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THE

C YCLOPiED lA

ANATOMY AND PHYSIOLOGY.

DIAPHRAGM (in anatomy), (Jiaffljay/ia,

S\a, inter, and ipeoKr<TU, scpio, claudo ; JjUt. dia-

jthriigmu ; Ital. dmj'ramma ; Vr. diapliragme

;

Ger. Zwerchfell; Enic. midriff), the name given

to that musculo-tcndinous septum by which the

cavities of tlie thorax and abdomen are separated

from each other in the Mammalia.
Nothing analogous to the diaphragm ofmam-

mals can be detected in the Invertebrate classes

of animals; the function of which it is a princi-

pal muscularagentin the Mammalia, respiration,

being efl'ected by the skin, intestines, stigmata,

tracheae, gills, &c. Most of the Vertebrata,

however, exhibit something analogous to the

diaphragm. Tims in Fishes the muscular sep-

tum dividing the cavity of the branchial n\>-

paralus (thorax) from the abdomen bears a

certain resemblance to the diaphragm. Birds

have muscles which proceed obliquely upwards
in the form of flat bundles of fibres from the

middle of the lower ribs to the under part of

tlie lungs, where they are lost in the pleura

covering these organs ; and thus by their con-
traction depress the lungs themselves, exjiand

tlieir cells, and facilitate the ingress of air

into them. These muscular fibres arc particu-

larly developed in the parrot.* Hut, as has
been said, it is only in Mammalia that the

genuine diaphragm is to be found ; and all the

animals of this class possess it. ITie organ, as

might be expected, undcrgfics some modifica-

tions in different families. In amphibious and
cetaceous mammalia it approximates to that of
bii-ds. A very strong and fleshy diaphragm is

• C. G. Caras, Comparative Anatomy,
vol.. 11.

attached to the dorsal side of the cavity of the

trunk so low down that it ascends considerably

in order to be connected in a peculiar manner
with the upper and anterior extremity of the

abdominal muscles; so that tlie lungs lie be-
hind rather than above the diaphragm.' In
the porpoise there is no central tendon .f The
horse, elephant, rhinoceros, and other animals
whose ribs approach the pelvis, have a very

extensive diaphragm, which forms an elevated

arch towards the thoiax.J Tliis shape is neces-

sary to accommodate the bulky contents of the
abdomen, without altering the attachments of
the muscle, which, as in man, are connected to

the lowest ribs. Some other variations fVom
the structure and form of the diaphragm in man
might be noticed, but they are very unim-
portant. We shall therefore proceed to give a
detailed account of the muscle in the human
subject.

Diaphragm (human anatomy).—The dia-

phragm in man is a muscle of great importance
(post corfacile princeps, Haller), being the chief
agent by which respiration is carried on, while
it assists in tlie performance of many other im-
portant processes. It is placed between the

thorax and abdomen, forming a convex floor

to the former, and a concave ceiling to the

latter. Although a single muscle, and situated

in the median line, it is not symmetrical ; the

right side of it is more extensive than the left.

Symmetry, however, was not necessary in an

* C. G. Caruf, Comparative Anatomy.
t Tyson.

j Cuvii-r, Anat. Comp. vol..iy.

R



DIAPHRAGM.

organ which could exert no influence on the

external form ; nor was it to be expected in a

muscle which is not wholly voluntary. In this

article it is intended to describe, 1st, the form,

structure, and organization of the diaphragm ;

2nd, iU uses ; and, 3rd, its malformations and

diseases.

Abdomhud turface of the diaphragm.

Fig. 2.

Thoracic turface teenfrom before.

Fig. 3.

Thorudc turfacc teen from bMnd, the verlebrce beina
retnoved.

For the convenience of description the dia-

phragm is usually divided into two portions

—

the vpper, which is called the costal, or true or

greater muscle ; and the lower, which is named
the vertcbrul, or smaller, and is also well known
as the crura or pillars. This division is sanc-

tioned by the situation, the shape, and the uses

of the two portions.

The upper portion, placed tranversely, {sep-

tum transvcrsum,) is tliin, but of great super-

ficial extent, being connected by its margins to

the entire circumference of the inferior outlet of

the thorax. Narrow between the sternum and
spine, it spreads out on each side into large

wings, and its outline bears some resemblance

to the figure of eight laid on the side, thus co .

Tlie centre is tendinous ; the border consists of

fleshy fibres. The tendinous part (fig. 1, T)
{centrum tendineum, s. nervcum, s. phrenicum,

cordiform tendon) is of considerable size, and
in shape resembles the trefoil leaf. It presents

a large semicircular notch behind towards the

spine, and is deeply divided on its anterior

margin into three lobes, of which one points for-

wards and one to each side. Of these lobes the

riglit is usually the largest, the left the smallest;

the anterior is the shortest, and sometimes the

broadest; the left is the narrowest and oflen

the longest. But these proportions will be
found to vary in different individuals. The
tendon is composed of fibres which pursue
various courses. The greater number radiate

from the vertebral notch ; these are crossed by
others which run in every direction, and which
seem to be continuous with the muscular
fibres ; and others again appear to be laid on
the tendon as accessaries, ratlier than as con-

tributing to its texture. These last are most
distinctly seen in old men, and on the under
surface of the right lobe. Tlie tendinous centre

forms nearly the highest part of the arch. It is

less curved than the fleshy portion, and more
fixed in its position. One large opening pre-

sents itself here, between tlie right and middle
lobes, through which the vena cava passes to

the heart.

From the anterior and lateral margins of this

tendon the muscular fibres pass off in arches,

to be inserted into all the base of the thorax by
digitations which mix with those of the trans-

versus abdominis.

Beginning in front, we find two slender fasci-

culi running downwards and forwards to die

ensiform cartilage. These are separated from
each other by a line of cellular tissue, marking
the median hne of ilie muscle; sometimes one
or both of these bundles may be absent, pro-

bably resulting from an arrest of formation.

To the outside of these, on each side, a con-

siderable triangular interval exists, where the

pleura and peritoneum are separated only by
cellular substance. Here some small branches

of the internal mammary artery pass to the ab-

domen ; and in this situation fluids might easily

find their way from the cellular tissue of one
cavity to that of the other. The fibres next in

order, bounding these spaces externally, are

much longer ; they pass outwards and down-
wards to the seventh rib, and are inserted by a
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broad dighalion into ihc point of t)ie bone and
into about one half of the adjoining ^)ortion of

ite cartilage. Tlie next fibres are still longer,

usually the longest of all ; they run outwards,

then downwards, forming the second digitalion,

which is attached in a sinjilar manner to the

eighth rib. The following fibres becoming
shorter as they approach the spinal notch, go to

the ninth and tenth ribs, and are similarly con-

nected. The succeeding ones, still shorter,

proceed to tlie eleventh and twelfth, and attach

themselves to a considerable ])ortion of their

length. In the two lowest intercostal spaces

the diaphragm and transversus abdominis are

imited by a common aponeurosis, which is very

tliin ; and here it is not very unusual to meet
with a deficiency in the diaphragm. The thin

portion of the muscle, near to the crura, has its

short fleshy fibres inserted into the ligamentiim

arcutitiwi externum.* ( Fig.l, d.) Tliis last appel-

lation is bestowed on a thin aponeurosis which
stretches from the inferior margin of the last rib

to the point of the transverse process of the first

lumbar vertebra. In reality it is nothing more
tlian the anterior layer of the tendon of the

transversus abdominis which lies in front of the

quadratus lumborum muscle, and is connected
to the lowest rib. By pulling the rib outwards
the aponeurosis is projected into a fold which
looks like a ligament. It is designated ex-

temum to distinguish it from another that is

much stronger and more truly ligamentous,

which arches over the psoas magnus muscle,
is attached to the transverse process of the

first lumbar vertebra (just where the former
ends), and to the body of the second. The
latter is known as the ligtimentum nrcuutum
internum-^ (fig. l,y,) it is also called the true,

and the external ihej'atse,—names derived from
their structure.

The vertebral or smaller muscle of the dia-

phragm is placed almost perpendicularly. The
fibres pass ofi' from the concave margin of tlie

tendon which is turned to the spine. They run
downwards and a little backwards at first, then

along the lumbar vertebra-, into which they are

principally inserted. The shortest and most
external of them go to the internal ligamentum
arcuatum ; but the greater number form two
liu^e and long fasciculi, the crura, or pillars, or

appendices of the diaphragm.
The right crus is longer and thicker than the

left, and is nearer to the middle line. It is

attached by tendinous slips to the bodies of the

three (often of the four) superior lumbar ver-

tebra; and to the intervertebral substances. The
left is attached in a similar way, but never de-
scends so low. Both become smaller as they
pass down, the more external fibres being
soonest inserted. The muscular bundles, on
quitting the cordiform tendon, separate imme-
diately from each other, to permit the (Esopha-
gus to pass into the abdomen, and unite again
behind that tube. Here a crossing or inter-

lacing of the fibres takes place, a considerable
bundle descending from the left side of tlie

• A reus tendincns exterior, Scaac.
t Arcus tendiDctis iuterior. Id.

CESophagus to the right crus, and a smaller one
from the right side to the left crus. In general

the latter is placed anteriorly ; and occasionally

two bundles descend from each side alternat nu
with their oppositcs. The fleshy filirts again

separate on a level with tlie lower edge of the

last dorsal vertebra to allow the aorta to [kiss,

and they continue afterwards distinct.

The foramina or openings which present

themselves in this septum require to be noticed.

Three large ones have been already mentioned ;

but as the organs which they transmit are of

great importance, they deserve more minute at-

tention. The first is situated in the tendon of
the diaphragm, toward its posterior part, a little

to the right of the centre (Jig.l,c). It corrc-

spondstothe line of division between the middle
and right lobes. Its shape is quadrangular,

(foramen quadralum,") having an anterior, a pos-

terior, a right and a left edge. Tlie right is the

longest, the anterior the shortest, and these two
often appear to form but one. The inferior

vena cava parses through this opening and im-
mediately empties itself into the right auricle of

the heart. The vein is firmly connected to the

foramen by means of thin aponeuroses sent off

from the tendinous margins; the posterior

mai'gin sending fibres upwards, the lateral

downwards, and the anterior in both directions.

This is the highest opening in the diaphragm,
being on a level with the lower edge of the

ninth dorsal vertebra and fifth rib. As the

boundaries of it are entirely tendinous they

cannot act on tlie vein themselves, and the ac-

tion of the muscular fibres only serves to keep
it dilated. Some branches of Oie phrenic nei-ve

accom|)any this vein.

A little to the left of the median line, and
close behind the central tendon, we find an
opening of an elliptical form through which the

ojsophagus and pneumogastric nerves pass (Jig.

l,e). Its major axis, two inches in length, is di-

rected obliquely downwardsand backwards. The
borders are entirely muscular, at least very ge-
nerally, for it sometimes happens that the ante-

rior extremity is bounded by the cordiform ten-

don. It results from a separation of the fibres

which are descending to constitute the crura,

and may be said to lie between the crura. The
crossing or interlacing of the fibres which takes

place just behind it must enable them to shut

up this opening completely when they act

strongly. This foramen is on a level with the

tenth dorsal vertebra, its upper and lower an-
gles corresponding to the planes of the upper
and lower surfaces of that bone.

About two inches below the inferior point

of the oesopha;.'e.il opening the aorta may be
seen, coming out of the thorax, opposite the

lower edge of the last dorsal vertebra (fig- 1 , a.)

This great vessel enters the abdomen by a canal

which is formed posteriorly by bone, anteriorly

by the decussating fibres, and on either side by
the crura of the diaphragm. These crura, after

jiassing along the sides of the artery, almost

meet behind it by their tendinous expansions

loMcr down. The margin of the aortic opening
is bordered with tendon, and the fleshy fibres

are so connected witli it that their action does
b2



not at all diminUh the size of tlie passage

Along with tlie aorta and to its riglit side we
see the vena azygos and thoracic duct passing

into the thorax.

Some other foramina transmit vessels and

ner\'es, but tliey are \e\j small and irregular.

The sympathetic nerve usually passes with the

psoas muscle under the internal ligamentum

arcuatum. 'Hie right splanchnic slips out of

the thorax between the fibres of llie right crus,

at a point internal, superior, and anterior to the

sympatlietic. Tlie left splanchnic comes in the

same way, or more frequently with the aorta.

The lesser splanchnic passes at the outer side

of the former, separated from it by a few fibres.

Behind the external ligamentum arcuatum the

last dorsal nerve may be seen. Filaments of

the phrenic nerve pierce the muscle in several

places, principally its tendinous part, and some

pass through the oiiening for the vena cava.

And branches of the internal mammary artery

creep through those cellular spaces which are

left between the xiphoid cartilage and first

«ostal attachment.

The upper muscle, of the diaphragm is lined

for the most part of its under surface by the

peritoneum, and on its upper by the pleurse

and i)ericardium ; being tinis placed between

serous membranes. In some points the peri-

toneum is reflected off to form ligaments for

tlie liver, and there this last organ comes in

contact with the muscle, llie same thing oc-

curs to a small extent in the case of the kid-

-neys. The upper surface too is for a little way
all along its margin destitute of serous covering,

and in contact with the ribs, intercostal mus-
cles, quadratus lumborum, psoas, and triangu-

laris sterni. Over the serous membranes on
the thoracic surface we find on each side the

base of the lungs, and in the centre the heart

resting on the middle lobe of the tendon and
on some muscular fibres to its right. The ab-
dominal surface is related to the liver, stomach,
spleen, and kidneys.

The inferior inuscle of the diaphragm has
one surface turned back to the spinal column,
and in contact with it and with a little of the
aorta ; the other surface looks forwards, and is

covered by the suprarenal capsules, the semi-
lunar ganglia, and various nerves, the aorta and
its principal branches, the ascending cava, the
commencement of the abdominal vena porta
and its tributaries, the pancreas, stomach, duo-
denum, and occasionally other parts. Little
or no peritoneum can touch this portion.

Arteries.—A muscle of so much importance
in the animal economy as the diaphragm, and
go perpetually in action, requires a large supply
of blood. This it receives through numerous
channels and from distinct sources ; and as all

its vessels inosculate freely in its substance, no
failure in the supply can well occur. The
phrenic and internal mammary are distributed
to its middle ; the same vessels, with the in-
tercostal, the lumbal, and some small aortic
twigs, feed the circumference.

Veins.—The veins of the diaphragm accom-
pany the arteries as in other parU of the body

;

each arltry having one or two vena; comites.

DIAPIIIIAGM.

The principal veins, however, correspond to the

phrenic artery, and pour their blood into two

trunks, a right and a left, which empty them-

selves into the cava. They are usually seen

on the under surface of the tendon, sometimes

on the u|)per ; or there may be two above and

two below. Occasionally they lie between the

two surfaces, so that their entrance into the

cava is not seen ; and in some cases they join

the hepatic veins.

Li/mphutics.—The diaphragm is furnished

with lymphatic vessels as other muscles, but

there is nothing peculiar in them. They are

not easily demonstrated, as they do not form

any very distinct trunks, but join with the

lymphatics of the neighbouring organs.

Nerves.—The diaphragm receives a great

number of nerves. The lumbar send twigs to

the crura, the lower dorsal to the broad muscle,

and there is a phrenic plexus sent off from the

solar, which accompanies the phrenic arteries,

and distributes its numerous and delicate fila-

ments with extreme minuteness to the under

surface of the muscle. From the plexus which
the eighth pair forms on the stomach, we trace

also some fine filaments. But the chief and
most important nerves are the phrenic. The
phrenic nerve arises from the cervical plexus

;

its principal origin is from the fourth cervical

nerve, to which there is usually joined a small

twig from the third. It runs down along the

anterior scalenus, and gets into the thorax be-

tween the subclavian artery and vein. In the

neck it generally receives filaments from each

cervical nerve. As it enters the thorax, it com-
municates with the inferior cervical ganglion,

and gets a filament from the descendens noni
and the pneumogastric. Tlie nerve thus formed
is conducted by the mediastinum and pericar-

dium, in front of the root of the lung, to the

diaphragm; the left being a little longer than

the right, and thrown somewhat further back
by the position of the heart.

It enters the diaphragm at the anterior edge
of the tendon in six or seven branches, the

largest of which pass backwards. Some go
through the muscle, ramify on its under sur-

face, and anastomose with the solar plexus

;

and one may usually be traced through the

opening for the cava on to that plexus. The
influence which these nerves exert on the organ

will presently be adverted to.

Uses.-—The chief use of the diaphragm is to

assist in the function of respiration, and it will

be found to be the principal agent in the me-
chanical part of that process. By its action

the thoracic cavity is enlarged from above
downwards, whilst its circumference is in-

creased by the intercostal and other muscles.

When the diaphragm acts, the entire muscle
descends, pushing the abdominal viscera down-
wards and forwards; but its different portions

descend very unequally. The tendinous centre

is nearly fixed, and the crura are incapable of
much change of position ; it is only in the

broad lateral expansions that the motion is very

apparent. The muscular fibres of these when
relaxed are pressed upwards, and present

arches, convex to the thorax, and rising even
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alwve the Icndoii ; but when brought into ac-

tion, cacli tibre a|>proaclics to a riglit line, which

nms oblltiuely down from the tendon to its

point of insertion. Thus, instead of a great

arch we liave a number of iiichned planes, very

short in front, very long at the sides, and of

intermediate length further back, all surmount-

ed by a tendinous platform. The ba.se of the

lung resting on the muscle descends with it;

the liver, stomach, spleen, and all the moveable

viscera of the abdomen are pressed downwards
and forwards against the abdominal muscles.

When the diaphragm descends, therefore, in-

spiration takes place by the rush of air into the

expanding thorax ; when it ascends expiration

is the result, the air being forced out. In the

former case the diaphragm is active; in the

latter it is comi)letely passive, following the re-

siliency of the linigs, and pressed up by the

action of the abdominal muscles on the viscera

beneath.* The central tendon descends very

little on account of its attachment to the peri-

cardium : descent here would be useless or

worse; but the lateral portions on which the

broad bases of the lungs rest, freely change their

place, and allow of considerable expansion of

the thorax where it is most required.

From viewing the insertion of the diaphragm
into the lower ribs it might be thought that

they would be drawn in by its action, and the

capacity of the thorax thereby diminished more
than increased ; but the intercostals prevent

this occurrence by acting at the same moment
to elevate and draw out the ribs.

The crura, besides acting in common with

the broad muscle in enlarging the thorax, serve

to fix the central tendon, and prevent it from

being drawn to either side by llie irregular ac-

tion of either half of the muscle, or forced too

high up. They may also by their fibres conti-

nued on each side of the (Esophageal orifice,

and contracting in concert with the pe.st of the

muscle, close that opening, and thus prevent

regurgitation from tlie stomach at the time

when this fiscus is pressed upon by the descent

of the diaphragm.

The extent to which the diaphragm descends

is not great. The central tendon will not admit

of much displacement in the normal state of

the parts, and the shape and motions of the

liver show that even the great ala; do not un-

dei-go much alteration. Ilaller indeed says

ttiat he saw the diaphragm descend so much in

violent inspiration as to present a convexity to-

wards the abdomen.f Uut this is quite incre-

dible. The utmost muscular eflbrt, if there

were no fixed point in its centre, could only

obliterate the iuch ; but even this we think im-
possible on account of its attachments. We
find on some occasions one side of the dia-

phragm act independently of the otlier.

The importance of the diaphn^m in respira-

tion is shewn by the ditficulty with which that

'* * Scnac says the anterior fibres assist in oxpira-

lion by drawing the ribs inwards and backwards.
Acad, dcs Sciences, 1729.

t In viulentissima rospirationc oninino vidi dcor-

sum versus ahdouittn diaphragnia cunvexuni rc<ldi.

Hall,!-, Kl'-m. I'livi. Ii|.. viii. sect. 1.

function is performed when the actions of the

muscle are interfered with. Ascites and tu-

mours in tlie alxlomen render the bre.itlnng

shorter; even a full meal will have this etrcci,

owing to tlie im|)cdiments to the descent of the

dia|)hragm. If the phrenic nerves be divided

in a living animal, greiit difficulty of brcalliiiig

follows, the entire labour of respiration l)eiiig

thrown on tlie muscles which elevate the ribs.

If the spinal marrow be divided above the

giving off of the phrenic nerves, respiration

ceases at once, but not so if divided imme-
diately below that point; and in a case of fatal

dyspnoea Beclard could find no cause but a
tumour on one of the phrenic nerves.

Besides the part which it plays in respira-

tion, it is prolable that the (liaphragm, by its

ordinary motions, exerts a beneficial inHuciice

on the digestive organs. The liver must lie

more or less affected by it in its secretion, and
the gall-bladder is supposed to receive from it

a compression which in some degree makes
amends for the want of muscular fibres,* whilst

the agitation of the hollow viscera will favour

the transmission of their contents.

The chyle in the lacteals and thoracic duct
may also receive an impulse from the dia-

phragm.
Some anatomists were of opinion that the

venous circulation in the abdomen was also

assisted by the pressure, but the ab:jeiice of
valves in these vessels must prevent them from
deriving any assistance from alternate compres-
sion and relaxation. It acts powerfully, how-
ever, on the venous circulation of the whole
system by the vacuum which it has a tendency
to form in the thorax.

Tlie nerves which pass through the dia-

phragm, as the par vagum, sympathetics, and
splanchnics, were formerly supposed to suffer

compression, and the alternate transmission and
interruption of the nervous influence, it was
thought, could account for the puls:itions of

the heart and the vermicular motions of the

intestines. But all this is too obviously erro-

neous to require comment.
The diaphragm assists, though rather as a

passive instrument, in the expulsion of the

urine, faeces, &c. For this purpose the thorax

is filled with air, the rima glottidis is closed,

and the diaphragm forms a re.sisting surface

against which the abdominal muscles press the

hollow viscera, and force out their contents

wherever an exit is afforded them.

The diaphragm is more or less engaged in

hiccup, yawning, sighing, sobbing, groaning,

wliicli are all actions connected in various

ways with the function of respiration, and soiiiu

of them more especially dependent on the dia-

jihragra, particularly hiccup, which is an explo-

sive inspiration, in which the diaphragm acts

involuntarily by a short and sudden eflbrt, a
sound being at the same time produced in tlio

larynx.

Tlic diaphragm also performs an importiint

part in vomiting. A full inspiration precedes

this act, then the glottis is closed, and Ihe ab-

• Senac.
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(lominal muscles forcibly press the stomach
against the diaphraijm, so as to assist the aiiti-

j)urist;iltic motion of that visciis. Magendie
made expeiimeiits to show that unless the dia-

pliragm or abdominal muscles acted on the

stomach, no vomiting could take place. He
went too far, liowever, when lie attributed tlie

entire result to them. Substituting a pig's

bladder for the stomach, he injected tartar

emetic into the veins, and vomiting followed.

Hut he forgot that pressure might readily

empty a dead bladder and have little effect on
a living stomach. And that such is the case

we may be certain, else every cough would
evacuate the stomach.

Lastly, the diaphragm acts the part of a sep-

tum or mediastinum to separate the two great

cavities between which it is placed. When
this septum is wanting, the abdominal viscera

get into the thorax, and in such cases the lungs

are constantly found in a rudimentary state

:

their further evolution being impeded by the

pressure exerted on them by the intruding

viscera.*

It has been stated that the oesophageal open-
ing may be closed by those fibres of the crura

which curve round it. The other openings, as

the aortic, and that for the ascending cava, can-

not be diminished by the efforts of the muscle.
This is plain from the tendinous margins which
they present, and the manner in which the mus-
cular fibres are attached to their borders.

We have not mentioned some of the uses

which the ancients ascribed to the diaphragm

—

as, that it is the seat of the passions,-!- that it

prevented noxious vapours from rising into the
thorax, that it fanned the hypochondria, and so

forth. These are too fanciful to demand serious

notice.

Malformations and diseases.— The dia-

phragm may be absent in whole or in part by
congenital malformation. In the very young
foetus the thorax and abdomen form one cavity,

as in birds, reptiles, and fishes ; and the deve-
lopment of the diaphragm, as of most other
organs, is by a process of growth from the cir-

cumference to the centre. If, therefore, an
arrest of formation occur at a very early period
of foetal existence, the muscle may be entirely

wanting; if at a later period, some deficiency
will be found at or near the centre. An exam-
ple of the total absence of the diaphragm was
dissected by Diemorbroeck. The subject lived
to the age of seven years without suffering any
inconvenience except a frequent cough.J Con-
genital deficiencies near its middle are not very
rare. They are observed oftener towards the
left than tlie right side, and are always accom-
panied with a protrusion of the abdominal
viscera into the thorax, not vice versii. The
development of the thoracic viscera is impeded
by this intrusion, and they remain more or less

• Andral's Pathological Anatomy, tr. by Town-
send and West, vol. i.

t The woid phrenic, used » ith rcferencu to the
diaphragm, as jihrauc nerve, phrenic centre, &c.
baa iU origin in tliis opinion, iftfivt;, a <ffr,v, mens,
tanquam mentis scdes.

} l)ict. d« Sciences Med. «rt. Diaphragmc.

rudimentary. It sometimes happens that the

natural openings of the diaphragm are too

large, and then protrusions or herniae are apt to

occur by the sides of the tubes which they

were intended alone to transmit.

Openings frequently occur in consequence

of disease or violence. Ulcers often make a

perforation, and it is common enough to see an

abscess of the liver make its way into the lung

through the diaphragm. The writer lately saw
an abscess, which formed in the gastrosplenic

omentum, take the same course. Wounds often

penetrate the diaphragm, and it is remarkable
that however small they may be, a ventral

phrenic hernia is sure to follow.

The diaphragm has been suddenly ruptured
during violent muscular eftbrts, vomiting, falls,

&c. and instant death has usually followed.

Various examples of such ruptures are recorded

in the Dictionnaire des Sciences Med. art.

Diaphragme. The countenance in all such
cases assumes the peculiar expression or grin

called risus Stirdonicus.

The diaphragm is subject to attacks of in-

flammation, which, in almost every case, is

communicated to it by the adhering pleura or

peritoneum. It is indeed usually confined to

one or other of these serous membranes, chiefly

the pleura, and does not aft'ect the muscular
fibre. It is, notwithstanding, termed diaphrag-
niitis. Hippocrates called it p/ircnitis, and
Boerhaave changed the name to paruphrenitis,

to distinguish it from a well-known cerebral

affection

.

Gangrene, collections ofpus, tumours, &c. are

occasionally met with, and are of very ditiScult

diagnosis.

Cartilaginous and osseous deposits have been
found on both sides of the diaphragm in the

subserous cellular tissue.

The diaphragm is often considerably dis-

placed upwards or dovvnwai'ds. In ascites,

and in consequence of diseases of the liver and
of abdominal tumours, it may be pushed up to

the second rib on one side ; in thoracic affec-

tions again it has been so pushed down as to

become convex, in part of its extent, towards
the abdomen. Senac mentions a case of great

enlargement of the heart which caused the cen-
tral tendon to be buried in the abdomen, it

being formed into a kind of pouch.* Dr. W.
Stokes found the left ala convex towards the

abdomen in emphysema of the lungs,f and it

is known to yield extensively to the pressure of
fluid in cases of empyema, more especially if

the pleura covering it has been much engaged,
as the same accurate observer has noticed and
explained.

For BiBLIOGRAPHV see that of Anatomy (INTRO-
DUCTION).

(Charles Benson.)

DIGESTION. (Fr.(/;;?c.'!<io»; Germ. Ver-
dauung; Ital. digestione.) This term is em-
ployed in Physiology to designate that func-
tion by which alimentary matter is received

* Acad, des Sciences, Mem. 1729.

t Dublin Med. Journal, vol. ix. p. 37.
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into an appropriate organ, or set of organs,

and where it is subjected to a specific action,

which adapts it for tlic puriwse of nutrition.'*

In its original and technical sense tliis action

vras confined to the stomach,"!- but it is gene-

rally applied more extensively, so as to include

a number of distinct operations, and a suc-

cession of changes, wliicli the food experiences,

after it has been received into the stomach,

until a ])ortion of its elements are .separated

ftom the mass, and are conveyed, by means of

the lacteals, to the bloodvessels.

In the following article we shall employ the

term in its most extensive acceptation, and
shall regard the whole as one function, the

successive steps of which are intimately and
necessarily connected together, and each of

them essential to the completion of the whole.J

We shall commence by a description of the

organs of digestion, we shall next give an ac-

count of the nature of the substances usually

employed as food ; in the third place we shall

trace the successive changes which the food

experiences in the diH'erent parts of the pro-

cess; in the fourdi place we shall examine
some of the hyiMtheses that have been pro-

posed to explain these various operations, and
shall conclude by some remarks on certain

affections of the digestive orgatis, which are

connected with, or dependant upon, their

functions.

I. Description of the organs i)f digestion.—
The organs of digestion, taken in their most
comprehensive sense, may be arranged under
three divisions : the first, by which the aliment

is prepared for the chemical change which it is

afterwards to experience, and is conveyed into

the stomach, being principally of a mechanical
nature; secondly, what have been more ex-

clusively termed the proper digestive organs,

where the aliment receives its appropriate

chemical changes; and lastly, those organs

by which, after the nutritive substance thus

elaborated has been separated from the

mass, in order to be conveyed into the

blood, the residuary matter is expelled from
he system.§

• The term appears to have been origioally bor-
rowed from the chcmista, or the chemical pnysio-
logUt», who supposed that the aliment was ma-
coratcd in the stomach precisely ia the same
manner as substances arc said to be digested in

various operations in the laboratory. It was a term
very frequently employed by Van Helmom.—See
Castelli, Lexicon, " Digestio,"

t Cullen's I'hysiol. 001.
X Magcndie divides the process of digestion into

eight distinct actions : 1, the reception of the food

;

2, mastication ; 3, insalivation ; 4, deglutition ; S,
the action of the stomach ; 6, of the smaller in-

testines; 7, of the large intestines; 8, expulsion
of the faeces. I'hys. t. ii. p. 33. Adclon and
Chaussier arrange ihem under seven beads : appe-
tition. gustation, mastication, dcglution, chymitica-
tion, chylification, and defxcation. Diet. Sc, Med.
t. ix. p. 357.

$ Adelon considers the digestive organs to con-
sist of six essential purts : the mouth, the pharynx
and (rsophagus. the stomach, the duodenum, the
small intestines, and the large intestines. Diet.

Sc. Med. t. ix. p. 355.

In tlic liigher orders of animals, where the

functions are more numerous, and mure varied

in their nature, we find them to be so inti-

mately connected together, and dependent on
each otlier, that it is im|)ossible for any one
of them to be suspended without the derange-

ment of the whole. But as we descend to

animals of a less perfect and complicated

structure, the functions are considerably re-

duced in number, and seem also to be less

intimately connected, so that certain of them
are either altogether wanting, or are performed,

although imperfectly, by other organs, which
are not exclusively appropriated to them.

Tims we observe that some, even of the parts

which are the most essential to human ex-

istence, as the brain, the heart, and the lungs,

are not to be found in many very extensive

classes of animals, some of the functions be-

longing to these organs being entirely deficient,

or being effected in a more simple or a less

complete manner, by a less complicated ap-

paratus. As we descend still lower in the

scale, we find the functions still more restricted

and simplified, until we arrive at the lowest

term which would apjjcar to be compatible

with the existence of an organized being, where
no functions remain but those which seem to

be essential to the original formation of the

animal and to its subsequent nutrition. That
some apparatus of this description is abso-

lutely essential may be concluded, botli from

the consideration, that the nutritive matter

which is received into the system must un-
dergo a certain change, either chemical or

mechanical, before it can tie employed for tliis

purpose, as well as from the fact, that a sto-

mach, or something equivalent to it, has been
found to be d\e circumstance, which is the

most characteristic of animal, as distinguished

fi-om vegetable life.* Accordingly, with a very

few exceptions, and those perhaps depending
ratlier upon the inaccuracy of our observation,

tlian upon the actual fact, it is generally ad-

mitted, that every animal, the size and texture

of which admit of its being distinctly ex-

amined, is possessed of some oiyan appro-

priated to the purposes of digestion.f

Of the three orders of parts mentioned

above, the second is the only indispensable one,

or that which is alone essential to the due per-

formance of the function. In many cases tlie

aliment is directly received into the stomach,

without any previous prei^aration, either che-

mical or mechanical, and there are not a few

instances in which the residuary matter is im-

mediately rejected from the stomach, without

any distinct apparatus for its removal. In the

• Smith's Introd. to Botany, p. 5; Grant, Cvc.

of Anat. v, i. p. 107. J)r. Willis, on the other

hand, remarks, in the same work, that nothing

resembling a stomach has been found in any vege-

table, p. 107.

t Soemmering, Corp. hum. fab. t. vi. p. 229

;

Blumenbacb's Comp. Anat. ^ 82. Many of the

exceptions which were supposed to exist to the

general rule have been removed by the interesting

observations of Ehrenberg ; Ann. Sc. Nat. t. ii.

2c sir.; Koget's Bridgawater Treatise, v. ii. p. %.
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following pages our main object will be to give

an account of llie function of digestion as it is

exercised in man and in those animals which

the most nearly resemble him, referring to

other animals only so far as it may contribute

to illustrate or explain the nature of the ope-

ration in the human species.

In the various divisions of the Mammalia
the first order of parts may be arranged under

the five heads of the mouth with its muscular

appendages, the teeth, the salivary glands,

the pharynx, and the oesophagus. With the

exception of the salivary glands, the effect

of these organs is entirely mechanical ; it con-

sists in the prehension, the mastication, and
the deglutition of the aliment. The first of

these organs may be again subdivided into

three parts, the lips, the cheeks, and the

tongue ; the lips being more immediately

adapted for seizing and retaining the food,

and the others for conveying it, in the first

instance, to the teeth, for the purpose of mas-
tication, and afterwards to the pharynx, in

order that it may be swallowed. In this, as

in every other part of the animal frame, we
perceive that adaptation of the structure of

each individual organ to the general habits of
the animal, which forms a constant subject of

delight and admiration to the anatomist and
the physiologist. In animals that feed upon
succulent and luxuriant herbage the lips are

capacious, strong, and pendulous, for the pur-
pose of grasping and detaching their food,

while in those that employ an animal diet,

where their prey is to be seized and divided
principally by means of the teeth, the lips are
thin, membranous, and retractile. Again in

the muscles that are connected with the cheeks,
we find the same adaptation, although perhaps
not in so obvious a degree. We observe that

animals who receive large quantities of food,
either in consequence of its being of a less

nutritive nature, or from any other peculiarity

in their habits and organization, as well as
those whose food is of a harder consistence
and firmer texture, have larger and more
powerful muscles, both for the purpose of
moving the jaws with greater force, and for
acting upon the larger mass of matter which is

taken into the mouth.
The principle of adaptation is still more

remarkable in the teeth. Among the different
orders which compose the Mammalia, we ob-
serve a general analogy and resemblance be-
tween the teeth, both as to their number, form,
and relative position, while, at tlie same time,
there is so great a diversity in the different
tribes of animals, that some of the most dis-
tinguished naturalists have regarded these
organs as the parts the best adapted for form-
ing the basis of their systematic arrangements,
inasmuch as they afford the most characteristic
marks of the habits of the animals, and of the
peculiarities of their other functions.* Thus,
by an inspection of the teeth we can at once
discover whether the individual is intended to

* Linoaeu!
Shaw's Zool,

, Sys. N«t. t

V, i. Intiod. p.

i. p. 16 et

vii et alibi.

alibi

:

employ animal or vegetable food, some of them
being obviously adapted for seizing and lace-

rating the animals which they acquire in the

chace or by combat, while the teeth of others

are obviously formed for the cropping of vege-

tables, and for breaking down and triturating

the tough aud rigid parts of which they prin-

cipally consist. It is with a view to this dou-
ble purpose of prehension and mastication that

the great division of the teeth into the incisors

aud the molares, the cutting and the grinding
teetli, depends, the former being of course
situated in the front of the mouth, the latter

in the sides of the jaws. The chemical com-
position and mechanical texture of the teeth is

no less adapted to their office of dividing and
comminuting the food than their figure and
position. They are composed of nearly the
same materials with the bones generally, but
their texture is considerably more dense and
compact, while they are covered with an ena-
mel of so peculiarly firm a consistence, as to

enable them, in many kinds of animals, to
break down and pulverize even the hardest
bones of other animals, and to reduce them to
a state in which they may be swallowed, and
received by the stomach, in the condition the
best adapted for being acted upon by the gastric
juice.*

At the same time that the alimentary matter
is subjected to the mechanical action of the
teeth, it is mixed with the fluids that are dis-

charged from the salivary and mucous glands,
which are situated in various parts of the
mouth. The use of the saliva is to soften the
food, and thus render it more easily masti-
cated, to facilitate its passage along the pha-
rynx and oesophagus, and perhaps, by a certain
chemical action, to prepare it for the change
which it is afterwards to experience, when it is

received into the stomach.f
Tlie food, after it has been sufficiently di-

vided by the teeth, and incorporated with the
saliva, is transmitted, by the act of deglutition,
into the stomach. There is perhaps no part
of the system, which exhibits a more perfect
specimen of animal mechanism than the pro-
cess of deglutition. It consists in the succes-
sive contraction of various muscles, that arc
connected with the contiguous parts, each of
which contributes to form a series of mecha-
nical actions, which, when connected with
each other, effect the ultimate object in the
most complete manner. The muscles of the
mouth and the tongue first mould the mas-
ticated aliment into the mo^yeT form, and trans-
mit it to the pharynx; this partis, at the same
time, by the cooperation of other muscles,
placed in the most suitable position for re-
ceiving the alimentary mass, and transmitting
it to the tesophagus, while another set of mus-

• Hatchcit, in Phil. Trans, for 1799, p. 328-9

;

Jierzelms, View of Animal Chemistry, p. 78

1

I'cpys, in Fox on the Teeth, p. 92 ct scq ; Turner's
Chemistry, p. 1012.

t For the opinions that were entertained by tho
older physiologists on this point the reader is re-
ferred to Haglivi, Diss. 2, circa salivam, op.
p. 412 et seq.i also to Haller, El. Pbys. 18. 2. 13.
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cle» causes ihe epiglottis to close the passage

into tlie larynx. The muscular fibres ol' the

cegpphagus itself are now brought into play,

and by their successive contraction, propel the

food from the upper to the lower part of the

tube, and thus convey it to its final Jestinutiun.

These three stages, which altogether constitute

a very complicated train of actions, are so

connected with each other, that the operation

appears to be of the most simple kind ; it is

one of the first that is performeu by the newly
bom animal, and is exercised during the whole
period of existence with the most perfect

facility.*

The food, after having thus experienced the

action of the first order of parts, which, as we
have seen above, is principally, if not entirely,

of a mechanical nature, is finally deposited m
the stomach. The stomach is a bag of an
irregular oval form, which lies obliquely across

tlie upper part of the abdomen, in what is

termed, from the presence of this organ, the

epigastric region. Tlie structure of the sto-

mach, considered in its physiological relation,

is threefold. A large portion of it is composed
of membranous matter, which gives it lU ge-

neral form, determines its bulk, and connects
it with the neighbouring parts, constituting its

external coat. To the interior surface of this

coat are attached a number of muscular fibres,

by which the various contractile actions of the

stomach are performed; these, although not
cajiable of being exhibited as a connected or

continuous structure, are considered, accord-
ing to tlie custom of the anatomists, as com-
posing the muscular coat, while its internal

coat consists of a mucous membrane, which
appears to be the immediate seat of the se-

creting glands, from which the stomach de-
rives its appropriate fluids. But besides this,

which may be regarded as the physiological

structure of the stomach, by which its parts

are so arranged as to give the organ its form
and position, its contractile power, and its

chemical action, the anatomists liave resolved it

into a greater number of mechanical divisions,

depending principally ujxin the minuteness to

wliich tliey have carried their dissections. In
this way no less than six or even eight distinct

strata or coats have been assigned to the sto-

mach. First, the peritoneal covering, which it

has in common with all the other abdominal
viscera, the dense membrane which more
especially gives the stomach its form, called
in the language of tlie older writers the ner-

vous coat, two muscular coats,t one com|>oscd
of longitudinal and the other of circular fibres,

:uid the innermost, or, as it has been termed,

• For a miouCc account of the process of deglu-
tition generally wo may refer to lloerhaavc, Pnel.
t. i. <>70. .2, Hiillcr's l*hy«. by Mihles, led. 23;
Prim. Lin. cap. 18, 4 ()07 . . 621 ; El. I'hys. xviii.
3. 21.. 5; Dumas, Physiol, t. i. p. 341. . 3i)3, who
divides the act of deglutilioii into four stages, and
to Magendic, Physiol, t. ii. p. 54.. 07, who reduces
thcno to three.

t Boycr, uhi supra, supposes that the muscular
fibres are arranged in three layers. See also El-
liotsoa's Physiol, p. 78.

the villous coat, together with three cellular

coats, which are situated between the former
and connect ihcm with ejtch other, llie ner-

vous coal is usually described as being the seat

of the glands, as well as of the bloodvcssel.s,

nerves, and absorbents which belong to tlie

stomach; but although they cannot perhaps
be actually traced beyond this part, there is

some reason to suppose that their ultimate

destination is on the innermost or villous

coat.

The membranous part of tlie stomach ap-
pears to be peculiarly distensible, so as readily

to admit of having its capacity greatly and
suddenly increased, in order to contain the

large quantity of solids and fluids that are

occasionally received into it, while its mus-
cular fibres and nerves are possessed respec-

tively of a high degree of contractility and
sensibility, by which they act powerfully on
its contents, propelling them, when necessary,

into the duodenum, and thus reducing the
bulk of tlie stomach to its ordinary standard.

Besides the mucous tluid which the inner sur-

face secretes, in common with all other mem-
branes of this description, the stomach is sup-
posed to possess cerliiin glands, adapted for

the formation of a specific fluid, termed the
gastric juice, which acts an imirartant part in

tlie process of digestion ; but tne presence of
these glands has been rather inferred from their

supposed necessity, than from any actual ob-
servation of their existence.*

From the peculiar form and disposition of
what have been termed the muscular coats of
the stomach, they not only enable the organ
to contract in its whole extent and in all direc-

tions, but they give to its individual parts the
power of successively contracting and relaxing,

so as to produce what has been termed its

peristaltic or vermicular motion .f The eflect

produced appears to be, in the first instance,

to form in the interior of the stomach a series

of folds or furrows, and at the same time to

agitate the alimentary mass, so as to bring
every part of it, in its turn, within the in-

fluence of the gastric juice, while the whole
of tlie mass is gradually carried forwards to-

wards the pylorus, and is in due time dis-

chiu^ed from that orifice. The muscular fibres

of the stomach, like all those that are txm-
nected with membranous expansions, forming
what are termed muscular coats, are not under
the control of the will.

In consequence of the great degree of vitality

which the stomach possesses, a circumstance in

which it is surpassed by scarcely any organ in

the whole body, it is very plentifully provided
with bloodvessels and with nerves. The arteries,

according to the ordinary construction of the sys-

tem, are furnished by the contiguous large trunks,

• Winslow's AtiM. Sect. viii. § 63..5 ; Halicr.El.
Phys. XIX. 1. 14; Bell's Anat. v. iv. p. 58.

t Hallcr, El. Phys. xix. 4.9,0; Hoyer, .4nat.

t. iv. p. 333 . . 5 ; "Benin, Mem. Acad, pour 1760,
p. 58 et seq.; this writer appears to have been one
of the first who gave us a curreci description of t'le

muscultir coat3 of the sioinacb.
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while the veins, in common with all those that be-

long to what are termed the chylopoietic viscera,

terrainate in llie vena porta;.* The nerves of the

stomach are not only very numerous, but tliey

are remarkable for the lumiber of different

sources whence they derive their origin. These

are, in the first instance, threefold ; it is fur-

nished with a large quantity of ganglionic

nerves, in common with all tlie neighbouring

viscera; it likevfise receives nerves directly

from the spinal cord, and unlike all the other

parts of tlie body, except what are termed the

organs of sense, it has a pair of cerebral nerves

in a great degree appropriated to it. The
specific uses of these different nerves are not

certainly ascertained, and it would scarcely fall

under the immediate object of this treatise to

enter upon the consideration of tliis point ; but

we may observe, that no organ, in any part of

the body, partakes more fully of what may be

considered as the actions of the nervous system,

or is more remarkably affected by its various

changes, including not merely those of a physio-

logical nature, but such likewise as are con-

nected with the various mental impressions.f

The two extremities of the stomach, by which
the food is received and d ischarged, are respec-

tively termed the cardia and the pylorus. Their

structure, in many respects, differs from that

of the other parts of the organ. The cardia is

remarkable for the great proportion of nerves

which are distributed over it, and as these are

principally derived from the par vagum, or the

eighth pair of cerebral nerves, we may under-
stand why this should be the most sensitive

part of tlie stomach. Tlie pylorus is remarkable
for the mechanical disposition of its muscular
fibres, which form an imperfect kind of sphinc-

ter, by which the food is detained in the cavity

until it has experienced the chemical action of
the gastric juice. And besides the functions

which are actually possessed by this part, many
im^inary and mysterious powers were ascribed
to the pylorus by the older physiologists. The
sensibility of the stomach was supposed to
reside more especially in this extremity ; it was
selected by some of the visionary philosophers
of the sixteenth and seventeenth centuries as
being the seat of the soul, and even some of the
modems ascribe to it a kind of intelligence or
peculiar tact, by which it is enabled to select the
part of the alimentary mass, which has been
sufficiently prepared to enter the duodenum,
while it prevents the remainder from passing
through its orifice, and retains it for the purpose
of being still farther elaborated.J

On account of the form and position of the
stomach it is sufficiently obvious, that a con-
siderable proportion of its contents must be, at
all times, below the level of the pylorus. The
food is hence prevented from passing too hastily
out of the organ, while we may conclude that

• Winslow, tcrt. viii. § 2. 72. .7 ; Hallcr, El.
Phy». xix. I. 16. .20; Blumcnbach, Inst. Physiol.
5 356 ; Bell's Dissect, p. 19 . . 25. pi. 3, 4.

t Winslow, nbi supra, 78, 9 ; Haller, xix. 1. 21 •

Blumenbach, § 355; Bell's Anat. v. iv. p. 64-
Waller, Tall. uerv. No. 3. 4.

t Richcrand, Physiol. ^23. $ 111, 2.

the transmission of the food is almost entirely

effected by the contraction of its muscular
fibres, aided probably by the diaphragm and
the abdominal muscles, but scarcely in any
degree by the mere action of gravity.* It must,

however, be observed that the position of the

stomach generally, with respect to the neighbour-
ing organs, as well as the relation of its different

parts to each other, varies considerably according

to its state of repletion ; when it is the most fully

distended, its large arch, which previously was
pendulous, is now pushed forwards and raised

upwards, so as to be nearly on the same level

with the pylorus.f

When the food leaves the stomach, it is re-

ceived by the intestinal canal, a long and
winding tube, which varies much in its diameter
and its form, in the different parts of its course,

but which, both in its anatomical structure and
in its physiological functions, bears a consider-

able resemblance to the stomach. It may be
said, in the same manner, to consist of three

essential parts, the membranous, the muscular,
and the mucous, which respectively serve to

give it its form, to enable it to propel its con-
tents, and to furnish the necessary secretions.

With respect to the form of its individual parts,

it has been divided, in the first instance, into

the large and small intestines, a division which
depends upon the comparative diameter of the
two portions, while each of these has been sub-
divided into three parts, depending more upon
their form and their position than upon their

structure or functions.

But although it may be supposed, that the

division of the tube into the great and small in-

testines refers to their difference of size alone, it

is to be observed that they perform very differ-

ent functions, and are subservient to very differ-

ent purposes in the animal ceconomy. It is in

the small intestines, and more especially in tlie

first portion of them, termed the duodenum,
that what must be considered as the most essen-
tial or specific part of the function of digestion

is effected, the formation of chyle, while it is

almost exclusively in the duodenum and the
other small intestines, the jejunum and the
ileum, that the chyle thus produced is taken up
by the lacteals, in order to be conveyed to

the thoracic duct, and finally deposited in the
bloodvessels.

The use of the large intestines, and more es
pecially of the colon, which constitutes a con-
siderable proportion of the whole, ap]iears to be
more of a mechanical nature, serving as a depo-
sit or reservoir, in which the residuary matter
is received and lodged, fora certain period, until

it is finally expelled from the system. Tlie
division between the parts of the small intestines,

to which the names jejunum and ileum have
been applied, is entirely arbitrary, as they ap-
pear to be precisely similar to each other, both
in their structure and their functions, but the
case is very different with resiiect to the duode-
num, which in both these respects possesses a
cleariy marked and distinctive character. Of

• Ilallcr, ubi supra, § 2. .4.

t Blumcnbach, § 353.
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lliis anatomists liavt long been well aware, and

it lias accordingly been inadu the objtct of par-

ticular attention, and lias even received the ap-

pellation of the accessory stomach ; but we shall

enter more particularly into the consideration of

this subject when we come to treat upon the

difference between chyme and chyle, and the

nature of the process by which it is effected.

The jieculiarities of the digestive organs in

the different classes of animals are interesting,

not merely as affording remarkable examples of

the adaptation of the animal to the situation in

which it is placed, but are especially worthy of

our notice on this occasion, as serving to illus-

trate the nature of the operation generally, and

the mode in which its various stages are related

to each other. The most remarkable examples

of this kind are the complicated stomachs of the

ruminant quadrupeds, and the muscular sto-

machs of certain classes of birds.*

The ruminant animals belong to the class of

the mammalia, and are such as feed principally

upon the stalks and leaves of plants. Tlie quan-

tity of food which they take is very consider-

able ; it is swallowed, in the first instance, al-

most without mastication, and is received into

the first stomach, a large cavity, which is termed

the venter mtignus, pa/ise, or puunck.f The
(ood, after remaining for some time in this sto-

mach, for the purpose, as it would appear, of

being macerated, is next conveyed into the

second stomach, a smaller cavity, the internal

coat of which is drawn up into folds that lie in

both directions, so as to form a number of an-

gular cells, from which circumstance it has

received the appellation of reticulum, bonnet,

or honet/comb. The reticulum is provided

with a number of strong muscular fibres, by

which the food is rounded into the form of a

ball, and is propelled along the oesophagus into

the mouth. It is now completely masticated,

after having been pro[icrly prepared for the pro-

cess by its previous maceration in the paunch
;

this mastication constitutes what has been

termed chewing tlie cud, or rumination.

\Vhen the food has been sufficiently com-
minuted it is agiiin swallowed, but by a pecu-

liar mechanism of muscular contraction the

passage into the venter magnus is closed, while

an opening is left for it to pass into the third

stomach, termed oniusum,feutllct, OTwaniplies ;

it is smaller than any of the other cavitie.«, and

its internal coat is formed into a series of strong

ridges and furrows, but without the transverse

ridges of the reticulum. From the omasum the

food is finally deposited in llie fourth stomach,

the uhomusiim, cudhlle. or reed, a cavity consi-

derably larger than cither the second or third

stomach, altliough less than the firet. It is of

an irregular conical form, the base being turned

• For an interesting account of the comparative
anatomy of the digestive organs wc may refer to

Carus's Comparative Anatuiiiy, by Gore, v. ii. p. 72

et 8fq.

1 We have selected the terms by which each of

the four stomachs is usually designated in Latin,

French, and £nf;lish respectively; there are, how-
ever, various other names which have l>ccn applied

to ihcm.

to the omasum ; it is lined with a thick mucous
or villous coat, which is contracted into ridges

or fiirrows, somewhat in the manner of the oma-
sum, and it appears to be that |)art of the diges-

tive apixiratus which is analogous to the single

stomach of the other mammalia, where the ali-

ment undergoes the process of chymification, the

three first stomachs being intended to macerate

and grind it down, in order to prepare it for the

action ofthe gastric juice. (See Ki'minantia.)
Although we conceive that the operation of

the different parts of this complicated apparatus

is pretty well understood, it still remains for us

to inquire into the final cause of the arrange-

ment, or why the maceration and mastication of

the food in certain classes of animals should be

effiected in a manner so different from what it is

in others, which, in their general structure and
functions, the most nearly resemble tliem. The
opinion which was entertained on this subject

by the older anatomists, and which may be still

regarded as the popular doctrine, is, that the

nature of the food of these animals, and tlie large

quantity of it necessary for their support, requires

a greater lengtli of time for its comminution and
a greater quantity of tlie mucous secretions than

it could obtain by the ordinary process. But
although there may be some foundation for tliis

opinion, the more extended observations of

modem naturalists show, that it does not apply

in all cases, and that there are so many excep-

tions to the general rule as to lead us to doubt

tlie trutli of the position.* It is to be ob-

served, that when animals with ruminant sto-

machs take in liquids, the ffuid passes immedi-
ately into the second stomach,^ where it is

mixed with tlie aliment after it has been

macerated in the venter magnus, and probably

moulds it into the proper form, for its return

along the oesophagus into the mouth. While
the young animal is nourished by the mother's

milk, the fluid is conveyed, in the first instance,

through the third stomach into the fourth, and it

is not until it begins to take solid food, that the

process of rumination is established. It is

hence concluded, that the animal possesses the

power of conveying the food at pleasure either

into the first or the third stomach, and of return-

ing it from the second into the mouth ;I these,

like many other voluntary acts, being of the

kind which are termed instinctive.

Tlie other kind of stomach which we, referred

to above as possessing a peculiar structure,

and acting on a different principle from that of

the human species, is the muscular stomach of

certain classes of birds. Birds are not pro-

vided with teeth, or with any apparatus which

can directly serve for the process of mastica-

tion ; yet many of them feed upon hard sub-

stances, which cannot be acted upon by the

gastric juice, until they have undergone some
process, by which they may be tximminuled or

ground down into a pulpy mass. This is

efTcoted by the inglnvies, the craw or crop, and

the ventriculus bnlbosus or gizzard. The first

• Blumenbach's Comp. Anat. p. 138. note 20.

t Home, ubi supra, p. 363.

J Bluraenl)ach, ubisupra, p. 138. note 18; Ray's

Wisdom of God, &c., p. 188.
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of these is a large membranous bag, analogous

to the paunch of the ruminants, into which the

food, without any previous alteration, is re-

ceived from the (esophagus, and where it is

macerated in the usual manner by the conjoined

action of heat and moisture.

The gizzard is of much smaller dimensions

tlian the crop, composed of four muscles, two

of which are of a flattened form and of very

dense texture, lined internally with a firm cal-

lous membrane, and capable of an extremely

powerful action. These constitute the main

part of the parietes, the two otiier muscles being

much smaller, and situated at the extremities,

serving, as it would appear, merely to com-
plete the cavity.* The gizzard is so connected

with the crop, that the food, after due macera-

tion, is allowed to pass by small successive

fwrtions between the two larger muscles ; by
ilieir contraction they are moved laterally and
obliquely ujxjn each other, so tliat whatever is

placed between them is completely tritiirated.

The force of these muscles, as well as the

impenetrability of their investing membrane, is

almost inconceivably great, so that, according

to the experiments of Spallaiizani and others,

not only are the hardest kinds of seeds and
grains reduced to a perfect pulp, but even

pieces of glass, sharp metallic instruments,

and mineral substances, are broken down or

flattened, while the part still remains unin-
jured .f The action of both the crop and the

gizzard must be regarded as at least essentially

mechanical, mainly adapted for the purposes
of maceration and trituration, and as compen-
sating for the saliva and teeth of man and the
greatest part of the mammalia. We aie able
in this case to observe the connexion between
the habits of the animals and the peculiarities

of their organs more clearly than with regard
to the ruminants, for we can always perceive
an intimate relation between the food of the
different kinds of birds and the structure of
their stomach.

II. Anaccount ofthenulureof the substances
usually empht/ed us food.—AH the articles that
are employed in diet may be arranged under
the two primary divisions of animal and vege-
table, according to the source whence they are
derived. Those in which the distinctive cha-
racters are the most strongly marked differ both
in their proximate principles and their ultimate
elemenU.although m this, as in most other cases,
there are many intermediate shades. The ulti-
mate elements of vegetables are oxygen, hy-
drogen, and carbon, to which, in some cases,
a i)ortion of nitrogen is added. Animal sub-
stances contain all these four ingredients, the
carbon being in less quantity than in vege-

• Grew, ubi supra, p. 34 ; Bluinenbach, ubi
supra, ([99; Pcycr, Anat. Vcntr. Gall., in Man-
gel, Bibl. Annt. t. i. p. 172; Hunter on the Ani-

i"o«->**''°"°"'y'
'' ^^-^'^ ^'''". in ''liil- 'l''ans. for

1807, pi. 5, lis;. 1 ; Home's l^ct. v. ii. pi. 49, b2 •

and the art. AvEs.
1 Spallanzani, Diascrt. i. ^ 5 . . 8, ami 10. . 22 •

see also Acad, del Ciincmo, p. 268,9 ; liorelli De
molu anim. t. ii. prop. 189; Redi, Kspurirnse, p. 89
ci scq. ; Grew, cli. 8 ; the an. " Birds" in Rpcs ;and " Aves by Mr. Owen, in the present work.

tables, while the hydrogen, and still more the

nitrogen, are generally in much greater quan-
tity. There are various circumstances which
seem to prove that either species of diet is

alone compeleiit to the supportof life, although
each of them is more especially adapted to

certain classes of animals. This, it is pro-

bable, depends both upon the chemical and
the mechanical nature of the substances in

question, but perhaps more upon the latter

than the former, for we tind that the processes
of cookery, which act principally upon mecha-
nical principles, render various substances per-
fectly digestible, which the stomach could not
act upon before they had undergone these
operations. We also find that animals, which,
in their natural state, have the strongest in-

stinctive predilection for certain kinds of food,
may, by a gradual training and the necessary
preparation of the articles employed, have their

habits entirely changed, without their health
being in any degree affected.

There is, however, a circumstance in the
structure of the animal, which clearly points
out a natural provision for the reception of one
species of food in preference to the other, viz.

the comparative capacity of the digestive or-
gans. It may be concluded that, in all cases,
the aliment must undergo a certain change
before it can serve for the purpose of nutrition,
and that this change will occupy a greater
length of time, and that a greater bulk of
materials will be requisite, according as the
nature of the food received into the stomach is

more or less different from the substance into
which it is to be afterwards reduced. Hence,
as a very general rule, we find that the diges-
tive organs of carnivorous animals are less

capacious than those of the herbivorous, and
that even in the latter there is a considerable
difference, according as the food consists of
seeds and fruits or of the leaves and stems of
plants.

There are indeed certain circumstances in the
habits of some of the carnivora which require
organs of considerable cai)acity, as, for ex-
ample, those beasts of prey who take their
food at long intervals, being supplied, as it

were, in an occasional or incidental manner,
so that it becomes necessary for them to lay up
a considerable store of materials, and to take
advantage of any opportunity which presents
itself of replenishing the stomach. The anato-
tnical structure of the human digestive organs
indicates that man was intended by nature for
a mixed diet of animal and vegetable aliment,
but with a preponderance towards the latter ;*

and it appears in fact that, while a suitable
combination of the two seems the most condu-
cive to his heallli, and to the due performance
of all his functions, either species is alone
competent to his growth and nutrition.f

• Cavier, Ucgne Animal, t. i. p. 86; Laurence's
I-ect. p. 217 et seq. ; sec also the elaborate dis-
sertation of Kichter, I)c victus animalis antiq. &c.

t Hallcr. El. Phys. xix. 3. 2 . . 4 ; these sections
contain a very full account of the difTcrcnt kinds of
ilict employed by dilTerent nations or individuals.
We have a number of curious facts of this kind in
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The most important of llie proximate pr'n-

ciplcs cmploywl in diet arc iil)riii, albiiiiit'ii,

oil, jelly, gluten, mucilage, farina, and sugjir,

to whicii may he added some others of less

frequent occurrence. Tliey are derived, moie
or les.s, from almost all the classes of animals

and vegetables, and from nearly all their indi-

vidual parts, their employment l)ein!; regulated,

in most cases, rather ny the facility wilh which
they are procured, and reduced into a form profier

to be acted upon by the stomach, than by the

quantity of nutritive matter which they con-

tain. This is one of those subjects in which
we have to notice the remarkable ell'ects of

habit and custom, both on the functions and
tlie scnsiitions. VVe find whole tribes of people

livinj; on a diet, which, to those unaccustomed
to it, would be not only in the highest degree

unpalatable, but likewise altogether indiges-

tible ; while, by the various modes of preparing

food, which have been suggested, either by
luxury or by necessity, the most intractable

substances are reduced into a digestible state.*

The writers on dietetics have attempted to

include all substances that are competent to

aflbrd nutrition under a few general principles,

of which, as they exist in nature, they are

supposed to be composed. CuUen, who may
be considered as the first who attempted to in-

troduce correct philosophical principles into

tliis department of physiology, reduced them
to two, the oily and the saccharine, and endea-

voured to prove tliat all the animal fluids may
be referred to these principles.f Magendie,

on the contrary, proceeding less upon their

chemical composition than upon the forms

under which they present themselves, classes

alimentary substances under the nine heads of

farinaceous, mucilaginous, saccharine, acidu-

lous, oily, caseous, gelatinous, albuminous,

and fibrinous.^ Dr. Prout, whose views on
this subject are marked by his characteristic

acuteness, reverts to the mode of Cullen, ad-

mitting only of the oily, the saccharine, and
the albuminous principles, which three, he
conceives, form the " groundwork of all orga-

nized bodies."§

Uf animal compounds which are employed

Stark's works, p. 94, 5; sec also Lorry, Sur Ics ali-

mriis
-J

PU-nk, Itromatologia ; Sirminniing, Cf)rp.

hum. fab. p. 241,250; Richcrand, El. Hliys. $ 3.

p. 83 ; Parr's Diet. art. Aliment; Pearson's Syn-
opsis, part i. ; Lawrence's Lect. p. 201, 9 ; 1'hack-

rah's 2d Lrct, on Diet, p. 54 eC scq. ; Paris
on Diet ; Hogct's Bridgewater Treatise, part 2,

ch. 3, S 1.

• Klliotson's Physiol, p. 6S, 6 ; Rogei, part 2,
eh. 3, § 1.

t Physiol. § 211, and Mat. Med. v. i. p. 1, ch.

1, p. 218 etscq.

X Physiol, t. ii. p. 3, 4; see also Fordyce on Di-

fcstion, p. 84 ct scq. ; Paris on Diet, part 2, p.
17 et seq. ; Richcrand, Kl. Physiol. ^ 3, p. 8'i;

Dumas, Physiol, t. i. p. 187 ; Davy's Lect. on Agric.

Chem. p. TS et seq. ; Londe, Diet, de Med. et

dc Chir, art. " Aliment," t. ii. p. 1 ct seq ; Ro«-
tan. Diet, de Med. art. " Aliment," t. i. p. 623
etscq.; Kullicr, Ibid. Art. "Nutrition," t. xv.
p. Itil ct seq. ; KcUic, in Brewster's Encyc. Art,
" Aliment."

§ Abstract of his Gulstonian Lecture, p. S, 9.

in diet milk may 1>e rtT^nrded as holding the first

place, lK>tli finm its niilrilive and ils digestible

properties, and as such it has no iloubt been
provided by nature for the newly-t)orn animal,
v»hen It re(piires a tliel, whicli may be adapted
to the delicacy of its oralis m its novel stale

of existence, while, at the same time, it pro-
vides for its nipid growth. We accordingly
find that the three principles mentionerl above
are combined in milk in a manner the most
proper for this double purpose, and that there

is no compound, either natural or artificial,

which is equally well suited to it.* Next to

milk, with respect to its nutritive properties,

we may class eggs of various kinds, tlie mus-
cular fibre of animals, and their gelatinous and
albuminous parts, very few of which, how-
ever, are employed in diet until they have
undergone tlie various operations of cookery.
Of these operations the most important in their

dietetical effect is the formation of decoctions
or infusions, constituting soups of all descrip-
tions, in which we retain the more soluble,
and, for the most part, the more nutritive matter,
while the residue is rejected. Tlie fish which
are usually employed in diet consist of a much
greater projiortion of jelly and albumen than
the flesh of the mammalia and of birds; these
principles are united, in most cases, with a con-
siderable quantity of oil.

The most nutritive of the vegetable proximate
principles is gluten ; it forms a considerable
proportion of certain kinds of seeds, and more
es[>ecially of wheat, and we accordingly find

that in all those countries which admit of the
growth of this plant, and which have arrived
at any considerable degree of civilization,

wheaten bread forms the most important article

of vegetable diet, and one which appears the
best adapted for all ages and all constitutions.

Next to gluten we may rank farina, both fi-om

its valuable properties and from the extent to
which it is employed. It enters largely into
the composition of wheat and of the other
seeds of the cerealia, also of rice and maize,
while it constitutes a great proportion of the
whole substance of the leguminous seeds and
of tubers. It also forms the principal in-

gredient of the chesnut, and of tlie esculent
algae, so that, upon the whole, we may con-
sider it as entering more largely into the aliment
of mankind, in all different climates and situa-

tions, than any other vegetable compound.
Perhaps there is no proximate principle

which contains in the same bulk a larger pro-
portion of nutritive matter than oil, and we
accordingly find that oil, as derived either from
the animal or vegetable kingdom, enters largely

into the diet of all nations. Hut it affords an
example of one of those articles, which, al-

though highly nutritious, is not very digestible
without a due admixture of other substances,
which may in some way render it more proper
for the action of the gastric juice f It may

• Prout, nt supra, p. 12.

t It is upon this principle, rather than to the ab-
sence of azoic, that we should be disposed to account
for the results of Magendic's expcrimcnta, in which
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indeed be received as a very general rule that a

certain quantity of matter, wliich in itself

contains but a small projiortion of the princi-

ples which immediately serve for nutrition, is

necessary for the due performance of the func-

tions of the stomach, probably in some degree

for the purpose of mere dilution or mechanical

division. The same remark applies to sugar

as to oil. Sugar would appear to be one of

tlie most nutritive of the proximate principles,

but when taken alone or in too great quantity

it deranges the digestive organs, and becomes
incapable of supporting life.*

The difference in the different kinds of ali-

ment between their capacity of affording the

materials from which chyme may be produced,
and the facility with which they are acted upon
by the stomach, or in ordinary language, be-

tween their nutritive and their digestible quality,

has been distinctly recognized by various phy-
siologistSjf although it has not always been
sufficiently attended to. We have some strik-

ing illustrations of the fact in a series of expe-
riments which were performed by Goss,| and
in those of Stark,§ where the digestibility and
the nutrition of various species of aliment bore
no relation to each other, while they afford the
most decisive proof of the advantage, or rather

the necessity, of a mixture of substances, in

order to produce the compound which is the
best adapted for the action of the stomach.
We have referred above to the difference in

the digestive powers of the stomachs of diffe-

rent classes of animals as depending on their

peculiar organization. In many instances the
difference is so strongly marked as to leave no
doubt either as to its existence or as to the
cause by which it is directly produced. But
there are many cases where we observe the
effect without being able to assign any imme-
diate cause for it ; where subsUinces, which are
highly nutritive and perfectly salutary to certain
individuals, are apparently incapable of being
digested by others. After making all due al-
lowance for the effects of habit, association,
or even caprice, there still appears sufficient
ground for concluding that there are original
differences in the powers of the stomach, which
cannot be assigned to any more general prin-
ciple. This observation applies principally to
the individuals of the , human species, where
such variations, or, as they have been termed,
idiosyncrasies, of all descriptions are much
more apparent than in any other kind of ani-
mals. All other animals, even those which
the most nearly resemble the human species
are much more uniform in this respect, being
guided in the choice of their food principally
by Uiat instinctive feeling which leads them

he found that animals conld not be fed upon pure
ngar, oil, or gum ; Physiol, t. ii. p. 390, and Ann.
tbim. ct Phv.. t. iii. p. 66 et seq.; see Bos-
tock's Physiol, v. ii. p. 467, 8

L"''"f;*^'.->
'''>".''" ^- '2; Stark's Works,

p. Hi et ahbi; Pearson s Synopsis, p. 104, 5
* Adelon et Chaussier, Diet. Sc. Med." Art
Digestion, t. in.

n cx«f'"cj"''
*°' '* '^'K®"'""' P" Senebicr,

i Works, p. 89 et scq.

to select the substances which are the best

adapted for their organs. But even here we
meet with ceitain peculiarities, where animals
prefer certain kinds of aliment, and where
there is no obvious anatomical or physiological

cause which can explain the effect. This,

however, we may regard as an exception to the

general rule, for there is perhaps no one of the

functions in which we are enabled more clearly

to trace the adaptation of the organ to the struc-

ture and habits of the animal, than in what
respects the supply of nutrition, including the

mode of procuring the food, and the whole of
the series of changes which it experiences from
the digestive organs.*

Liquids of various kinds constitute an im-
portant part of the diet of almost all indivi-

duals. They may be arranged under the two
divisions of those liquids which we employ
merely for the purpose of quenching thirst, or
diluting our solid food, or such as are made
the vehicles of nutriment, including various
kinds of decoctions and infusions. The latter

are derived both from the animal and the vege-
table kingdoms, and when duly prepared form
a sjiecies of food, which, as containing the
most soluble and the most sapid portions, is,

in most cases, both highly nutritive and diges-
tible. But we observe here the same kind of
idiosyncrasy to which we referred above, and
which it frequently becomes necessary to attend
to in the directions that are given respecting
diet, and more especially to invalids and to

children.

The liquids that are employed for the pur-
jjose of quenching thirst, which are more pro-
perly styled drinks, may be arranged under the
two heads of vegetable infusions or decoctions
and fermented liquors. Of the former a great
variety have been employed in different coun-
tries and at different periods, but in Europe,
almost the only kinds which are in common
use are tea and coffee. These cannot be con-
sidered as in themselves affording any nourish-
ment, but they are generally employed with the
addition of some nutritive substance, and if not
taken in excess, would appear to promote
digestion, and to exercise a favourable influence
on the system at large.

It has been observed that all tribes of people
that have made the least advances in the arts
of life, either by accidental observation or by
tradition, have become acquainted with the
process of fermentation, and have indulged in
the use of certain species of vinous liquors.
The making of wine is among the first transac-
tions that are recorded of Noah after he left the
ark, and the experiment which he made of its

effects has been but too frequently repeated by
his progeny. The basis of all vinous liquors
being the saccharine principle, the grape has
been naturally had recourse to in all those parts
of the world which are adapted to the growth
of the vine; in the more northern regions, as
in our own island, different species of grains
are employed, in which the sugar is evolved by
an artificial process, while in the torrid zone,

• Bostock's Physiol, v. ii. p. 469, 70.
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other saccharine juicos, procured from certain

tropical plants, are employed for tlio same pur-

pose. The fermented liquors of our own coun-

try generally contain a considerable quantity of

mucilaginous and saccharine matter, which still

remains undecomposed, and which is directly

nutritive ; but fully fermented wines are only

indirectly so, as aiding the digestive powers
by their stimulating effect on the stomach.

It is generally admitted, that the operation

of alcohol, when properly diluted, and when
taken in moderate quantity, is favourable to the

health of most individuals who are engaged in

laborious pursuits, and have occasion to exert

the full powers of the system. Hut the almost
irresistible temptation to excess, and the fetal

consequences which thence en.sue, both to our

Ehysical and our mental constitution, have long

een the subject of deep regret and severe re-

prehension, both to the physician and the mo-
ralist, and it may be asserted, that of all the

gifi-s which providence has bestowed on the

Imman race, there is none which, according to

the present state of society, would appear of

such dubious advantage as the knowledge of

the process by which one of the most nutritive

articles of diet is converted into one of the

deadliest poisons.

We have now to notice a class of substances

very generally employed in diet, which are not
in themselves nutritive, but are added to our
food, for the purpose of rendering il more agree-

able to the palate. These are the various arti-

cles styled condiments; they may be cla.ssed

under the two heads of salts and spices. There
is so very general a disposition among all classes

of people in all countries to relish sapid food,

that we are led to conceive that there must be
some final cause for it, independent of the mere
gratification of the senses, or that this gratifica-

tion is made subservient to some more import-

ant purpose. With respect to what is termed
conuHon salt, the muriate of soda, we observe,

in many cases, the same relish for it among the

lower animals as in man. We have well au-
thenticated accounts given us, by various tra-

vellers and naturalists, of the extraordinary

efforts which are made by the beasts of prey
which inhabit the great African and American
continents, to obtain it.* We can scarcely

therefore doubt that it must be, in some way or

otlier, essential to the well-being of the animal

;

but whether it directly promotes the process of
chymification, or whetner it be taken into the

stomach, for the purpose of being transmitted

to the blood, and thus furnishing to the system
the portion of saline matter which is always
present in the animal fluids, must be considered
as entirely conjectural.f

The other division of condiments, the spices,

are very numerous, and are derived from vari-

ous sources, but are chiefly of vegetable origin.

They are generally of a stimulating nature, and

• Among these wc may select the account given
us by Mr. Hodgson, in his interesting Icltei's from
North America, vol. i. p. 240. 1, nolo.

t Haller, El. Phys. xix. 3, 11; Fordyce on
Digestion, p. 55.

such as may be supposed to act, in the first in-

stance, on the nervous system. Some of them
increase the action of the heart and arteries,

and some of them augment the secretions or
excretions, but they differ essentially from
alcohol, in not producing any thing resembling

intoxication and the suKequent exhaustion.

Thus they are much less injurious to the con-
stitution, even when taken to excess, and are

seldom liable to any stronger imputation than

that of being useless. They afford some of the

most remarkable examples of the effect of habit

on the system, in changing or modifying our
original jierceplions, for it is very generally

found that those substances to which we be-

come, in process of time, the most attached,

are such as, in the first instance, \»ere not only
perfectly indiflerent, but even positively dis-

gusting.

Uefore we quit this part of the subject it

remains for us to say a fiw words respecting

the class of substances which are properly

termed medicaments. The medicaments are

nearly related to the condiments in their action

on the system, but with this difference, that

they are not only disagreeable to the palate, but
arc, for the most part, incapable of being re-

conciled to it by habit. But there is in fact

no exact line of demarcation between them

;

many of the articles which are usually consi-

dered as condiments, being not unfrequently

used in medicine, and some of what are gene-
rally regarded as the most active and nauseous
medicines, being employed by some individuals

as agreeable condiments. Both these classes

of substances appear to difier in one essential

particular from what are more properly re-

garded as articles of diet, that while it is essen-

tial to the operation of the latter, that tliey

should be decomposed, and probably resolved

into their constituent elements, the specific

effect of the former seems to depend upon their

acting on the stomach in their entire state.

Nearly connected to this class of substances,

and indeed differing from it only in degree, are

the articles that are usually termed poisons.

The term may, however, be regarded as entirely

a popular designation, for as there is no active

medicine which may not immediately destroy

life by an excessive or improper administra-

tion, so there are no substances, among those

which are usually considered as poisonous,which
may not, under certain circumststnces, prove

valuable medical agents.

III. An account of Ihe changes which the

food experiences in the process of digestion.—
\\'e now proceed to the consideration of the

third subject which we proposed for our in-

quiry, the nature of the change which the food

undergoes during the process of digestion. In
prosecuting this inquiry we shall consider in

succession the various processes by which the

aliment, after being received into the mouth, is

brought into the state of chyle. Tliese changes

may be reduced essentially to three ; the me-
chanical division of the food, as effected by the

operations of maceration, mastication, and tri-

turation; the conversion of the alimentary mass
into chyme, by the action of the gastric juice;
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and lastly, the conversion of chyme into chyle

in the iluodcimm.''

After the account wliich wo have given above

of the organs of mastication, nothing further

remains for us to say on the first part of tlie

process; we may therefore conceive that tlie

food, after it has been racchaniciUy divided by

means of the teeth or any analogous organ, is

conveyed to the stomach, in order to be acted

on by the gastric juice and converted into

chyme.f Tlie process of chymification consists

in a cert;iin chemical change, by which the

aliment, from whatever source it may have been

derived, and whatever may have been its origi-

nal constitution, is converted into a uniform

pultaceous mass, having certain specific pro-

perties, which are difTeient from those of the

substances from which it is formed.

And we may here observe, tliat this kind of

change, which ha.s been frequently spoken of

as something of a mysterious or inexplicable

nature, is perfectly analogous to what takes

place in all chemical action, where the addition

of a new agent imparts new properties to the

mixture. The supposed difficulty in this case

has arisen from an mdistmct conception in the

minds of many physiologists, both of the nature

of chemical action generally, and of the appro-

priate powers which belong to a living orga-

nized system. The essential and exclusive

functions of vitality may probably be all re-

duced to two great principles of sensation and
motion, as depending primarily upon the action

of the nerves and the muscles. Chemical affi-

nity is independent of these principles, but it

is, in various ways, modified by their operation,

by bringing the agents into contact, by separa-

ting them from each other, and thus enabling

them to produce new compounds, and when
the compounds are formed, by removing them
from the further action of the agents, and by
conveying them to the situations when they are

required, for the exercise of some new function.

In the present case the glands of the stomach
secrete a fluid possessed of specific properties

;

by the act of deglutition, and by the muscular
contraction of the stomach itself, the alimentary
mass is conveyed to the part where it may be
brought into contact and mixed with this fluid.

Each portion of the aliment is successively

subjected to the due action of this agent, and
when the process is completed, it is carried

through the pylorus out of the stomach, while
a new portion of aliment takes its place and
goes through the same process.

In this part of our subject there are two

• See on this subject Magcudie, Physiol, t. ii,

p. 81, 2; Dr. Prout's paper in Ann. Phil. vol. xiii

and xiv. and Dr. Philip's Inquiry, ch. vii. sect. 1.

t It is necessary to remark in this place, that
most of the older physiologists, and some even of a
later period, liavc employed the terms chyme and
chyle indiscriminately, or at least have not made
any accurate distinction between them. The words
XuXoc and j^u^oc appear to be nearly synonymous in
their original acceptation ; see Castelli, Lexicon,
and Stephens, Thes. in loco. The latest physiolo-
gists have, however, for the most part, employed
the two terms in the restricted sense which is
adopted in this article.

))oint» whioli will require our particular atten-

tion ; first, we must ascertain the properties of

chyme, and secondly, those of the gastric juice.

It is commonly stated, that from whatever

source the chyme is derived, provided the

stomach be in a healthy state, its properties are

always the same,* and it must be admitted

that, as a general principle, this would appear

to be the case. In animals of the same species,

notwithstanding the miscellaneous nature of tha

substances that are employed in diet, the result

of the complete action of the stomach is a mass
of uniform consistence, in which the peculiar

sensible properties of the articles of food cannot

be recognized. But this statement must be re-

ceived with certain limitations, and is only ap-

plicable to the ordinary diet, for we have reason

to believe, not only that the chyme produced
from animal matter diffisrs fi-om that of vegetable

origin, but even that different species of vege-

table aliment produce a diflferent kind of
chyme. The chyme from fruits or green vege-

table matter is notoriously more disposed to

pass into the acetous fermentation than chyme
formed from farina or gluten, a circumstance

which must depend upon a difference in their

chemical constitution. We also know that the

same kind of aliment is differently acted on by
the gastric juice of different individuals; but
this may probably depend upon some variation

in the nature of the gastric juice itself, and is

therefore to be referred to a different principle.

Disregarding, however, for the present what
may appear only exceptions to the general rule,

we must inquire into the nature of the sub-

stance which is found, under ordinary circum-
stances, in the proper digestive stomach, after

it has experienced the full operation of the

gastric juice. Although many observations

have been made upon the pultaceous mass
wliich is thus produced, our information re-

specting it is not very precise ; we are told

little more than that the texture, odour, and
flavour of the food employed are no longer

perceptible, and it is said to have slightly acid

properties, or rather to be disposed to pass into

the acetous fermentation. As we remarked
above, the change which the food undergoes is

to be regarded as the result of chemical action,

where not merely the mechanical texture and
the physical properties of the substance are

changed, but where it has acquired new chemi-
cal relations.

This conclusion is deduced from a number
of very interesting experiments, which were
performed successively by Reaumur, Stevens,

and Spallanzani, and which consisted in insert-

ing different kinds of alimentary matter into

perforated tubes or balls, or inclosing them in

pieces of porous cloth. These were introduced
into the stomach, and after some time were re-

moved from it and examined, when it was
found that the inclosed substances had under-
gone more or less completely the process of

chymification, while the enclosing body was

• Haller, El. Phys. xix. 4, 31 ; see the remarks
of Ticdemann and Ginelin in the third section of
their researches.
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not acted upon, thus proving decisively that

the effect was not produced by a mere mecha-
nical operation.* Tlie results of these experi-

ments have been contirnied by some remark-
able facts, wliich bear still more directly upon
the jxjint under investigation, where certain in-

dividuals have had preternatural openings made
into the stomach, either from accident or dis-

ease, while the functions of the part appear to

have been but little, if at all, impaired. By
this means the operation that is going forwards
in this organ may be minutely watched in all

Its various stages, and we are enabled to ob-
serve the change which the food undergoes
from the time that it enters the stomach until

it passes from the pylorus, and to compare the
changes which the different kinds of food ex-
perience during the progress ofthe whole mass.
A case of this kind is related by Circaud,

where an individual lived many years with a
fistulous opening into the stomach ;t but a
much more remarkable case of the same de-
scription has been lately communicated by Dr.
Ueauniont. The individual in question was
wounded, early in life, by a shot in the epigas-
tric region, which perforated the stomach.
After some time the wounded part healed,
with the exception of an aperture two and a
half inches in diameter, which communicated
with the stomach. lie lived many years in
this state, in perfect health and vigour, so as to
be capable of following a laborious occupation,
while tlie fistulous opening still remained.
Under these circumstances he was made the
subject of experiment by Dr. Beaumont, who
for the space of eight years continued his ob-
servations, with great assiduity and minuteness,
on the action of the stomach both in its ordi-
nary state, and when subjected to different con-
ditions, for the immediate purpose of the expe-
riment. VVe may remark generally, that the
results of the experiments confirm those of
Spallanz.ini in their most essential particulars,

and at tlie same time enable us to decide upon
some points which were left imperfect by that

natural ist.|

Among the more important points respecting
the formation of chyme, which appear to be
confirmed by the experiments of Dr. Beau-
mont, are the following; that the different

kinds of aliment all require to undergo the
same process, by means of the gastric fluid,

iu order to be reduced into chyme ; that the
rapidity of the process differs considerably
according to the delicacy of their natural tex-

ture or the degree of their mechanical division

;

that the saliva is of no specific use in the con-
version of aliment into chyme; that animal
substances are more easily converted into
chyme than vegetables; and that oily sub-
stances, although they contain a large quantity

• Reaumur, Med. Acad, pour 1752, p. 266 et seq.
and p. 461 ei seq. ; Stevens, De Alim. Concoct,
cap. xii. ex. 1 ... 9 and 11 ... 23; Spallanzani,
Kxp6r. sur la Digest, passim; Blumenbach, Inst.
Physiol. §358,9; Monro(Tert.) Klera. v. i. p. 532.

t Journ. de Phjrs. t. liii. p. 156, 7.

} Beaumont on the Gastric Juice and on Diget-
tiou, sect. 1, 5*

VOL. II.

of nutriment, are comparatively difficult of

digestion.*

We must next inquire into the physical and
chemical properties of tlie ga.stric juice, the

fluid secreted from tlie interior of the stomach,

by which the change in the aliment, that we
have been describing, is produced. Since the

publication of Reaumur's experiments, about

the middle of the last century, the general

opinion among physiologists and chemists has

been, that the gastric juice possesses specific

pro|)erties, which enable it to dissolve or com-
bine with the aliment; and many experiments

have been performed for the pur|X)se of ascer-

taining the chemical nature of the secretion,

so as to account for the powerful action which
it appears to possess over such a great variety

of substances. Besides the more general ac-

count which we have of the gastric juice by
Boerhaave, Haller, and Reaumur,t it was made
the subject of an elaborate series of expe-

riments by Spallanzani ;J it was also analyzed

by Scopoli§ and by Carminati,|| and has been
lately examined by Dr. Prout,5[ and by MM.
Tiedemann and Gmelin.** The result is, upon
the whole, rather unsatisfactory, or at least it

may be said, that nothing has been detected

in the fluid, which seems to account for or

explain the powerful action which it exercises

on the alimentary substances subjected to its

influence.tt All that we learn is, that the

gastric juice contains certain saline substances

in small quantity, more especially the muriate

of soda, in common with the other animal

fluids, but that it does not differ essentially,

in its chemical properties, from saliva, or from
the secretions of mucous membranes gene-

rally. Dr. Prout indeed informs us, that a

quantity of muriatic acid is always present in

the stomach during digestion ;JJ but as there

does not seem to be any decisive evidence of its

appearance previously to the introduction of
the food into the stomach, we ought probably

rather to consider it as developed by the pro-

cess of digestion, than as entering into the

constitution of the gastric juice; nor indeed,

if it were so, are we able to explain the mode
in which it operates in converting aliment into

chyme.§§ This apparent diflSculty in account-

ing for the mode in which chyme is formed by
the gastric juice, and. die supposed inadequacy

• Beaumont, page 275 . . 8 et alibi,

t Boerhaave, Prielect. § 77 et seq. ; Uallcr, El,
Phys. xix. I. 15. et 4. 20; Reaumur, Mem. Acad,
pour 1752, p. 480, 495.

t Vl iupra, § 81 et seq. 145, 185, 192.

i In Spallanzani, § 244.

11 Jour. Phys. t. xxiv. p. 168 et seq.

tT Ann. Phil. v. xiii. p. 13.
** Rechcrches sur la Digestion, trad, par Jour-

dan.

tt Henry's Chem. v. ii. p. 410, 1.

Jt Phil. Trans, for 1824, p. 45 et seq.

$5 The presence of acid in the stomach, in iu

healthy state, has been made the subject of in-

quiry by many experimentalists, and of much con-

troversy ; the result is that the older physiologisU

generally denied its existence, except in morbid

states of the stomach, while many of the most

eminent modern physiologists believe it to be

always present, and indeed regard it as an cssea-

c
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of the agent to ibis purpose, has led to many
singular theoretical opinions, which will be

noticed in a subsequent part of this article.*

But in whatever way, or upon whatever

principle we may explain the action of the

gastric fluid upon the aliment, we are irre-

sistibly led to the conclusion, that it is the

))liysical agent which produces the effect, not

only from those cases, where in consequence

of a preternatural opening into the stomach

we are able to observe the actual phenomena
of digestion, but still more so, by the expe-

riments on what has been termed artificial di-

gestion, especially those of Spallanzani and
Beaumont, where the gastric juice has been

procured, and applied out of the stomach,

and where the process of chymification has

proceeded, as iitarly resembling that in the

stomach itself as might reasonably be ex-

pected, considering the unavoidable imper-

fection of the experiment. Tliis imperfection

rcs])ects both the mode of obtaining the gastric

juice itself, and the mode of applying it to

the aliment. We reduce the action of the

stomach into somewhat of an unnatural con-

dition in order to procure the secretion, and
in the application of it we are deprived of the

contractile motion of the organ
;

yet, not-

withstanding these unavoidable circumstances,

the substances were reduced to a state very

considerably resembling that of chyme. That
this change was not produced by a mere me-
chanical action is proved by the circumstance,
that tlie change in the substances operated on
bore no proixjrfion to the hardness of their

texture or other physical properties. Thus we
find that the gastric fluid acts upon dense
membrane, and in some cases, even upon
bone, while there are other substances, of a
very delicate texture, which are not affected

by it. This kind of selection of certain sub-
stances in preference to others bears so close
an analogy to the operation of chemical affinity,

that we ought not to refuse our assent to the
idea of their belonging to the same class of

tial agcnl in the process. From the first part of
this remark we must, however, except Vanhclmont
and Willis ; Onus Med. p. 164 . .7 et alibi ; De
Ferment, op. t. i. p. 25. See Hallcr in Bocihaave,
Pra:lect. not. ad ^ 77, and El. Phys. xi.t. 1. 1,5

f^iJ- ^J Fo"iyee, p. 1.50, 1 ; Spallanzani'
« 239 .

. 245 ; Hunter, p. 293 et seq. ; Circaud, ut
supra; Dumas, El. Phys. t. i. p.278..0; Tiede-
mann ct Gmclin, Recherclies, t. i. p. 166,
7. It may be proper to remark that Leurct and
Lassaigne do not admit of the presence of this
acid

; they, on the contrary, suppose that the
gastric juice owes its acid properties to the lactic
acid; Recherclies Physiol, et Chimiques, p. 114. 7-
Dr. Prout has, however, as we conceive, satisfac-
torily answered their objections to his experiments-
Ann. Phil. V. xii. p. 406. Dr. Carswell considers
acidity to be the essential and active piopertv
of the gastric juice ; Pathol. Anal. fas. 5.

• Montegrc has lately performed a series of ex-
periments, the results of which lead him to denv
the specific action of the gastric juice ; Kxper. sur
la Digestion, p. 43, 4. Uul, notwiihstanding theapparent accuiacy with which they were conductedwe cannot but suspect some source of error, seeinehow much they are at v.oriancc with all our other
information on ihc subjccu

actions, although il occurs under circum-

stances where we might tiot have expected to

find it.

There are two other properties of the gastric

juice, besides its solvent power, which are at

least as dilficult to account for, but of which
we seem to have very complete evidence,—

its property of coagulating albumen, and that

of preventing putrefaction. It is the former

of these properties which we ein])loy in mak-
ing cheese, cheese being essentially the albu-

minous part of milk, coagulated by means of
what is termed rennet, a fluid consisting of the

infusion of the digestive stomach of the calf.

This is unequivocally a chemical change, yet

it is very difficult to explain it upon any clie-

mical principle, i. e. to refer this individual

case to any series of facts, with which it can
be connected.* We can only say in this

instance, as in so many others in the physical

sciences, that although the fact is clearly

ascertained, its efficient cause still remains
doubtful.

We are compelled to make the same re-

mark with regard to the other property of the

gastric juice, to which we have referred above,

its antiseptic power. Of the fact, however,
we are well assured, both as occurring in the

natural process of digestion, and in the expe-
riments that have been made out of the body.
It is not uncommon for carnivorous animals
to take their food in a half putrid state, when
it is found that the first action of the gastric

juice is to remove the foetor; and an effect of
precisely the same kind was noticed by Spal-
lanzani in his experimenls.f Here again we
have a chemical change, the nature of which
we cannot explain ; it is, however, a circum-
stance which may appear less remarkable, with
respect to the subject now under consideration,

because the action of antiseptics generally is

one which we find it difficult to refer to any
general principles.

Respecting the process of chymification it

only remains for us to remark, that the con-
tractile action of the stomach is admirably
fitted to aid the chemical action of the secreted

fluids ; the vermicular motion of the oi-gan has
the effect of keeping the whole of its contents

in a gradual state of progression from the

cardia to the pylorus, while, at the same time,
each individual portion of the aliment is com-
pletely mixed together, and brought into the

* This difficulty appears to be increased by the
amount of effect which is produced by the very
small quantity of the agent ; Fordyce informs us,
that a very few grains of the inner coat of the
stomach, a very small proportion of which must
have consisted of the secretion, was capable, when
infused in water, of coagulating more than one
hundred parts of milk

; p. 57,9; 176 ct seq.;
Piout, Ann. Phil. v. xiii. p. 13 et seq.

t Expcr. § 250..2 et alibi ; see also Hunter on the
Anim. OJcon. p. 204. iMontcgre does not admit
of this property, and would appear to doubt also
of the coagulating power of the gastric juice, p. 21
et alibi ; the same opinion is also maintained by
Dr. Thackrah, lect. p. 14 ; but it would require a
very powerful series of negative facts to controvert
the strong evidence that we possess ou this
subject.
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proper state for being received into the duode-
iiuiD. Hie undulalory motion of tlie stomach
is more especially effected by tlie circular fibres,

while the longitudinal fibres are more effective

in the jirogressive motion of its contents from
the cardia to the pylorus.

The alimentiiry mass is now to undergo the

last of the three clianges to which we referred

above, its conversion from chyine into chyle.

These substances are obviously different from
each other in their sensible properties, but
respecting the exact nature of this difference,

the change which they experience, or the mode
in which it is produced, we have little certain

information. The fact appears to be, that as
soon as the uniform pultaceous mass, which
composes the chyme, enters tlie duodenum,
it begins to separate into two parts, a white
creamy substance, which constitutes the chyle,
and a residuary mass, which is gradually con-
verted into fseces, and is propelled along the
course of the intestine, in order to be finally

expelled from the system.* Although no point
in physiology appears to be more clearly as-
certained than tliat chyle, properly so called,

is never found in the stomach, and that the
duodenum is the appropriate organ for its pro-
duction, yet owing partly to the inaccurate
mode in which the terms have been employed,
and partly to the inaccuracy of our obser-
vation, some writers, even in our own times,t
have spoken of chyle as being formed in the
stomach, and have conceived that tlie only
change which was effected in the duodenum
was the separation of the chyle from the re-

mainder of the mass.

I

With respect to the mode in which this

change is brought about, or the agent by which
it is effected, we have little to offer except con-
jecture. The secretions of the liver and the
pancreas are, each of them, conveyed into the
duodenum, and it has been stated that the
completion of the chyle takes place exactly at

the part where the bile and the pancreatic juice

enter into tlie intestines. Of^this, however,
we do not possess any direct evidence, and
the fact, tliat in certain cases of disease or mal-
formation, the process of chylification has gone
on, nearly in its ordinary course, although tlie

fluids in question have not been transmitted

into the intestiue,§ appears to funiish a de-

• Prout, ut supra, v. xiii. p. 12 et alibi. The
difference bclwcen cliyme nnd chyle, an well as the
different organs in which lliey are elaborated, was
well known to some of the older writers, although
not acknowledged ; sec Junclter, Conspcct. Physiol,
tab. II et 25; Vanhclmont, Onus Med. p. 167, 8,
and Baglivi, Diss. 3. circa bikm.

t Home, in Phil. Trans, for 1807, p. 88, 9.

} On this subject the reader is referred to the
following works : Boerhaave, Pralect. ^ 90 . . 5

;

Halier. ibid, in nolis, Prim. Lin. § 635 . . 8 et alibi,

and El. Phys. xviii. 4. 24, 31 et jxiv. 2. 1 ; Hunter,
Auim. (Econ. p. 213 ; Fordyce.ut supra, passim

;

Bell's .4nat. v. iv. p. 65 et seq. ; Monro's (Tert.)
Klem. v. i. p. 552; Richerand, El. Physiol. § 11,

$ The experiments of Sir B. Brodie, in which
the formation of chyle appears to have been sus-
pended by tying the biliary duct, although iule-

cisive objection to the hypothesis. Some phy-
siologists have conceived that the duodenum
itself secretes a specific ffuid, analogous to

that in the stomach, by which the process of

chylification is effected; but we have no evi-

dence of the existence of this fluid, except the

supposed necessity to explain the effects that

are produced. In this deficiency of direct evi-

dence we appear to be reduced to the sup-
position, that the conversion of chyme into

chyle is effected partly by the mutual action

of its constituent elements on each other, aided

perhaps, in some degree, by the intervention

of the bile and tlie pancreatic juice.*

We have various analyses of chyle, which
appear to have been made with sufficient accu-

racy. It is a white opaque substance, re-

sembling cream in its appearance and phy-
sical properties. When removed fi-om the

body, it shows a tendency to concrete and
undergoes a change considerably resembling

the coagulation of the blood, by which it se-

parates into two parts, a dense white coagulum,
and a transparent colourless fluid, analogous

respectively to crassamentum and to serum.

The cliemical properties of chyle appear very

similar to those of the blood, and it also re-

sembles blood in the nature of its saline con-

tents; but it differs from it in containing a
portion of oil as one of its essential consti-

tuents, while in the blood oil is only an occa-

sional, and probably a morbid ingredient.f

Tlie chemical analysis of chyle was first

made by Vauquelin, who employed for this

purpose the contents of the thoracic duct and
large lacteals of a horse. The coagulum from
the duct was observed to be of a light pink
colour, while the corresponding part from the

lacteals was nearly white ; but it is not ascer-

tained how far this difference of colour de-
pended upon an accidental occurrence, or

whether it is to be regarded as a uniform cir-

cumstance. Tlie coagulum contained a sub-

stance which bore a considerable resemblance

to fibrine, or perhaia more correctly possessed

properties intermeaiate between fibrine and
albumen. Tlie liquid part of the chyle was
found to be very similar to the serum of the

blood, differing from it only in containing a
quantity of an oily or fatty substance; like

serum it exhibited marks of an uiicombined

alcali.J

resting and important, cannot be regarded as con-

clusive, until we are more minutely informed of

every circumstance connected with them ; Quart.
Jouru. v. xiv. p. 341 et seq.

• Dr. Prout conceives, that the bile is the prin-

cipal agent in this process ; and that when it is

added to the contents of the duodenum, it separates

the chyle by a kind of precipitation ; it does not,

however, appear very clearly what is the exact

nature of the chemical action which takes place.

t Fordycc, p. 121 ; Young's Med. Lit. p. 516 ;

Dumas, t. i, p. 379 . . 1 ; Magcndie, t. ii. p.l54..B.

Some-late experiments appear indeed to prove that

a ce^t.^in quantity of an oily matter is always present

in the blood ; but the proportion in the chyle is at

least very much more considerable.

} Ann. Chim. t. Ixxxi. p. Il3ct8eq.; Ann. Phil,

v. ii. p. 220 et seq. Wc have some experiments

ou chyle by Emmert, previous to those of Vauque-
C 3
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The next experiments wliich we possess are

those of Maicet, wlio operated upon the cliyle

as procured from dogs. One main object of

his researches was to ascertain how far chyle

of animal origin diH'ers from that from vege-

tables, and he had the food of the dogs regu-

lated accordingly. His results with regard to

the general nature and properties of chyle cor-

respond very exactly with those of X'auquelin.

He found the coagulum to have a ])ink colour,

and to contain a fibrous or filamentous sub-

stance, while the liquid part contained a quan-

tity of an oily matter, which floated on its

surface like cream. This oily matter appeared,

however, to be confined to the animal chyle,

and it is remarked generally, that this bore

more resemblance to blood than the chyle from

vegetables. Tliey contained the same saline

ingredients, but the solid residuum of the

animal chyle was considerably greater; and

as the vegetable chyle, when submitted to

destructive distillation, was found to contain

mucli more carbon, it was inferred that the

animal chyle must have contained proportion-

ably more hydrogen and nitrogen.* Upon
these experiments we may remark, that the

diflerence between the animal and the vege-

table chyle in this case might perhaps depend
in some degree u pon vegetable food being less

adapted to the digestive organs of the dog

;

because the chyle of the horse, as examined by
Vanquelin, appeared to be more completely

animalized, although it must have been derived

from vegetable diet.

The experiments of Dr. Prout agreed gene-
rally with those of Vauquelin and Marcet

;

he found the coagulum and the fluid part

analogous to the two components of the blood,
and he likewise observed the oily matter. He
compared the chyle derived from animal, with
that fi-om vegetable food, and detected the oil

in both of them, and, upon the whole, he
found them to differ less than was supposed
by Marcet; he remarks, however, that the
latter contains more water and less albuminous
matter than the forracr.f We were likewise
indebted to Dr. Prout for an interesting ac-
count of the successive changes which the
chyle experiences, from its entrance into the
lacteals, until it is finally deposited in the
thoracic duct, its gradual conversion into
blood corresponding to the progress along the
vessels-t

While the alimentary mass passes through
the small intestines, the chyle, as it is separated
from it, is taken up by the lacteals, so that
when it arrives at the large intestines, nothing
remains but the residuary matter, vvhch is to
be discharged from the system; this consti-

lin, but they do not contain much precise informa-
tion ; Ann. Chim. t. Ixxx. p. 81 ct seq.

Med. Chir. Trans, v. vi. p. 618 et acq.
t In some late experiments which were per-

formed by MM. Macaire and F. Marcet, on the
origin of nitrogen in animals, they analyzed the
two species of chyle, and found them to be nearly
the same in their chemical composition, at espe-
cially in respect to the quantity of nitrog. *ich
they contained ; Ann. Chim. t. li. p. 371.

{ Ann. Phil. v. xiii. p.22..5. Sec also Magendie,
Phyaiol. t. ii. p. 154..8.

'

tutes what has been termed the process of

defaecation. There can be no doubt that the

principal and primary use of the large in-

testines is to serve as a depository for this

residuary mass, yet there are certain circum-

stances in their anatomical and physiological

structure, which might render it probable that

some farther purpose is served by them than

the mere retention of the faeces. Dr. Prout,

who has minutely examined the successive

changes which the contents of the intestinal

canal experience, observes that the secretions

even of the rectum still possess the property

of coagulating milk, which we noticed above

as being one of the most distinguishing cha-

racters of the digestive system, so that it would

seem that these organs, in some way or other,

still assist in the process of nutrition. We
may presume, however, that this is only a

secondary object, and that the primary use

of the large intestines is to serve as a reservoir,

in which the fiEcal mass might be retained,

in order to be evaciiated at certain intervals

only.* (See Intestinal Canal.)
Before we dismiss this part of our subject, it

may be proper to make a few remarks upon
two of the abdominal viscera, which, from their

anatomical position and their physiological rela-

tions, are generally classed among the chylopoi-

etic organs, as being supposed to contribute to

the function ofdigestion ; these are the pancreas

and the spleen. The pancreas bears a very near

resemblance to the salivary glands of the mouth
and fauces, both from its intimate structure and
from the nature of its secretions, and it has been

presumed, that it acts in the same manner upon
the aliment ;t it must, however, be admitted

that we have little but analogy or conjecture in

favour of this opinion.

The spleen is an organ which, both from its

size, its situation, and the number of blood-

vessels belonging to it, has been supposed to

serve some important purpose in the animal

economy, and from its apparent connexion with

the stomach to be, in some way, concerned in

the process of digestion. But although many

• Prout, ut supra, p. 15 . . 22 ; see also Scem-

mering, Corp. Hum. Pab. t. vi. § 241. We do not

perceive that there is any fr.undation for the hy.

pothesis of Sir E. Home, that the colon is the organ

in which the adipose matter is produced, Icct. v. i.

p. 468 et seq. and Phil. Trans, for 1821, p. 34.

Dr. O'Bcirne has lately published an essay on the

process of defajcation, to which we shall refer our

readers, as containing some new views on the

subject. We are indebted to Bcrzeliua for an ana-

lysis of the ffficcs, which appears more minute

than any that had been previously made.

t For an account of the pancreas and its secre-

tions we may refer to De Graaf, Tract. Anat. Med.
as the first correct treatise on the subject ; to Boer-

haave, Prailect. ^ 101, cum notis ; Haller, Prim.

Lin. cap. 22. and El. Phys. xxii. ; Stemmering,

Corp. Hum. Fab. t. vi. p. 142.. 8; Fordyce,

ut supra, p. 70.. 2; Blumenhach, Inst. Physiol.

$ 24 ; Sautorini, tab. 13. fig. 1. Tiedemann and

Gmelin have given us the result of their examina-

tion of the pancreatic juice, from which they con-

clude that it differs in some respects from the

saliva; Rccherches, t. i. p. 41, 2. I-curet and

Lassaigne, on the contrary, suppose these secre-

tions to be very nearly identical ; Recherchcs,

p. 49 ot seq.
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hypotlieses and conjectures have been formed
on the subject, there is none which seems to

have obtained any credit with pliysiologists, or

indeed to be entitled to much consideration.*

Tlie latest researches on the subject are those of

Home, and of Tiedemann and Gmeliii. Home
examined the structure of the spleen, and, as the

result of his investigation, informs us that it

consists entirely of a congeries of bloodvessels

and absorbents, and that there are interstices

between the vessels into which tlie blood is

effused, through certain natural orifices in the

veins, when they are much distended. The
conclusion which he forms respecting the use of
the spleen is, that it is a reservoir for any super-

fluous matter, which may exist in the stomach,

after the process of digestion is completed,
which is not carried off by tlie intestines, as

serum, lymph, globules, and mucus; that these

are conveyed to the spleen by certain communi-
cating vessels, and are removed from it, partly

by the veins and partly by the absorbents.f

The account of the structure of the spleen

which is given us by Tiedemann and Gmelin
is considerably different from that of Home.
They inform us that it essentially resembles

that of the lymphatic glands, and they conceive

that it is to be regarded as an appendage to the

lymphatic system. They suppose its specific

function to be the secretion of a fluid which is

conveyed to the thoracic duct, and being united
with the chyle, converts it into blood.J Tliere

are many circumstances which render it pro-

bable that the spleen, in some way or other,

promotes sanguification, and we have some
reason to believe, that there is an immediate
and a ready communication between its arterial

and its absorbent systems, but we conceive

that the hypothesis must still be regarded rather

as a plausible conjecture, than as a deduction
from facts.

There is moreover a circumstance which
must not be overlooked in our speculations

respecting the spleen, that we have some well

authenticated cases, where it has been either

originally wanting, or has been removed from

the body without apparent injury .§ Tliis argu-

ment cannot, however, be considered as decisive,

because it is well known, that in consequence of

the extraordinary compensating powers of the

system, certain organs may be occasionally dis-

pensed with, which, under ordinary circumstan-

• See Haller, El. Phys. lib. xxi. ; Soemmering,
t. vi. p. 149 et seq.

t Phil. Trans, for 1808, p. 46 ct scq. and p. 133
t seq., and for 1821, p. 35 et seq. pi. 3. .8.

X Wc have an ample and apparently correct ab-

stract of the memoir uf Tiedemann and GmcUn in

the £d. Med. Joum v. xviii. p. 286 ct scq. Sec
also on this subject Elliotson's Physiol, p. 108 et

seq. ; also an essay by Dr. Hod)ckm, appended to

his translation of Kdwards's physiological work.

$ llaillie's Morbid Anat., p. 2(30, I ; works, by
Wardrop, v. ii. p. 235. [Dupuytren observed an in-

creased voracity in dogs from which the spleen had
been removed.—Assolant. Dissertation du Uatc ; and
Mayo has in two instances remarked a considerable

obesity in dogs after the removal of the spleen,

but does not say whether this may not be attribu-

table to the increase in the quantity of their food.

In both instances the duration of the obesity was
for less than a year. Mayo's Pathol, vol. i.—ED,]

ces, api)ear the most essential to its existence

and welfare. We may therefore conclude with

respect to the pancreas and the spleen, that

although there is reason to suppose that they

contribute, in some way, to the function of di-

gestion, we are still unable to ascertain the pre-

cise mode in which they conduce to this end.

Before we dismiss this part of our subject, it

will be necessary to make a few observations

upon a question, which has been proixised in

relation to the digestive process, whether any

part of the aliment passes through the stomach,

and is taken up by the absorbents, without de-

composition. It is obvious that this cannot be

the case with vegetable substances of any des-

cription, and with respect to substances of ani-

mal origin, that form a part of the diet, although

they approach so much nearer to the nature of

chyle, yet it appears that tliey are not entirely

identical with it, and that they must conse-

quently be decomposed and assimilated to the

general mass, before they can serve for the pur-

poses of nutrition. Tliere are indeed certain

substances, that are received into tlie stomach,

which would appear to form exceptions to this

general principle ; these are the various saline

substances, which are found in all organized

bodies, as well as some others, which give their

appropriate odours and flavours to the food, and
also certain medical agents. There are some
salts, which appear to constitute an essential

part of the blood and other animal fluids, and
as the same salts are introduced into the sto-

mach witli the food, we may conceive that

they pass unchanged into the vessels. There

are likewise certain substances which give their

specific odour to the milk, and to other secre-

tions and excretions, proving that they likewise

pass into the circulating system without suffer-

ing decomposition, and the same is the case

with some of the medicaments.*

IV. Theory of digestion.—We now enter

upon the fourth branch of our inquiry, the mode
in which we are to explain the action of the di-

gestive organs upon the aliment. Tliis has been

one of the most fenile sources of conjecture and

speculation from the earliest jwriod, from Hip-

pocrates down to our own times, and the ques-

tion is one respecting which the greatest differ-

ence of opinion still exists among the most

intelligent physiologists f We shall not think

it necessary to notice the opinions of the older

writers, which were necessarily formed from

very insufficient data, but shall select those hy-

potheses which appear deserving of more par-

ticular attention, either as having been supported

by men of acknowledged eminence, or as

' See the remarks of Fordyce, p. 122, 3 ; the

results of the experiments that have been made on
this point are somewhat contradictory ; but upon

the whole there seems no doubt that, under certain

circumsunces, various extraneous substances may
be taken up by the absorbenta and recognized in

the blood and other fluids. See Bostock's Physiol,

v. ii. p. 569, 0, note.

t For an account of the doctrines maintained by

the earlier physiologists, the reader is referred to

the treatise of Fernei, De Concoctionibus, I'hysiot.

lib. vi. cap. 6 ; Boerhaave, Prailect. not. ad ^ 86 ;

Haller, El. Phys. x.x. 4 et 5 passim; and Blu-

mcnbach, lostit. Physiol. 5 360.
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possessing in themselves the merit of consis-

tency and probability. Tliose wliich we sliall

select are tlie Uieories of trituration, of fermen-

tation, of chemical solution, and of nervous

action, under one or other of which we may
comprehend all the most inijiortant speculations

which have engaged tlie attention of modern
physiolo<;ists.

Tlie hypothesis of trituration may be consi-

dered as having originated with the mechanical

physiologists of the seventeenth century, and
was apparently supported by the curious facts,

which were, at tliat time, more particularly

brought into view and minutely ascertained, of

the great force exercised by the muscular sto-

machs of certain tribes of birds. The facts,

although perhaps in some instances rather ex-

aggerated, were sufficiently curious, but the

deductions from them were incorrect, first, in

extending the analogy from one class of ani-

mals to other classes, where it was altogether

inapplicable; and secondly, in conceiving of
the trituration which takes place in these mus-
cular stomachs, as constituting tlie proper pro-

cess of digestion, whereas it is merely a preli-

minary process, equivalent to mastication. The
aliment, after it leaves the gizzard, is in the
same state of comminution into which it is re-

duced by the teeth of those animals that are
provided with these organs, and is then sub-
jected to tlie action of the proper digestive
stomach, and undergoes the process of chyrci-
fication. On this point the experiments of
Stevens and Spallanzani, which were referred
to above, are quite decisive ; they show clearly
how far the agency of mechanical action is in-
strumental in the process of digestion, and they
also show that some other principle is essentially
necessary for its completion.*

While the mathematical physiologists were
thus attempting to explain the theory of diges-
tion upon tl^e principles of mechanical action,
their rivals the chemists, who in every point
strenuously opposed them, brought forward
their hypothesis of fermentation. This was
originally, at least in modern times, advanced by
Vanhelmont, and was embraced by a large
part of his contemporaries and successors.f
It may indeed be considered as having been,
for some time, the prevailing theory ; a circum-
stance which WQ may astTJbe, partly to the
comiirehensive, or rather the indeterminate
sense in which tlie term was employed, and
partly from the actual phenomena attending the
process, which were more easily referable to
this operation than to any other which was then
recognized.

• For an account of the effects of trituration, as
given by some of the older

| liysiologists. the rea-
der IS more parlicniarly referred to the works of
l-iteairn, who was one of tlie most learned men of
his time; Dissert.,), 72..95; Elem.cap,v. p. 25 7 •

see also Haller, Ei. Phys. xix. 5. 1 JIal„,'
StaicalEssaj,,, V. ii. p. 174,5; Cheseldei's Anat!
&• 1 !

''"'"''}'"• "' »"I'ri. p. 124.. 138: andHicherand, I'hysiol. « 18.

" Wn, r^'n''''"'^''
*"'' ^'"^"'1" 'realise cnti.Ied

Siejtuplex Digestio alimenii hnmnni," where

^f J'J
*'"' '""^l"n.vs'icism and faUe reasoning;

formyiioa'!""^
""'" """"^' °""' '"""= "^""'"" '"

The merits, or rather the truth of this hypo-

thesis rests, in some degree, upon the defini-

tion of the term fermentation, or the mode in

which it was employed by the writers of that

period. As far as we can understand their

meaning, and perhaps we may even say, as far

as they themselves attached any definite idea

to their own expressions, they ascribed to this

process every change which the constituents of

the body undergo by their action upon each

other. Fermentation was therefore the cause

of the morbid changes which the system expe-

riences, as well as of its natural actions ; it was
equally the cause of fever and inflammation, as

of secretion and digestion ; and so far was this

theory pushed, that even muscular contraction

and nervous sensation were referred to certain

fermentative processes. As our ideas on this

subject became more correct, in consequence of

the extension of our information, our language

became more precise, llie change which cer-

tain vegetable infusions undergo in the forma-

tion of alcohol was assumed as the type of this

class of actions ; the controversy then took a
new aspect, and the question at issue was,
whether the change of aliment into chyme and
afterwards into chyle ought to be referred to

the same class of operations with that by which
sugar and mucilage are converted into alcohol.

This question we shall be more able to answer
satisfactorily when we have taken a view of the

next hypothesis, that of chemical solution.

The doctrine ofchemical solution, as applied

to the action of the stomach upon the aliment

received into it, is, in many respects, very similar

to that of fermentation, depending, as will be
seen, partly upon the definition of the terms

employed, and partly upon the minute obser-

vation of the various steps of the process. The
hypothesis owes its origin to the experiments of

Ileaumur,and was veiy much confirmed by those

of Stevens and Spallanzani, so often referred

to, and especially those of the latter experimen-
talist, where chymification was produced out of
tlie body, simply by exposing the various species

of aliment to the gastric juice obtained from
the stomach, in a proper temperature, and
under circumstances, as nearly as possible, re-

sembling those of the natural digestion.*

Making a due allowance for the unavoidable
causes of interference, the results maybe regard-

ed as satisfactory, and they clearly prove one
part of the hypothesis, that the vital operation
of the stomach consists merely in providing the

agent, and in bringing the alimentary substan-
ces within the sphere of its action. This con-
clusion is still f.irther sanctioned by the power of
the gastric juice in suspending or concrtiiig

putrefaction, and in coagulating milk, both
which properties are observed in experiments
made out of the l)ody, apparently in as great a
degree as in the stomach itself, and which can
only be referred to the chemical relations of the
substances employed. These considerations

must be allowed to be very favourable to the
hypothesis of chemical solution, but still there
are many very serious difficulties which we
have to encounter, before we can regard it as

We may remark that Ihc experiments of Dr,
Beaumont lead us to the same conclusion.
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fully eslablislieJ. Of llicso the most import-

ant is tlie objection, winch has been frequently

urged against it, and has perhaps never been

satisfactorily repelled, that it is contrary to llie

ordinary operations of chemical action for the

same agent to be able to re<luce the various

and heterogeneous matters that are taken into the

stomach into a uniform and homogeneous mass,

and this difficulty is furtlier increased, when we
perceive this powerful eflect to be produced by
a substance possessed of pro|)erties apparently

so little active as the gastric juice.*

These objections, and others of an analogous
nature, have appeared to many of the most emi-
nent modem physiologists to press so powerfully

upon any hypothesis ofdigestion which is derived

from either mechanical or chemical principles,

that they have conceived it necessai-y to abandon
altogether this mode of reasoning, and have
referred it entirely to the direct action of what
has been termed the vital principle. It is

assumed that the internal coat of the stomach is

endowed with a specific property, peculiar to

itself, and essentially different from any merely
physical agency, by which it acts upon the food

and reduces it to the state ofchyme. This vital

property of the stomach is supposed to be
proved, both by the necessity of having recourse

to this kind of power, in consequence of the in-

adequacy of the ordinary properties of matter,

and to be fai'tlier confirmed by certain facts that

have been supposed to prove that the same
substance is differently affected by the gastric

juice, merely in consequence of the absence or

presence of this principle. Thus it has been
observed, that in cases of sudden death, the

stomach itself has been partially digested by the

gastric juice that was secreted during life,t and

" Tiedemann and Gmelin, as the result of their
claljorate exporimcntal reaearchea into the nature
of the digestive process, conclude that it consists
csspntially in the solution of the aliment by the
ga«tric juice. Water alone, they observe, at the tem-
perature of the mannnalia, is capable of dissolving

many of the articles employed in diet, and'many
which arc not soluble in water are so in the acids
which are found in the stomach, and to these they
are disposed to refer a considerable part of the
operation ; Recherches, t. i. p. 3fi3..7. We may,
however, remark, that a solution of the alimentary
matters in water, or even in the acids that exist

in the stomach, cannot bo supposed to be identical

with chyme.
t This curious fact, which was first announced by

Hunter, Phil. Trans, for 1772, p. 447 et seq., and
afterwards more ftilW detailed in his Observ. on the
Anim. (Kcon. p. 226... I, has since been fully con-
firmed by the observations of some of the most emi-
nent modern anatomists. See particularly Baillie's

Murb. Anat. ch. 7. p. 148, 9, and works by War-
drop,'v. ii. p. 136, 7, and engrav. to Morb. Anat. fas.

3. pi. 7. fig. 2. ; Beck's Med. Jurisp. by Dunlop, p.
37o..380 contains many references and good remarks.
We have a valuable paper on the subjcrt by Dr.
Gairdner, F.d. Med. Chir. Trans, v. i, p. 311 et seq.

and also by Dr. Cnrswcll, Kd. Med. Jour. v. xxxiv,

p. 282 et seq. ; also Archives de Med. Fev. 1830,
and Amer. Jour. Med. Sc. v. vii. p. 227. .9. In the
Cambridge Phil. Trans, v. i. p. 28/ etseq., we have
a case of this description by Dr. ffaviland. Dr.
Carr.well has given an accurate and ample account of
the appearances and eflocts produced by the gastric

juice on the stomach, in the fifth numbvr of his
Pathol, Anat. -, it is accompanied by two excellent
plates.

ujMn this principle it has been found, that ocr-

t'lin kinds of worms, which exist in the iliges-

tive organs of animals, are not affected by the

gastric juice as long as they remain alive, but

that after death they become subject to its

action.

This hypothesis of the vital principle is the

one which was supporte<l by tordyce in his

elaborate treatise, and is probably that which,

under certain modifications, may be regarded as

the prevailing opinion of the modern physiolo-

gists. To a certain extent it is correct, and the

position on which it is founded, that the living

body differs essentially in its powers and pro-

perties from the dead body, carniot be denied.

But it may still be questioned, whether the ex-

planation thus offered be not rather verbal than

real, or whether any actual explanation is

afforded of the phenomena, or any actual diffi-

culty removed by adopting this mode of ex-

pression. Every one admits that a living sto-

mach differs from one that is deprived of life,

but still it remains for us to point out in what

tliis difference consists ; is it a chemical or a

mechanical action 1 or if it be not referable to

either of these actions, to what general principle

can it be referred 1 It is contrary to the rules

of sound reasoning to invent a new agent for

the urgency of the individual case, until we are

able to demonstrate the absolute impossibility

of employing those which were previously

recognized. With respect therefore to the

hyi)othesis of the vital principle, as maintained

by Fordyce and many of the modem physiolo-

gists, we should say, that it is rather a verbal

than a real explanation of the phenomena, and
that it rather evades the objections than answers

them.

The last hypothesis of digestion which we
proposed to notice, that of nervous action,

although somewhat allied to the one which we
have last examined, is more precise and defi-

nite in its statement, and consequently more
entitled to oor consideration. It assumes, that

the i)rocess of digestion depends upon the

direct and immediate agency of the nervous

system. It is founded upon the anatomical

fact of the mode in which the stomach is con-

nected with the nervous system, and upon the

observed relations between those causes that act

through the medium of this system, and the

changes that take place in the action of the

stomach. With respect to the anatomical ar-

gument it has been urged, that there is no
organ of the body, which is provided with such

a number of nenes, proceeding from so many
sources, and connected in so direct a way
with the cerebral system. There are equally

remarkable circumstances of a physiological

and pathological nature, which prove the inti-

mate connection between tlie nervous system

and the action of the stomach. Not only does

the stomach partake of almost every change

that occurs, in any part of the corporeal frame,

either natural or morbid, in a way which we
must conceive can only be brought about

through the intervention of the nervous sys-

tem, but it is affected by our mental emo-
tions, and tliat probably in a greater degree

than any other of our orpuis, except those thaV
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are immediately connected with the external

senses. Its functions are excited or depressed

by various causes, wliich can only act tlirough

the medium of the mind or imagination; while

it is argued that in all cases its various condi-

tions and the changes which its functions expe-

rience can be referred to no cause, except to

corresponding changes in the nervous system.*

This hypothesis, like that of the vital prin-

ciple, has been supported by the consideration

of the inadequacy of all the other modes of

explaining the phenomena, and the impossi-

bility of referring them either to mechanical

or to chemical principles. But it has this clear

and decided advantage, that it rests upon the

co-operation of an actual agent of great and
acknowledged power, one the existence of
which is universally recognized, the only ques-
tion being whether it is applicable to this indi-

vidual case. But although we admit the facts

in tlieir full force, we must still demur to the

conclusions that must he detluced from them.
If we inquire upon what principle, or by what
medium the nervous system can operate on the

digestive functions, two modes present them-
selves to the mind. We may ascribe the
effect either to the general operation of the
nervous energy, whatever this may be, which
pervades evei-y part of the system, and the
stomach among the rest, and which gives it

those powers which distinguish living from
dead matter; or we may conceive that the ner-
vous system is, in some way, more especially
concerned in the production of the gastric
juice, and that consequently whatever tends to
decrease or diminish the nervous energy, may
operate in the increased or diminished produc-
tion of this secretion, and thus indirectly, al-
though necessarily, affect the digestive finc-
tion. But although we may admit the truth
of both these suppositions, we gain no specific
answer to our inquiry. It is not enough to be
informed that the stomach acts upon its con-
tents because it is alive, or that whatever pre-
vents the secretion of the gastric juice puts a
stop to the digestion. Our inquiry embraces
a farther object, and leads us to investigate
the nature of the connexion between these facts
and the ultimate effect produced, or to discover
the reason why certain acknowledged effects
are connected with certain acknowledged causes;
but to this question the nervous hypothesis
gives us no satisfactory answer. It indeed
rather involves the theory of secretion than of
digestion, for even were it to be clearly proved
that the nervous power (whether, according to
the hypothesis of Dr. Philip, we identify it
with the galvanic inHuence, or we act the more
cautious part of not attempting to explain its
nature,) is the immediate agent in the forma-
tion of the secretions, still we are left equally

• It WM on facts of this description that VanhcUmom fouudcd bis hypothesis of the stomach being

9^ "Tu""!','"'-'
"'"^ "' '''" ""''' < O""' M<^d- p.iw, 49, M Sec also on the same subject theremarks of Hartley, on Man. v. i. p. 189, and

f„^^r"^"^' ^ ™-V "''° "^y '"'respectively
considered a« among the most accurate metaphysi-
ci»n« and anatomists of modem times.

uninformed concerning the mode in which this

fluid, when secreted, performs its appropriate

function.

•

From this brief review of the different the-

ories of digestion we may conclude, that the

hypothesis of trituration is decidedly incorrect,

and that those of the vital principle and the

nervous energy do not resolve the question.

We are tlierefore reduced to the two chemical
hypotheses, which, although not without con-

siderable difficulties, are not so palpably defec-

tive or erroneous. In deciding between these

two hypotheses it must be our first object to

ascertain the exact sense in which the term
fermentation was used by the older physio-
logists, and how far, according to the modern
use of tlie term, it is applicable to the phe-
nomena in question. The word was originally

employed in a very extensive, and, as may be
supposed, in a somewhat vague manner, to

designate every spontaneous change which took
place between bodies that were placed in con-
tact, and which generally manifested itself by
the extrication of some gaseous or volatile

matter. Thus all the spontaneous changes in

the body, whether natural or morbid, were
considered to be different kinds of fermen-
tations, and many of the changes that take
place among inorganic substances, as well as
various processes in the laboratory, were dis-

tinguished by the same appellation.

As our knowledge of the nature of these
processes was extended, and we were thus
enabled to ascertain more correctly what was
the change which was produced, our language
became more correct and better defined, and
the term fermentation was restricted to a spe-
cific operation, in which certain proximate
principles, derived from organized bodies,f act

upon each other, and enter into new elementary
combinations. The process is generally pro-
moted by the addition of a substance called
the ferment, which is employed to enable the
bodies to act upon each in the first instance,

although, when the action has commenced, its

presence may be no longer necessary. The
most fiimiliar kind of fermentation is that by
which a mixture of sugar and mucilage is con-
verted into alcohol, and that by which the
same substances, when exposed to the atmos-
phere, and to a certain temperature, are con-
verted into acetous acid. How far we are to
extend the number of fermentations is a point
respecting which chemists are not agreed, and
indeed there appears to be no reason but that
of convenience which can decide the point.

We accordingly find that while Mr. Brande is

disposed to restrict the term to the vinous and
acetous fermentation,| others extend it to three,

four, or with Dumas,§ even to six processes.

• We may refer our readers to the Judicious re-
marks of Dr. Prichard, in his Essay on the Vital
Prin. sect. 8.

t Some of the most eminent chemists coniine the
process of fermentation to the proximate principles
derived from vegetables ; but tliis restriction is not
universally adopted, nor does it appear to be neces-
sary.

X Utsupra.
$ Ut supra.
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Among these, one which is the subject of dailv

observation is the paiiary, or that by wliich

dough is converted into bread, a change which

appears to come strictly under the definition,

as a spontaneous action amonij the elementary

constituents of the body, by which a substance

is produced, essentially ditTerent from the one

from which it was composed. Now we are

disposed to think that the same principle will

apply to the convereion of aliment into chyme,
and that it is little more than a difference in

the mode of expression, whether we say that

digestion depends upon chemical action gene-

rally, or upon that peculiar kind of chemical

action which has been termed fermentation.

Tlie foregoing remarks apply immediately to

the production of chyme, and it still remains

for us to consider whether the same mode of

reasoning can be applied to the further conver-

sion of chyme into chyle. And it must be

confessed that this part of our subject presents

us with new difficulties, and that the analogy,

which in the former case was imperfect, is

api>arently still more so, when we apply it to

the action of chylification. Here we have a

chemical change in the constituents, without

the intervention of any assignable agent, at-

tended with the production of a new substance,

in consequence, as fer as we can judge, of the

spontaneous action of the elements upon each

other, and with the separation of the substance

tlius formed from tlie remainder of the mass.

But although the operation may be somewhat
more complicated, and although we may find

it less easy to assign an efficient cause for each

step of the process, there will be found nothing

contrary to the recognized effects of chemical

affinity. And witli respect to the question,

how fiir these effects should be referred to the

specific action of fermentation, we may remark
that the result of the proper fermentative pro-

cesses is to form a new product, and to sepa-

rate tlie product thus formed from the residuary

mass. Upon the whole therefore we may con-

clude, that although there are many points in

the chemical theory of digestion that are still

unexplained and require to be further investi-

gated, yet tliat we have no facts which directly

oppose it, while 'tlie difficulties which we feel

on certain jxiints would appear to be princi-

pally owing to the imperfect state of our know-
ledge on the subject.

V. Ptculiur affections of the digestive or-

gans.—We now proceed, in the last place, to

offer some remarks on certain affections of the

stomach and its appendages, which are only

indirectly connected with the function of diges-

tion. Of these the most important are hunger,
thirst, and nausea; we shall consider in suc-

cession the causes of each of them, and the

relation which they bear to the animal economy
in general.

Hunger is a peculiar perception experienced
in the stomach, depending on the want of
food. Its final cause is obvious, but respecting
its efficient cause there has been considerable

difTeriince of opinion among physiologists,

some referring it to a mechanical, others to a

chemical action, while by a third set of writers

it is referred exclusively to a peculiar Condition

of the nervous system. Itefore we enter into

the respective merits of these opinions it will

be necessary to remark concerning the feeling

excited by hunger, tliat it is one of a specific

nature, as essentially different from the mere
perception of touch, as the sense of sight is

from that of mechanical pressure made on the

ball of the eye. In physiological language

the stomach may be regarded as one of the

organs of sense, in the same way with the eye

and the ear; i. e. a part furnished with a spe-

cific apparatus for producing specific impres-

sions on a set of nerves appropriated to it,

which convey to the mind certain perceptions,

and which, by habit or by instinct, we connect

with certain conditions of the organ. In most
cases we are able to point out distinctly the

nature of the agent which produces tliese per-

ceptions, as light when applied to the eye, and
the undulations of the air to the ear ; in the

particular case of the stomach we are not able

to point out any corresponding agent of this

description, and in so far the analogy between

the stomach and the organs of sense must be
considered as defective.

The mechanical physiologists ascribed hun-

ger to the friction of the different parts of the

internal membrane of the stomach on each

other, an opinion which, although sanctioned

to a certain extent by Haller," must be aban-

doned, whether we regard the anatomical

structure of the part, which shows that such

friction is incompatible with its rounded form,

and the disposition of its muscular fibres, or

the nature of the sensation itself, which is

specifically different from that produced by
pressure, or any species of mechanical impulse
on the surface of the body. Nor can the hy-

pothesis be maintained, which supposes that

the action of the gastric juice, by its tendency

to decompose organized substances, exercises

a degree of this eroding quality on the internal

coat of the stomach, and thus produces the

uneasy sensation. But in this hypothesis the

great distinction, which has been so frequently

referred to, between living and dead matter as

to the action of the gastric juice is disregarded

;

besides that from every analogy which we pos-

sess, it might be presumed that a substance so

mild and apparently so little active as the gas-

tric juice, could not produce effects, which
must be attributed to a body possessed of highly

acid or noxious qualities. And it may be fui^

ther remarked, that in cases of the most pro-

tracted privation of food, and where death has

occurred af\er the most severe pangs of hunger,

nothing like erosion of the stomach has lieen

obsened, and that conversely, in tiiose in-

stances where this effect has been produced

after death, we have no reason to suppose that

it was in any degree caused by the deficiency

of food, or had been preceded by hunger.

From what has been stated above it may be
inferred that the view which we feel dis|X)sed

to take of the efficient cause of hunger is to

regard it as a specific perception, occasioned

• Prim. Lin. $368} El. Pbys. xix. 2, 13.
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by a peculiar glate induced on certain of the

nerves of the sloniiicti, in tlie same way that

certain nerves of the eye and of the ear receive

tlie impressions of liglit and of sound. There
is, liowever, this ditiercnce between the two
cases, that in the instance of the eye and the

ear we are able to point out the agent by which
the impression is made, whereas we are unable

to do this with respect lo the stomach.*

The perception of thirst, although seated in

the tongue and fauces, is so intimately con-

nected With the state of the stomach, as to be

properly referred to our consideration in this

place. It is immediately pnxluced by a defi-

ciency of the mucous secretion of the part,

and consequently must be regarded as ulti-

mately depending on a peculiar condition of

the glands which secrete this substance. Al-
though the sensation of thirst has a less specitic

character than that of hunger, yet we conceive

that it must be referred to a peculiar action

induced upon the nerves of the part, in a way
analogous to what we suppose to take place
with respect to hunger, and like it depending
on a peculiar action, the intimate nature of
which we are unable to explain.f

There are various circumstances, which diflfer

much in their nature and origin, acting upon
diflerent parts of the system, which all concur
in producing a peculiar sensation termed nausea,
which is referred to the region of the stomach.
It is usually attended with a considerable
derangement of all the powers of the body,
both muscular and nervous, and if continued,
produces the effort to vomit. The act of vomit-
ing consists in an inversion of the peristaltic

motion of the stomach, commencing at the
pylorus, which causes the contents to be carried
towards the cardia, and to be forcibly ejected
from the oesophagus. It has been generally
supposed that the impression which produces
nausea, and ultimately vomiting, is in the first

instance made on the nerves of the stomach,
that it is communicated by them to its muscu-
lar fibres, that their action is transmitted,
probably by the intervention of the nerves, to
the muscles of the abdomen and to the dia-
j)hragm, and that their contraction cooperates
with the muscular coals of the stomach in the
evacuation of its contents. It has long been a
subject of controversy among physiologists in
what degree the abdominal muscles assist the
coats of the stomach, or how far the latter are

" See the remarks of Blumenbach, ut mipra,
i 21 ; Magendie, Physiol, t. ii. p. 24 ct sea. and
Rrt. " Digestion," in Diet. Sc. Med. t. ix. p. 370..5.
We have some valualjle observations by Bocrhaave,
Prailect. § 88. cum notis ; also by SdminerinR'
Corp. Hum. Fab. t. vi. § 149..5(i. Hallcr describes
the phenomena of long-continued failing with bis
usnal minute correctness; El Pbys. xix. 2 3..7'
we have some interesting cases of long-pro'iractcd
abstinence in Dr. Copland's Trans, of Richerand's
Physiol, p. 5t)5 et seq.

t For an account of the phenomena of thirst,
and the explanations that bavc been offered of
them, the reader is referred to Boerhaave, Prelect
$585. 804; Haller, Prim. Lin. « 639; El. Phys"
XIX. 2, 9; niamenbach, Physiol. « 330-2, cum
noia B; Magendie, Pbysiol. t. ii. p. 31. .3; EUiol-00 s Pbysiol. p. 52.

competent to produce the effect without the

aid of the former. Haller supposed that the

stomach alone is capable of evacuating its

contents,* while Chirac, Duvemey,t and other

I'rench physiologists conceived that this organ

is entirely passive in the act of vomiting, and
the same opinion has been lately maintained

by Magendie, and supported by a series of

direct experiments. He not only found that

vomiting was entirely suspended, when the

abdominal muscles and diaphragm were ren-

dered incapable of acting upon the stomach,
but he even informs us, that when the stomach
was removed, and a bladder substituted in its

place, vomiting was still induced.

J

But we are still disposed to believe that the

commonly received doctrine is the correct one

;

that the action commences in the muscular
fibres of the stomach, and is materially assisted

by the diaphragm and abdominal muscles.
We rest our opinion on the analogy of the

other hollow viscera, the uterus, the blarlder,

and the intestines, where the contraction

commences in the organ itself; on the ante-

cedent probability, that as the agent whi(h
produces the efitict is, in most cases, applied
to the stomach, it must be supposed to act

immediately upon it, and lastly on the mecha-
nical nature of the act of vomiting, which
appears to be produced rather by a sudden
and forcible contraction of the organ itself,

than by any external pressure exercised upon
it. We conceive also that this view of the
subject is confirmed by the effect that succeeds
to the division of the par vagum ; it is asserted

that when this nerve is divided vomiting ran
no longer take place, and as it is distributed

principally over the stomach, so as to make it

appear that this organ is its specific destination,

we may presume that the incapacity for vomit-
ing depends upon the loss of power in the
stomach.

§

• El Phys. xix. 4. 12, 14; see also Lieutand,
Mem. Acad, pour 1752, p. 223 et seq. ; Sauvagcs,
Nosol. Metb. t. ii. p. a37.

t Misccl. Curios. Dec. ii. ant. 4, obs. 125, p.
247, B, and Mem. Acad, pour 1700, hist. p. 27.
Nearly the same opinion was maintained by Hun-
ter, Anim. CEcon. p. 199, 0.

X Mem. Rur le vomissement, 'p. 19, 2, and
Pliysiol. t. ii. p. 138.. 40.

^ Bell's Anat. vol. iv. p. 54 et seq. Legallois and
Beclard performed a series of experiments on this
subject, which consisted in injecting into the veins
a solution of emetic tartar. Tbey particularly
attended lo the eitect produced on the fesopbagus,
the diaphragm, the abdominal muscles, and the
stomach itself; the conclusion wbicb may be de-
duced from these experiments is, that vomiting
cannot take place without the compression of some
of the contiguous parts upon the stomacb ; OJuvrcs
dc Legallois, t. ii. p. 91 et seq. Dr. Hall has lately
investigated the nature of the connexion between
the act of vomiting and the state of the organs of
respiration. He conceives that the diaphragm is

passive in the operation and that the larynx is

closed, and he hence concludes that the muscles
of expiration, by their sudden contraction, press
upon the stomach and project its contents tlirough
the oesophagus

; Quart. Journ. We must conceive,
however, tluat a state of nausea must be, in tbo
first iuslaoce, induced, and this must take place
through the intcrvculion of the nerves of the
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With respect to tlio causes of nausea they

may be reduced to two lieads ; those that act

imniedialely on the stomach, and tliose that

act, in the first instance, on the system at large.

Of the first class the most active in their opera-

tion are the medicinal substances which are

specifically styled emetics, from their peculiar

tendency to produce nausea and sul)se<iiient

vomiting. Besides these certain kinds of food,

or food of any description, if it remain in an

undigested state, and various substances of an
acrid or stimulating nature frequently produce

nausea and vomiting. In the second class of

causes we have to enumerate various circum-

stances, which act upon parts of tlie body,

sometimes very remote from the stomach, but

which, either by direct nervous communica-
tion, by sympathy, or association, produce the

effect in question. One of the most powerful

of these is the motion of a vessel at sea, giving

rise to the well-known and most distressing

sensation of sea-sickness, certain morbid affec-

tions of the brain, particular odours and flavours,

renal and biliary calculi, hernia; or other affec-

tions of the intestinal canal, and lastly, certain

causes which can act only through the medium
of the mind or imagination, 'fliese various

circumstances, although so extremely different

in their nature and origin, agree in producing

a similar eHect on the stomach, which may be
explained by referring to the nervous com-
munications which exist between the organ

and every part of tlie system, and more espe-

cially with the other abdominal viscera and the

brain.*
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DIGESTIVE CANAL (Comp. Anat.)—
Tlie digestive canal is that cavity of the body
which is destined to receive the food of animals
and to retain it until its nutritious part has been
sejwrated or absorbed. It is termed also the

alimentary or the intestinal canal. As it is the

part into which foreign matter is first conveyed
for the nutriment of the system, its forms and
structure are most intimately related to the kind
of food, and consequently to the living habits

and instincts, and the whole mechanism of
animals. The most universal organs in the

animal kingdom are the digestive, and most of
the otliers may be considered as secondary or
subsei-vient to these. The lowest animals pre-

sent us with no otlier organs than those sub-
servient to digestion, and almost all the organs
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whicli are superadded to these as we ascend in

the scale either form an extension of the nutri-

tive apparatus, or are destined to regulate the

kind of food admitted into the alimentary

cavity. An animal, in the abstr.ict, may almost

be viewed as a moving sac, organized to con-

vert foreign matter into its own likeness, and
all the complex organs of animal life are but

auxiliaries to this primitive digestive bag. The
bones and other hard parts which form the

solid frame-work of the body connected toge-

ther by their various ligaments serve only as

firm levers to enable the active organs, the

muscles, to carry it to and fro, and the ner-

vous system with its various organs of sense

serve but to direct iLs motions in quest of food.

Nature has placed the unorganized food of

plants on the exterior of their body, and their

vessels are sent there to seek it, whicli roots

them through life to a fixed point; but animals

place their food in their stomach and have their

roots directed inwards and towards that central

reservoir, so that they can move about and
select what is most congenial to their nature.

The organs of animal li/i relate to this diffe-

rence between the two organized kingdoms

—

to this locomotion of animals and their power
of selecting their food; but the organs of' vege-

tative life of which the alimentary canal is the

first, relate merely to the assimilation of food
when already within the body, and are there-

fore common to animals with plants. The
digestive surface of the plant is the surface of
its root, ramified and fixed in the soil, which
affords it a never-failing supply of food; so
that the vegetable is like an animal with its

stomach turned inside out. The organs of
relation are necessarily connected with the
varied circumstances in which animals are
placed, and are remarkable for their variable
character, and even for their inconstancy in the
lower tribes, where they are often entirely want-
ing ; but those of vegetative or organic life are
more regular and constant in their character,
and indeed no organ is more universal among
animals than that internal digestive cavity by
which they differ so much from the species of
the vegetable kingdom. This primitive sac is

but a development or a continuation of the
mucous surface of the skin, which extends
into the homogeneous cellular tissue of the
body, or completely through it; and although,
in the simplest conditions of animals, it per-
forms alone all the assimilative functions, we
find it, as we ascend in the scale, giving origin
to various other systems to which distinct parts
of the complex function of assimilation are
entrusted. Thus the peripheral mode of nutri-
tion of the plant passes insensibly into the
central internal mode of the animal, and all

the organs of organic life, whether they open
into tlie digestive cavity within, or on the
surface of the body without, may be considered
as originating from the skin, which is itself only
a portion of the primitive cellular tissue of the
body, here modified by the contact of the sur-
rounding element so as to assume the character
ofa mucous membrane. As the various tubular
prolongatioiig become more and more develoixid

and isolated from this primitive source, they

assume proj^rties more and more peculiar,

and thus form the numerous glandular appara-

tus and vascular systems.

An internal digestive cavity, the first element

of all the organs subservient to individual

nutrition, is observed in every class of animals

and almost in every genus ; and where this part

has not yet been perceived, there can be little

doubt, from analogy, of its existence. Its

form and structure vary according to the kind

of food on which the various tribes of animals

are destined to subsist, and the extent of elabo-

ration it requires to undergo to assimilate it to

the animal's body; so that the diversities of

this first part of the digestive apparatus are

intimately related to all the living habits of

animals, and to all the peculiarities they pre-

sent in their other assimilative organs and in

their organs of relation.

t. Polt/gastriea. In the monads a digestive

apparatus is distinctly seen, and in almost all

the other genera of animalcules, where, indeed,

the internal cavities connected with this im-
portant function are so numerous in almost all

the known forms of these animals that this

lowest class of animals has been termed poly-

fastrica to express their common character,

rora the transparency of these minute animals,

their digestive sacs appear, when empty or

when filled with water, like portions of the

common cellular substance of the body, or

like animalcules which have been swallowed,

or like internal gemmules; and from not being

generally recognized as alimentary cavities,

many observers were led to suppose that the

animalcules are nourished solely by superficial

absorption like marine plants. Leuwenhoeck,
however, not doubting that they possessed a sto-

mach, believed that they devour each other; this

wasobserved also by Ellis, and Spallanzani main-
tained that they devour each other so voraciously

that they are seen to become distended with
this food. Goeze saw the trichoda seizing and
swallowing the animalcules which were smaller

than itself. Baron Gleichen, in order to dis-

cover the form of their internal digestive cavi-

ties, placed them in infusions coloured with
carmine which they soon swallowed, and in

his coloured plates he has represented this red
colouring matter as filling the internal stomachs
of numerous trichodte, vorticellie, and other

animalcules. Indeed those internal globular

cavities of animalcules are represented in the

plates of Miiller, Bruguiere, and all the older

writers on this class. But Ehrenberg, by
adopting the plan of Gleichen and Trenibley
of employing opaque colouring matter to detect

the forms of diese internal cavities, and by
using principally carmine,saivgreen, and indigo,

carefully freed from all impurities which might
prevent their being swallowed, has succeeded
better than all his predecessors in unfolding
the structure of the digestive organs of animal-
cules. Such coloured organic matter diffused

as fine particles mechanically sus|)ended in the

water in which animalcules are placed, is

readily swallowed by them, and renders visible

through their transparent bodies the form and
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disposition of their alimentary cavities; but
however long they remain in these coloured

infusions, with their stomachs distended with

the colouring matter, it is not |)erceived to

communicate the slii;htest tinge to the general

cellular tissue of their body. In mo.st of tlie

animals of this class there is an alimentary

canal with an oral and an anal orifice, which
traverses the body and is provided with nume-
rous small round ccecal appendices, which open
into its sides throughout its whole course, and
which appear to [lerform the office of stomachs
in receiving and preparing the food. In tlie

simplest forms of animalcules however, (as in

the mo7iai atumus represented inJig. 4 A) there

Fig. 4.

the two circles of cilia around the head at

which it commenced, having numerous cscal
stomachs communicating with its cylindrical

e(|ual canal throuiihuut its whole course. This
circular form of intestine opening at both its

extremities in the same ciliated a|H!rture, is

seen also in the curchesium, zowluilium, epixty-

lis, o/i/irj/diiim, vitf-inicolti, and other genera,

which from this character are termed ci/cloeala.

In some of the animalcules of tliis group, as in

the ttentor pvlymorphus, (Jig. 5 U,) Uie intes-

Fig. 5.

is but one orifice (Jig. 4 A, o) to the alimen-

tary cavity, and the numerous ccecal appendices

(Jig. 4 A, b) open into tliis general wide orifice

placed at the anterior extremity of the body.

This simpler form of the digestive apparatus

is found in the monads and in about forty otlier

known genera of polygastrica, which, from

this circumstance of their having no intestine

passing through their body, have been grouped

together as an order under the name of anen-

tera. In the mtmus termo, which is only

about the two-thousandth of a line in diameter,

four and even six of these roond stomachs have

been seen filled witli the colouring matter,

although they did not appear to be half the

number which might be contained in its body.

Each of these round stomachs was about^ of

a line in diameter, and they appear to open,

as in other anentera, by a narrow neck into a
wide funnel-shaped mouth surrounded with a

single row of long vibratile cilia, which attract

the floating organic particles or minuter invisi-

ble animalcules as food. This anenterous form

of the digestive sacs is found both in the lori-

cated and in the naked kinds of animalcules

lielonging to die lowest genera of the class,

many of which, however, have been found to

be only the young of supi)Oscd higher genera.

The intestine which traverses tlie interior of

the body in all the higher forms of polygastric

animalcules, and connects all the internal sto-

machs with its cavity, presents very different

appearances in difl'erent genera and even in

different species of the same genus. In the

vorticellu citrina (Jig. 4 U) the intestine (Jig.

4 B, 6, r) passes downwards from the mouth,

nearly of equal width throughout, and afler

forming a curve in the lower part of the body,

it ascends to terminate at the same oral funnel-

shaped ciliated aperture, (Jig. 4 B, a,) between

tine pursuing the same circular course through

the Iiody, is sacculated or irregularly dilated into

round vesicles throughout its whole length, and
from these enlarged parts the little stomachs
commence by short narrow necks. In other
species of the stentor the intestine is twisted in
a spiral manner throughout its circular course.

Many of die polygastric animalcules which ap-

f)roach nearer to the helminthoid classes in the
engthened form of their body, have the mouth
and anus placed at the opposite extremities, as
in lliese higher classes. In the long body of
the enchelis pupa, (Jig. 6,) the intestine i*

seen passing straight and cylindri-

Fig. 6. cal through tlie body from the wide
ciliated terminal mouth (Jig. 6, o)
to the opposite dilated anal termi-

nation (Jig. 6, b) and giving off

numerous small sacs along its whole
course. Such animalcules form the
group termed orthocalu from this

straight course of tlie intestine. The
intestine, howevcr,in the kucophri/t

patula (fig. 5 A) peisses in a spiral

course through the short and broad

body of the animalcule, giving off

small stomachs or coeca along its

whole course, and such crooked
forms of the alimentary canal com-
pose the group of campylucata, in

the distribution of this class proposed by
Ehrenberg.

Thirty-five genera of polygastrica present an
intestine passing through their transparent body,

and developing from its parietes Uiese minute

globular coeca, which have been regarded as

stomachs, from the quickness with which the

animalcule conveys the food into them, and
from its not accumulating or retaining its food

in any other part of the digestive apparatus.

More than a hundred of these stomachs have

been seen in theparamacium and aurelia filled

at the same time, and there may have been
many more unseen from their empty and col-

lapsed state. These little sacs are contracted,
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fiIironn,and almost invisible, when empty; but

ttiey are suscejitible of great dilauuion, ami

are sometimes seen filled with water or dis-

tended with smaller animalcules seized as food.

Viewed through the microscope these minute

animals present very different appearances, ac-

cording to the quantity and kind of food con-

tained in their ccecal appendices, and from this

circumstance twelve diHerent species of animal-

cules, belongingto six supposed distinct genera,

have been formed of the single vorticella con-

vallaria. No glandular organs to assist in

digestion have been observed in the polygastric

animalcules ; and notwithstanding their almost

invisible minuteness and the great simplicity

of their structure, they appear to be the most
numerous, the most active, the most prolific,

and the most voracious of all living beings.

Very recently, by the aid of an improved mi-

croscope made at Berlin, Ehrenberg has been

able to detect a dental apparatus in the kolpoda

CHCiMulus of Muller, one of these minute poly-

gastric animalcules, which shews a further ana-

logy between them and the helminthoid articu-

lata. Notwithstanding the number of stomachs
in this class of animals, and the infinite variety

of prey which commonly surround them, we
often observe them devouring animals, which
fi-om their magnitude are incapable of being
conveyed into these cavities. I have observed
a tracheliiis, after swallowing several monads
which swarmed around it, proceed slowly to

swallow down a trkhoda, which appeared to

be ten times the size of one of its internal sacs.

It took about a minute to swallow the trichnda,

after having turned it in different directions

with its long transparent moveable upper lip.

The prey could not be perceived to offer the
slightest resistance, while the traclicUus, with
its upper lip spread over the small anterior end
of the triclwda, gradually advanced and ex-
panded the short lower lip to embrace it below.
The body of the truchelius was much shortened
during this prolonged act, being drawn forwards
towards the lips, and the animalcule, become
slower in its movements, was sensibly distended
on one side by this large prey in the intestine

;

but in less than half an hour it had recovered
its usual lengdientd form and gliding move-
ments, and was seen to seize ag-ain the smaller
monads around it. Ehrenberg has figured an
enchelys swallowing a loxodes ten times the
size of its stomachs even when filled with car-
mine, and in the body of the loxodes he has
represented navicuU which have been swal-
lowed, though several times the size of any of
its stomachs distended with sap-green. In the
capacious alimentary cavity of the }iarama:cium
chrywiis I have found a constant slow revolu-
tion of the whole contents, like the cyclosis in
the large cells of a chara, and the round sacs
appear often to be driven to and fro like loose
balls in a sac. Baron Gleiclien has figured
some of these round sacs of Ehrenberg separate
from the animalcules, as a bolus of matter
which had escaped per iimim. Tliese round
transjKirent bodies are often hurried to one end
of the animalcule's body and then to the oppo-
site, or spread generally tltrough the cavity,

and they sometimes join partially in the general

internal cyclosis of the abdominal cavity. In

many genera of polygastric animalcules a cir-

cular proboscis is seen around the mouth,

composed of long parallel straight teeth closely

applied to each other, which can be extended

or retracted, and forms their masticating appa-

ratus.

(For the higher forms of the alimentary canal

in all the separate classes of the animal king-

dom, see the names of the several classes from

the PoRiFF.RA to the Mammalia, Animal
Kingdom, and the preceding article Diges-
tion.)

(R. E. Grant.)

ECHINODERMATA, (fx'""!; echinus—

it^jna., corutm,) Fr. Echinodermes. A class

of invertebrate animals belonging to the di-

vision lladiata or the Cycloneurose sub-king-

dom. The most familiar examples of them are

the common sea-urchin and stiu--fish.

In these the skin is covered with prickles, a
circumstance from which the class has received

its name ; but animals of corresponding in-

ternal structure, such as the Ilolothuria, are

also comprehended among the Echinodermata,

although the skin is destitute of prickles.

They are all inhabitants of the sea, examples

of them are found in all climates, and the

remains of extinct species exist in a fossil state

in various mineral strata.

Naturalists are not agreed as to the limits

of this class. Cuvier includes in it two orders

of animals; the first provided with tubular

retractile oi-g;ins named feet, the second desti-

tute of feet, but allied, he conceives, to the first

in other respects. Other zoologists separate this

second order of Cuvier from the Echinoder-

mata. But in fact these apodous animals,

comprehending the genera Molpadia, Minyas,
Priapulus, and Sipunculus, are as yet so im-
perfectly known, at least as regards their in-

ternal structure, that naturalists seem at a loss

to discover their appropriate place in the zoo-

logical system. In these circumstances we
shall confine ourselves to the consideration of

the true or pedicellate Echinodermata, of whose
systematic arrangement the following is a tabu-

lar view.

Order I. ASTEROIDEA or STELLE-
RIDA.
Body depressed, divided into rays like a star,

or at least with prominent angles. Mouth
inferior, generally no anus.

a. Holes for the feet disposed in grooves

on the inferior surface.

Genus 1. Asteiuas, (Jigs- 298 vol. i.

r-22.)

b. No grooves for the feet.

Genus 2. Ophidra. Rays simple, elon-
gated, cirrhous, with lateral spines.

Genus 3. Euryale. Rays long, cir-

rhous, divided dichotomously.

Genus 4. Comatula. Rays in two
sets, dorsal and marginal. The dor-

sal rays simple, filiform, cirrhous.

The marginal much larger and pin-

nated, their inferior pinnules turned
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downwards ajwl surroumling llie ven-

tral disk. llordiir of llie mouth
formed by a prominent membranous
tu);e.

Genus 5. Encbinus. Body supported

on a jointed stem. (VS iih one ex-

ception the species are all fossil.)

Order II. ECHINIDA.
Body globular or ovoid, without rays ; skin

containing a calcareous shell ; anus distinct.

«. liiguluria. Month and anus diametri-

cally opi)Osite in the centre of the ventral

and dorsal surface respectively.

(jenusl. Echinus, (figs. 33 vol. i.

10-19.)

Genus 2. Cidarite.s.

l>. Mcsostoma. Mouth in the centre, anus
eccentric.

Genus

1st, a toutth coriaceous membrane, with por-

tions of calcareous substance imbedded in it,

or at least connected by it ; 2d, a softer external

membnine ; 3d, various apjHjndages. The
calcareous jjieces form inferiorly a ring round

the mouth and a series of transverse segments

(from u to A,Jig.7; C,fig. 22,) placed in succes-

i'lg 7.

Anus on

the ventral

surface or

the border.

3. GalehiteS.
4. EcUINONEUS.

' 8. Cassidui.us.

^9. nucleolites.

Rows of feet

extending

from the anus
to the inferior

opening of die

shell.

Hows of feet

not extending

to the inferior

opening of the

shell.

Mouth and anus both ec-

. ScrTELLA.
6. Clvpeaster.

, 7. FiBULAKIA.
Anus

alx)ve the

lx)rder or

dorsal. )
c. Flupyostoma.

centric.

Genus 10. Ananchites.
Genus H. Spatangus.

Order III. HOLOTIIV RIJE.
Body oblong, (Jig. 34 vol. i.) coriaceous, with

the anus (A) and mouth (a) at its o[)posite

extremities. Mouth surrounded with retrac-

tile, branched tentacula (i>). Organ of re-

spiration a ramified tube (Ji,f,f), placed

within the body and opening at the anus.

Genus. IIolotiiuuia. (fig. 34 p. 109,

vol.i. axuXJig. 20.)

The genera Asttrias, Echinus, and Hulit-

Ihiiria are those in which the internal struc-

ture has been most frequently and fully inves-

tigated ; they are therefore usually selected' as

the leading examples in anatomical descriptions

of the Kchinodermata, the peculiarities of other

geiieia being mentioned in so far as they have
been satisfactorily ascertained, and are of suffi-

cient importance to demand special notice.

1 . Integuments.—An incision made through

the tough skin of the star-fish or shell of the

sea-urchin, lays open die internal cavity of
the body in which the viscera lie ; so that in

these animals the integuments in a great mea-
sure constitute the parietes of the body, there

being little else except the peritoneum or lining

membrane of die visceral cavity which is spread
over their internal surface. In the llolothuria

there are muscles of considerable thickness be-
neath the skin. The integuments of the former
animals contiiin imbedded pieces of calcareous

substance, which conslitiilea kind of cutaneous
skeleton. In the latter there is merely a calca-
reous ring surrounding die moudi.

a In the Aslerias the integuments consist of,

Inferior view of Atteriat rubeiu: at A part of the

feet is retnoved.

sion along the floor ofeach ray. Tlie first ofthese

segments is connected with the ring ; they de-

crease in size as they approach the point or

distal end of the ray, and openings are left

between them for the passage of the feet. In

the Astcrias rubens, which has five rays, the

central ring consists of ten larger and five

smaller pieces, the former disposed in pairs

opposite the commencement of the rays, the

latter corresponding to the angles between the

rays. The segments of the rays are symme-
trical ; in the species mentioned they consist

of two oblong pieces (o, fg. 8), united in die

Fig. 6.

ion of a ray of A)teria» rubeta, thowing the

'emenl of the catcttrcout i>ieca.
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median line, and two smaller ones (i, b,)

placed laterally. On the sides of llie ray the

calcareous substance is disjwsed, as it were, in

ribs (f , c, Jig. 9) ; these rise from the floor at

first nearly parallel with each other, and are con-

nected by cross bars, but on approaching the

upper part or roof of the ray they cross in all

directions and form an irregular network, the

intervals of which are occupied by softer inte-

gument. Tlie ribs and bars are made up of

small pieces joined by plane but oblique sur-

faces, a mode of construction calculated to

admit of their being lengthened and shortened

upon one another, and thus to allow of the ca-

vity they surround being dilated and contracted.

Fig. 9.

Portion of a ray of Attetuu rvheta viewed laterally.

A broad calcareous disk is situated on the

upper surface of the body, in the angle be-

tween two of the rays, (ftgs. 1 2 and 1 6, ar,) which

is connected internally with a singular organ

named by Tiedemann the sand canal, to be

afterwards described. The calcareous pieces

are of a homogeneous structure, without cells

or fibres ; they consist, according to Hatchett's

analysis, of carbonate of lime, with a smaller

proportion of phosphate of lime.

The coriaceous membrane which connects

the pieces of the skeleton is made up of white

glistening fibres. It is contractile and irritable,

for it slowly shrinks on being scratched with

the point of a knife, or when it is cut through.

The external membrane is much thinner and
softer than that just described ; in various parts

it is coloured, or in these parts there is a co-

loured layer underneath it.

The appendages or processes on the surface

of the body are of three kinds. First, calcareous

spines ; these are found over the whole surface

except the grooves for the feet. Tliey are at-

tached by a moveable joint at their base to the

calcareous pieces of the skin, and aie invested

by the external soft membrane nearly as far as

their point. Those on the upper surface are

solitary, short, and for the most part club-

shai^cd, their broader summit being marked
with radiating jioints ; whence they were named
stelliform processes by Tiedcmaim. On each
side of the groove for the feet the spines are

thickly set (r, r. Jig. 7) ; these in Asterias
rubais form three rows, in the middle and
innermost of which they are placed three deep.
On this part of the surface they are also longer
and pointed. The spines are slowly moved at

the will of the animal.

The appendages of the second kind are of a

very singular nature ; they have the appearance

of pincers or crabs' claws in miniature (Jig. 298,

c, 6, 6, p. 615, vol. i.) and were described

by Muller as parasitical animals under the

name of Pedicellaria. Monro gave the name
of anteimiE to analogous organs which are

found on the sea-urchin. They probably do
not exist in all species, for Tiedemann makes
no mention of them in his description of A.
auranliaca. In A. rubens they cover the

surface generally, and form dense groups round

the spines. Each consists of a soft stem

bearing at its summit, or (when branched) at

the point of each branch, a sort of forceps of

calcareous matter not unlike a crab's claw,

except that the two blades are equal and similar.

When the point of a fine needle is introduced

between the blades, which are for the most

part open in a fresh and vigorous specimen,

they instantly close and grasp it with consi-

derable force. Tlie particular use of these

prehensile organs is not apparent ; their stem,

it may be remarked, is quite impervious.

The third sort of appendages consists of those

which are named the respiratory tubes ; they

will be considered afterwards.

The other genera of Asteroidea have also a
cutaneous skeleton presenting the same general

mode of construction as that of Asterias, but
with certain modifications of structure and stdl

greater differences of form in particular cases.

Of these we may here notice the crinoid echi-

nodermata and the genus conuitula, as the

most interesting examples. The former ani-

mals, comprehended by most naturalists in the

genus Encrinus, are, with one exception fthe

Enc. caput medusa or Pentacrinitc) found only

in a fossil state, and the remains of their ske-

letons constitute the fossils named encrinites,

trochites, entrochites, &c. An idea of their

structure may be obtained if we imagine an
asterias placed with its mouth upwards on a

columnar jointed stem, one end of which is

connected to the dorsal surface of the animal,

and the other most probably fixed at the bottom
of the sea. The rays or arms extending from

the circumference of the body are much
branched, and at last pinnated ; other jointed

processes, named auxiliary arms, surround the

stem in whorls placed at short intervals. Tlie

column is perforated in its centre with a nairow
canal, down which a prolongation of the sto-

mach extends, and lateral canals proceed from
the central one through the verticillate auxiliary

arms. The Comatula has rays spreading from
the circumference of the body, branched and
pinnated like those of the pentacrinite. It is

not fixed on a column, but the dorsal surface

of the body is elevated in the middle, and
bears a number of smaller rays or arms, and
this dorsal eminence with its rays has been
sometimes compared to a rudiment of the

column of the pentacrinite with its auxiliary

arms. Besides the mouth there is an anal

opening on the ventral surface, situated on au
eminence near the margin.*

b. In the sea-urchin the calcareous matter is

disposed in polygonal plates, which, being

• Meckel, Vergl. Auat. ii. p. 31,
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firmly joined to one another, fomi by tlieir

union a shell approacliing more or less to a
spherical figure, (Jig. 10, A, 13.) Tlie shell is

covered outside by a membranous integu-

ment, spines, and other appendages ; on the
inside it is lined by the peritoneum. It is

Fig. 10. A.

Fig. 10. B.

Ei'hiinu esci4entu.t opened, intestine removed.
A, lender half of shell. B, upper half, a. oeso-

phagus cut. 6, termination of the intestine.

c, c, c, ovaries, d, d. vesicular lamin» of the
feet. At e, e, the lamins are removed to show
the perforations for the feet.

perforated above for the anal orifice of the

mtestiue (6), and below it presents a much
larger opening, which is closed by the mem-
branous integument, except in the middle,
where the mouth is situated (fig. LI). The
pieces composing the shell are mostly five-

sidetl, transversely oblong, and disposed in

twenty vertical rows or columns, which extend
from the anus to the inferior opening. Ten of
the columns are narrower, and consist of smaller
pieces, (fig. 10, f, e,) which are perforated

with holes for the feet ; they are thence termed
ambulacral. ITie other ten are broader, and
consist of larger pieces (/,/). The ten am-
bulacnU columns arc disposed in five pairs,

with which the ten larger columns, also dis-

posed in pairs, alternate. The two columns of
each pair are joined by a zigzag line. The

upper ends of the columns are connected with
ten plates, .lltcrnately larger and smaller, placed
round the anus ; the larger perforated for the

passage of the oviducts, and named ovarial

plates, the smaller also iierforated by a smaller

nole, which is connected with the vascular sys-

tem. At its lower edge the shell sends inwards

a process in form of an arch over each pair of
tlie ambulacral columns (g, g, g). The number
of plates in a row varies with the age of the

animal, increasing as it grows older and larger.

They are marked on the outside with tubercles

or knobs, of various sizes, which support the

spines. The spines themselves have a cup-like

cavity at their base, which is connected with

and moves on the prominent tubercle, the

union being effected at the circumference of
the articulation by the soft irritable integu-

ment, or, according to some, by distinct mus-
cular fibres.

Besides the spines, there exist on the external

surface of the Echinus appendages (fig. 11),

of the same nature as the claw-like organs of

the Asterias, only that in the Echinus the sort

of forceps which they bear at their extremity

for the most part consists of three blades.

Fig.U.

The shell of the irregularly-shajied Echinida

differs considerably in structure from that of

Echinus. The division into plates is less ob-

vious, and in some cases disappears altogether.

The series of holes or ambulacra do not extend

uninterruptedly from the anus to the lower

orifice. Lastly, in Clypeaster the shell is di-

vided interiorly, by vertical calcareous parti-

tions, into five compartments which commu-
nicate together, the septa being incomplete.

c. The integuments of the Holothuris differ

considerably in different species. In those

species in which there is a marked distinction

of the dorsal and ventral surface of the body,

the integument differs in character on these

two surfaces : in other cases it is pretty nearly

uniform over the whole body. It in general

consists of a white fibrous layer, which consti-

tutes its chief thickness, and a soft coloured

layer and epidermis placed more exteriorly.

In some species the skin exhibits hard conical

warts scattered over the dorsal surface ; in others

it contains imbricated calcareous scales. In

H. phantapus, in addition to these scales,

which are about a line in breadth, the in-

tegument, according to our observation, is

thickly beset with small calcareous eminences,

about tJ, of an inch in diameter, resembling,

except in size, the short calcareous processes

on the upper surface of the Asterias.

A calcareous ring, forming in many species

the only hard part of the body, surrounds the
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mouth. It is made up of ten pieces alternately

larger and smaller, and gives attachment to the

longitudinal muscles of ll;e body. It is re-

garded as the rudiment of a skeleton, while

the addition of scales or plates in the skin

forms in some species an approach to the more
perfect cutaneous skeletons of the star-fish and
sea-urchin.

2. Organs of motion.—The spines of some
Echinodermata are employed to a certain extent

as organs of locomotion; they have been al-

ready described. The star-fish has the power
of slowly moving its rays ; it can bend them
towards the dorsal or ventral surface, or ap-

proximate some of them while it separates

others more widely, and thus prepare itself for

creeping through narrow passages. Tiedemann
ascribes these motions wholly to the contractile

skin ; they are no doubt partly effected by that

tissue, but Meckel describes distinct muscles

passing between the calcareous plates which
form the floor of the rays, and we have our-

selves observed a distinct band of muscular
fibres running along the roof of each ray be-

tween the coriaceous skin and peritoneal mem-
brane, and also transverse fibres, but less

marked, lying between the same parts; the

latter are seen adhering to the external surface

of the peritoneal membrane when it is stript

off.

Tlie muscular system of the Holothuria is

much more developed. Ten longitudinal mus-
cles (Jig. 20, s, s, s,) arise from the calcareous

ring in the vicinity of the mouth, and pass

along the body in the form of broad bands to

the posterior extremity; between these and the

skin transverse or circular muscles (/, /,) are

situated; they extend over the whole internal

surface of the skin.

The principal locomotive organs of Echino-

dermata are the membranous tubes named the

feet. These are very numerous and are usually

disposed in regular rows; they contain a clear

fluid, which is conveyed to them by a peculiar

system of vessels. Each foot consists of two
parts, an internal and generally vesicular por-

tion (fig. 12, d,) placed within the body, and a
tubular part (c) on the outside, projecting from
the surface and continuous with the first through

an aperture in tlie skin or shell (Jig. 13j'). The
tube is closed at the extremity and terminates

there in a sucker, which has usually the form
of a disk slightly depressed in the centre.

Both parts of the foot are evidently muscular,

the fibres of the tubular portion being disposed

in a circular and a longitudinal layer; the

cavity is lined with a transparent membrane,
and the tubular part moreover receives an
external covering from the epidermis. The
foot is extended by the contraction of its inter-

nal vesicle, which forces the fluid into the tube,

or when a vesicle is wanting, by the projection

of a fluid into the tube from a communicating
vessel ; tlie tubular pait is thus distended and
elongated ; it retracts itself of course by its

muscular fibres, and when this takes place the

fluid is forced back again into the vesicular

or internal part. In progression the animal
extends a few of its feet in the direction in

which it desires to go, attaches the suckers to

rocks, stones, or other fi.\ed objects immedi-
ately in advance, then shortening its feet it

draws its body in tlie wished-for direction.

a. Ill the starfish the feet are disposed in

rows along the under surface of the rays, di-

minishing in size as they approach the extre-

mity (Ji^. 7, a, b, d). There are usually two sim-

ple rows in each ray, (Jig. 23, c,) and the vesi-

cular part is for the most part deeply cleft into two
lobes (as in A. aurantiaca, fig. 22, d, d). In

Fig. 12.
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other case*, as A. ruhem, Oicro aro two double

rows (Jifi;. 7, h,) in every ray, aiid each foot

has a round undivided vesicle (Jigt- 12 and

16, (I).

The canals or vessels which convey the

fluid to and from the feet are all connected with

a circular vessel situated in the vicinity of the

mouth, 'lliis vessel (fii^s. 12 and 22, i,i,) lies

immediately within the calcareous ring alreiidy

described as connecting the rays at their com-

mencement ; from it a straight canal proceeds

along the tioor of each ray in the median line,

and in its progress gives off lateral "branches

which open into the vesicles of the feet. There

are moreover connected with the circular ves-

sel,—first, a certain number of bodies (ten in

five-rayed species) which Tiedemann com-
jares to glands (figs. 12 and 22, m, m); they

are very small, brown, sacculated organs, each

opening by a small orifice into the circular

vessel; Tiedemann supposes them to be the

source from which the fluid filling the feet is

derived. Secondly, pjTiform sacs; in.il.au-

rantiuca there are four groups of these (fig.

22, k); and each group consists of three

or four sacs which open by a common
tubular pedicle into the circular vessel. I n some
other species there are five simple sacs. They
are muscular, and Tiedemann conceives them
to be the chief agents by which the fluid is

forced into the vesicles of the feet, to which

they are placed in a sort of antagonism. It

would seem, however, that this purpose may
be accomplished by other means, for according

to Meckel's statement, and, we may add, our

own observation, they are not present in all

species. Lastly, the circular vessel receives

the singular organ named the stone canal or

sand canal by Tiedemann, (figs. 12 and 22, S,)

who describes it as a membranous canal con-

taining a friable mass of sandy or earthy

matter, which commences by a wide origin on
the inferior or internal surface of the calcareous

disk (figs. 12 and 16, ^,) already described

as situate on the upper part of the body,

descends in a duplicature of fibrous membrane,
and opens by a narrow orifice into the circular

vessel, the upper or wide end being closed by
the disk. Ehrenberg has correctly remarked
that this organ is not filled with an amorphous
mass of earthy or cretaceous matter ; he de-

scribes it as exhibiting a dense network of

calcareous fibres with hexagonal and penta-

gonal meshes, resembling in some respects the

cavernous structure of the ])enis. The result

of our own examination in more than one
s()ecies is different still. We have always

found the earthy matter forming a jointed cal-

careous tube. This tube, wliich is about the

thickness of a surgeon's probe, is composed
of rings of calcareous substance connected by
membrane, so that viewed externally it is not

unlike the windpipe of a small animal. On
cutting it across, however, it is found to be
more complex in structure than appears exter-

nally, for it contains within, two convoluted
laminae of the same nature as its calcareous

parietesC.^g.l3). These laminw are rolled lon-

gitudinally ; they rise conjointly or as one, from

Vig. 13.

Portion of the aand
canal of Aateriai

rubejtSf matjnijicd.

the internal surface of the

tube, piiss inwardly a cer-

tain way, then se|>arating

are rolled in opposite di-

rections ; something afler

the same manner as the

inferior turbinated bone of

the ox. Tliese internal

laminx become more con-

voluted towards the upper
end, where at last they, as

well as the more external

part of the tube, join the

dorsal disk, appearing gra-

dually to become conti-

nuous with its substance.

The disk is perforated with numerous pores

which open into the tube. Tiedemann con-

ceives the function of the sand canal to be that

of secreting the earthy matter required for the

growth of the calcareous skeleton. Meckel
considered this view as very improbable, and
the description we have given does not tend to

corroborate it. We must confess ourselves

unable to offer more than mere conjecture as to

the use of this singular structure. If the fluid

contained in the feet and their vessels be sea-

water, (either pure or with an admixture of
organic particles,) which is probable from its

chemical composition, may it not be intro-

duced and perhaps again discharged through
the pores of the disk and the calcareous tube,

the porous disk serving as a sort of filter to

exclude impurities ?

In the Echinus the feet are disposed in ver-

tical rows running from the anal orifice towards
the mouth; and the corresponding rows of
apertures (fig. 10, e, e,) thus diverging from a
point have been compared to garden-walks,

and named ambulacra. In most cases the feet

extend all the way to the inferior opening of
the shell, but in some genera they stop short

before reaching this point. There are ten rows
disposed in five pairs. The tubular part of each
foot communicates with the interior of the shell

by two branches which pass through two aper-

tures. These branches in some species (as

£. sexatalis) communicate directly with tlie

canals which convey the fluid to the feet ; in

otiiers (as E. esculentus) they open into a
plexus of vessels, by the intervention of which

they are connected with the canals. The plex-

uses of vessels alluded to are formed in leaf-

like membranes (fig. H,d,d, representing two
of them magnified,) which are of equal num-

Fig. 14.

bcr with the feet, and of course disposed in

D 2
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double rows on the inside of the shell (fig. 10,

d.) Monro describes each foot as communi-

cating with two of these laminae, and conse-

quently every lamina as receiving a branch from

two feet ; in our own dissections we have al-

ways found that both branches of each foot

belonged to one lamina. These branches are

represented as cut at a in the annexed figure.

Five longitudmal vessels run down on the

inside of the shell, there being one in tl.e

middle of each double row of feet (jigs. 10 and

14, u); lateral branches go off from these either

directly to the feet or to the laminar plexuses

when they are present. The five longitudinal

vessels descending towards the mouth rise

through the dental apparatus named the lan-

tern, and open into five sacs or receptacles

placed on its upper part, where according to

Tiedemann they terminate. Monro on the

other hand describes the sacs as communicating

together, and states that from them the liquor

passes down the sockets of the teeth, and is

discharged into the sea. The vessels and la-

minsB are highly irritable, and by their contrac-

tion distend the feet.

Ten tubular tentacula, similar in structure

to the feet, are situated in the vicinity of the

mouth (fig. 15, d, d, d.) In Ech. esculentus

<t)iejr are attached to the small calcareous plates

Fig. 15.
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Part of the inferior eiirfiwe of the Kchiniu.
a, mouth -, b, h, margin of the inferior open-

ing of the shell ; e, e, membrane which fills

it.

which are imbedded in the membrane that fills

up the aperture of the shell. The plates are
each pierced with a hole, through which the
tentacula communicate with the canals of the
feet.

In Ilolothurise the feet are sometimes scat-

tered over the whole surface of the body;
in other species (as H. pcntuctes) they are
placed in five longitudinal and tolerably regular
rows ; while in others again they are confined
to the ventral surface, as in H. phantapus,
where they form only three rows. The tubular
part (fitl- 20, b, b,) is in general very short,
and is connected with a simple vesicle inside.
The vessels of the feet arise from a circular
canal which surrounds the stomach near the
fore part of the body. One or sometimes two
large pyrifonn sacs (fig. 34, i, p. 109, vol. i.)

open into this canal, and a number of small

brown hollow glandular-like bodies are also

connected with it. Five vessels issue from it,

which run forwards and terminate in a second

canal situate immediately within the calcareous

ring which surrounds the mouth. This se-

cond circular canal is connected with the

tentacula, as will be afterwards described, and
it gives off five longitudinal vessels which run

towards the posterior end of the body, and dis-

tribute lateral branches to the vesicles of the

feet. Tiedemann regards the fluid contained

in this system of vessels as a secretion, and
conceives that it nourishes the skin, the mus-
cles, and tissue of the feet, besides supplying
to the latter the mechanical means of their

distension. Further observation would, how-
ever, be required in order to determine its true

nature, for there is much reason to suspect

that the fluid of the feet in other Echinoder-

mata consists at least in great part of sea-water,

and it is not to be supposed that in the Holo-
thuria it should be materially different.

Under this head we may notice the tentacula

of the Ilolothuria (fig. 34, o, p. 109, vol. i.) re-

tracted, as they present a great analogy in struc-

ture with the feet. These organs are placed round
the mouth and are twenty in number; the ex-

tremity of each is formed into a circular sucker

surrounded by five or six branched processes.

They are hollow, and a great part of them is

lodged within the body ; this internal part is

long and tapering, and communicates by a
small orifice with the anterior circular canal

already described, from which the tentacula

receive their distending fluid. In the rest of
their structure and in their mode of action they

resemble the feet. Tliey seem to be very sen-

sible, and are probably used as organs of touch
as well as prehension. In H. pentactes the

tentacula are veiy large, much larger than in

H. tubulosa.

3. Digestive organs.—The digestive appa-
ratus is very simple. The sea-urchin and
Holothuria have an alimentary canal with a
mouth and anus, but in the star-fish there is

merely a stomach with coecal appendages and
only one orifice. The cavity in which the

alimentary organs and other viscera are lodged
is lined with a peritoneal membrane, which
being reflected upon them forms their external

tunic, and attaches them by a duplicature or

mesentery to the inside of the cavity. The
Echinodermata are said to live chiefly on tes-

taceous mollusca and Crustacea.

a. In AUeriux a short but dilatable gullet

leads to the stomach (figs. 16 and 22, f), which
occupies the central part of the animal, and
from the stomach a pair of lobulated cceca (g,
g, and g', g', inflated,) pass into each ray.

The stomach is connected at various places

with the parietes of the body by ligamentous
bands; it is thin and membranous, soft and
corrugated on the internal surface, receiving

externally a covering of peritoneum, and con-
taining muscular fibres which are more obvious

towards the lower part, when it adjoins the

still more muscular oesophagus. Two or more
blind sacs (I), branched in some species, open
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Fig. 16.

ar

Asltriat nibetu : tKret rayi opened— in the one, at A, emea cut thorl to ihew the vendet of the feet,

dj df and one ovary, o; g, g, coecOf g'^, cceca inftated.

into it from above, which are probably secre-

ting organs. The coeca are thin and mem-
branous like the stomach; each consists of a
central tube with lateral branches, which in

their turn are lobed or branched, and terminate

in cellular dilatations. The two cceca of a ray

sometimes communicate with the stomach by a
short single tube (A); in other cases they have
separate orifices. They do not reach so far as

the distal end of the ray; each one is attached

to the roof by what might be called a double
mesentery, for the peritoneum forms here two
duplicatures (figs. 12 and 16, «,) between the

coecura and the roof of the ray. A space is

inclosed between these duplicatures which

opens into the central part of the body at the

root of the cceca.

Such is the structure in the Asteriat, but in

some other genera belonging to the tribe of

Asteroidea it is different. In Ophiura, Eu-
ryale, and Comatula, in which the rays are

very long and slender, the coeca are mere cel-

lular dilatations of the stomach, and do not

extend into the rays. Comatula moreover dif-

fers from all the tribe, inasmuch as its alimen-

tary canal has two openings, a mouth and anus,

situated near to each other on the ventral sur-

face.

The mouth of the star-(ish is very dilatable,

so as to admit lar^ mollusca in their entir«
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shell. The gullet and pait of the stomach are

usually everted, protruded, and applied round
the object to be swallowed, which is llien drawn
iu. The hard or indigestible matters, such as

the shells of nioUusca, are discharged by the

mouth. The star-fish is said to be very de-

structive t« oyster-beds, and is popularly be-

lieved to suck the animals out of their shells.

Bishop Sprat, in his History of the Royal
Society, informs us that great penalties are

laid by the Admiralty Court upon those en-

gaged in the oyster-fishery who " do not tread

under their feet or llirow upon the shore a fish

which they call a Five-Jingcr, resembling a

spur-rovNcl, because that fish gets into the

oysters when they gape, and sucks them out."

Tiedemann found the creca to contain a grey-

ish-white fluid which he supposed to be di-

gested aliment ; others again, such as Meckel,
regard the coeca as secreting organs, analogous

to the biliary organs of many invertebrate ani-

mals, with which, it must be allowed, they

agree in several respects.

b. The mouth of the Echinus is an orifice

situated in the middle of the circular mem-
brane which fills up the lower aperture of the

shell (fg.l5, «.) The points of the five teeth

are seen within it, and at no great distance

from its circumference the ten tubular teutacula

(d) are observable, which have been already

de.scribed. The teeth are set in five moveable
sockets or jaws which surround the commence-
ment of the gullet, and with the addition of
some accessory pieces form the singular struc-

ture usually named Aristotle's lantern. The
lantern ('/gs.lO,17,and 18)has the appearance
of a five-Sided pyramid placed with its apex

Fig. 17.

Dental apjH itti.-^ (if iiic .^a-urclim viewed
from above.

downwards or towards the mouth, the gullet

(«) rising through its centre. It is made up of
five smaller hollow pyramids (A,) which are the
sockets of the teeth. Kiich lesser pyramid is

three-sided ; its external side (Jig. 18, fi',)

which forms one of the faces of the greater
pyramid, presents an opening in its upper
half which is closed by membrane ; its lateral
faces (fig. 18, h, A,) are applied to the cor-
respondnig sides of the adjacent sockets, with
which they are connected by short muscular
fibres (p); they approach each other at the inner

A, tteo mckets witii teeth,

of Echinus cscidctUwi.

B* single socket with
its tooth viewed on
the outside.

edge of the socket, but do not meet. Tlie
tooth {t) is prismatic, very long, and lodged
in a groove formed in the external side of the
socket ; its point projects beyond the apex of
the socket ; its opposite extremity or root rises

above the base, where it is bent inwards and
downwards and mclosed in a membrane. The
teeth are very hard at the point, but softer

towards the root, where they are easily sepa-
rable into transverse scales or plates with a
fine silky or asbestine lustre; they seem to
grow continually at the root, and wear at the
point as in the Uodentia.
Ten additional pieces contribute to form the

lantern. Five of these (() are oblong and
iiattened, and are placed horizontally, in a ra-

diating manner, on the upper surface of the
lantern, occupying the intervals between the
bases of the lesser pyramids. The other five

{k) are placed directly over the first; they are
longer but more slender, and bent in a semi-
circular form, the convexity being upwards;
their central ends are articulated with the cor-
responding extremities of the horizontal pieces

;

the outer ends are bifid and give attachment to

ligaments.

The muscles and ligaments belonging to the
dental apparatus partly pass between its dif-
ferent pieces, and partly connect it with the
border of the shell. It will be recollected that
the border of the shell forms five processes
(Jigs. 10 and 17, ^',g,g,) which rise in the form
of arches into its cavity round the lower aper-
ture. Ten muscles (m, m,) arise from these
arches, and descending inwardly are inserted
into tlie lesser pyramids or sockets near the
point. Two of these muscles come from every
arch, and diverging are inserted into difierent
pyramids, so that each jiyramid receives its

two muscles in a converging manner from two
adjacent arches. Tlie muscles described draw
outwards the sockets separating tliem and
widening the mouth. Other ten muscles {n, «,)
arise in pairs from the border of the shell in
the intervals of the arches, and, ascending, are
inserted into the outer surface of the sockets
near their base, each socket receiving a pair.
These are antagonists to the last described;
they move the points of the pyramids, and
consequently the teeth inwards and against
each other. Five muscles composed of short
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transverse fibres (_p,fig-1&,) unite the lateral

surfaces of the sockets, and serve to approxi-

mate them, acting collectively as a sort of

sphincter, and as antagonists to those first de-

scribed. Lastly, five muscles (Jigs. 10 and 17,

0, 0, 0,) pass between the semicircular pieces

on the upper part of the lantern. Besides the

muscles described, there are ten very thin

whitish bands (s, s,) which arise in pairs from

the external forked extremities of the semi-

circular pieces, and are inserted into the border

of the shell in the intervals between the arches.

Tiedemann describes these bands as muscles
;

Meckel, on the other hand, considers them as

ligaments ; in the E. esculentus they certainly

seem to us to be ligamentous. Two liga-

mentous filaments pass from the central end of

every semicircular piece to the gullet. A co-

vering of the peritoneum envelopes tlie dental

apparatus, extending to it from the border of

the shell.

The oesophagus (fg. 19, a,) rises through

the lantern, to which it is connected by fine

ligaments, and after a few curvatures termi-

nates in a wider part of the alimentary canal,

somewhat in the same way as the small intes-

tine joins the great in the human body. The
wider portion (i, b,) of the canal turns twice

round the inside of the shell in a waving
manner, and terminates at the anus (c). In

Fig. 13.

vorous habiLs of the sea-urchin is probably

more an inference from the structure of the

teeth and jaws than the result of observation ;

he, however, adds that M . Bosc had witnessed

an echinus in the act of seizing and devouring

a small crustaceous animal. In the intestine

of the E. esculentus we have usually found

numerous small morsels of sea-weed, for the

most part encrusted with a tlustra. The excre-

ments, which are in the form of small round

pellets about the size of ])epiiercoms, consist

chiefly of sandy matter with fragments of shells,

but it would be difficult to say whether these

are the remains of digested mollusca or merely

a portion of the usual testaceous debris so

abundant in sand and mud.
The principal difference of the alimentary

organs in the different genera of Kchinida de-

pends on the position of the anus and the

presence or absence of teeth. In Scutella,

Cli/peuster, FibuUiria, Echinuneus, Gakrites,

Ananchites, and Spatangus, the anus as well

as the mouth opens on the under surface. In

Echinus, Cidtiris, Cas.u(lula, and Nucteolites,

it is situated on the upper surface; in the first

two exactly in the centre, in the last two at a

greater or less distance from it. The teetli are

wanting in Spatangus and Cussidulu.

c. The alimentary canal of the Holotliuria is

Fig. 20.

Internal view of Echimu aexatilis.

A, under half; B, upper.

its second or superior circuit it changes to an

opposite direction, but its flexures in both cir-

cuits are parallel. The tissue of the alimentary

canal is very delicate, the external tunic is

formed by the peritoneum, which attaches the

intestine by a mesentery to the shell, lines the

inside of the latter, and is reflected over the

ovaries and the lantern. The inner coat of the

intestine is soft and of a brownish-yellow co-

lour; between it and the external, Tiedemann
states that delicate longitudinal and circular

muscular fibres are distinguishable.

Tlie Echini are generally believed to feed on
mollusca and Crustacea, and in corroboration

of this, Tiedemann states that he has found in

the Echinus sexatilis small univalve and bivalve

shells entire among the excrements, besides

fragments of larger ones. Blainville,* on the

other hand, could never find any thing else

than sand in the alimentary canal, and he re-

marks that the general opinion as to the carni-

,
* Did, dcs Sc. Nat. art. Ourtin.

Hololhuria lulmlom : alimentary canal and i

The respiratory organ, c, c, is cut ihort.
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rerj tiniple (fig. 30, e,f, g, h.)

At tlie mouth it is surrounded by
the teiitacula and calcareous ring

already described, it passes back-

wards on the right side the whole
length of the body (from c to/j)

then bending forwards it returns

to near the mouth (from _/" to g,)
and at last runs back again to the

posterior extremity (from g to h,)

where it terminates in a short and
wide cloacal cavity (</), conmion
to it and the respiratory organ,

and opening externally at the

anus. Tlie intestine is fixed by a

mesentery, and the cloaca is con-

nected to the parietes of the body
by numerous muscular bands de-

rived from the transverse muscles.

The coats of the canal are thin;

Tiedemann enumerates three, an
external derived from the perito-

neum, a middle which is very vas-

cular and contains muscular fibres,

and an internal or mucous. In
H. lubulosu a small part of the

canal near its commencement is

wider than the rest, has thicker

coats, and is more decidedly mus-
cular; Tiedemann regards this

part as the stomach. In H. pentactes, the part

immediately succeeding the oesophagus and ex-

tending nearly to the first flexure, is somewhat
cellular and at the same time wider, but thin-

ner in its coats than the rest of the canal

;

this part is considered to be the stomach by
Meckel,

It is a singular fact, which it appears was
first noticed by Redi, that several species of
Holothuria, on being taken from the sea and
put into a vessel of sea-water, discharge their

intestine and part of the respiratory organ
through the anus. This operation is effected

by repeated contractions of the cutaneous
muscles, and some naturalists are disposed to

regard it as a voluntary act.

4. Respiratory organs.—The Echinodermata
breathe through the medium of sea-water. In
the star-fish and urchin the water enters the
body, passing into the space in which the
viscera are lodged, and this cavity, which, as
already stated, is lined by a peritoneal mem-
brane and occupies the greater part of the
t)ody, is generally regarded as the chief seat of
the respiratory process. In the Holothuria the
water is alternately drawn in and expelled from
a tubular respiratory organ ramified within the
body.

a. In the star-fish the water is generally be-
lieved to enter and issue from the body by
numerous small tubes on the surface, which
have accordingly been named the respiratory
tubes. These are very small, membranous, and
in figure somewhat conical (fig. 298, <, r,

E.

615, vol. i.); they communicate at their
ase with the interior of the body, and are

perforated at the summit by an orifice which
can be very accurately closed. Most of them
are placed m groups or patches, and opposite

Fig. 21.

Portion of the «/»'« of Aiieriaa TubenSt seen on the inside and magnijied,

c, Cf peritoneal membrane raised.

each group the fibrous membrane forming the

wall of the body presents on its inside a shal-

low pit (^/(g. 21, fl,-./%. 298, vol. i. e;Jlg.\6,s,s,')

perforated with holes, through which the tubes

communicate with the internal cavity. The
tubes are formed externally of the superficial

layer of the skin, and are lined in the inside

by a prolongation of the peritoneal membrane.
This membrane lines the parietes of the body,

and is reflected over the contained parts; at

least it covers the stomach and ccEca, and pro-

bably also the ovaries and vesicles of the feet;

opposite the perforated pits it sends prolonga-

tions (i, b,) through the holes into the tubes,

as may be easily seen on stripping ofl" a portion

of it.

There can be no doubt that sea-water enters

the peritoneal cavity. The animal slowly dis-

tends itself with that fluid, and again, but at

no stated interval, gives out a portion of it:

this is obvious from the fact that the same
animal may be seen distended at one time and
flaccid at another. Naturalists are generally of
opinion that the water enters and issues by the

respiratory tubes, and indeed no other orifices

have been discovered ; we must, however,

freely own that we have never been able

actually to observe its passage through these

tubes.

The peritoneal membrane seems to be the

principal seat of respiration ; spread over the

viscera and the parietes of their containing

cavity, and lining the respiratory tubes, it pre-

sents a great extent of surface continually in

contact with the surrounding medium ; and we
have found that a beautiful provision exists for

maintaining currents of water along the mem-
brane, and thus effecting that constant reno-

vation of the fluid in contact with its surface
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wliicli is required in the respiratory process.

These currents are produced by ineiuis of cilia

;

they are more psirlicularly described in tlie

article Cilia, to which we refer the reader.

Ciliary currents take place also on the external

surface of the body, which probably partakes

in the process of respiration ; we have more-

over observed them within the tubular feet

and on the internal surface of the stomach and

coeca; in this last situation they are probably

subservient to digestion, but their use is more

fully considered in the article referred to.

b. The respiratory system of the sea-urchin

is very similar. The water enters the body
through membranous respiratory tubes, which

are collected into ten small bunches (Jig. 15,

f, e), situated on the under surface of the

animal at the border of the shell, and opening

internally by ten perforated pits like those of

the Asterias. The fluid being introduced into

the peritoneal cavity, is moved along its (arietes

and over the surface of the alimentary canal,

the ovaries and the vascular lamina.' of the

feet, by the action of cilia. Ciliary currents

have also been observed on the external surface

of the body.

c. The respiratory organ of Ilolothuria (fig.

^4j./> /> '') P- ll^^i ™'- '•) ''"s some resem-

blance ill form to that of air-breathing animals.

It is a very long membranous sac, placed

within the body, which oj^ens into the cloaca

near the rectum and extends forwards from

thence nearly the whole length of the body,

either single, or (as in Ilolotliuria tubulosa)

divided into two main branches (Jig. 20, c, f,

cut short. Jig. 34, _/',/, p. 109, vol. i.), which

in tlie vicinity of the cloaca are joined by a

short common stem. One of tliese branches

is intimately connected by bloodvessels to the

intestine, the other by muscidar fasciculi to

the parietes of the body. Tlie sac, whether

single or bifid, gives off a great many lateral

branches, which after successive divisions ter-

minate in shut or blind extremities. Both
stem and branches contain distinct circular and
longitudinal muscular fibres, and contract on
being irritated. In the act of respiration sea-

water is drawn into and expelled from this

organ, and its entrance and exit, which may
be readily seen at the cloaca, occur in some
species so often as once, twice, or even three

times in a minute. The alternate inhalation

and expulsion of the fluid are effected partly

by the action of the muscular parietes of the

body, but principally, it would appear, by the

muscular fibres of the organ itself, for Tiede-

mann observed the process still to go on,

though with diminished activity, when the

animal was cut open and the organ exposed.

Cuvier states that the sac in some species is

without branches.

5. Vasculitr si/stcm.—A system of vessels

for the circulation of the blood exists in the

animals under consideration. The tenuity of

their coats, however, and pale colour of their

contents render it extremely difticult to trace

completely the distribution of these vessels,

and we accordingly find that the descriiitions

of them given by Tiederaann and Uelle Chiaje,

the principal autliorities on the subject, differ

materially from each other. According to

Tiedemann the proper sanguiferous system is,

in its distribution, in a great measure confined

to the alimentary organs and ovaries, or to

these and the respiratory organ where such is

present; he therefore sup|)Oses that the canals

which convey the fluid of the feet serve more-

over as nutritious vessels to parts of the hotly

also supplied by the sanguiferous system. In

short he conceives that tliere are two .systems of

nutritious vessels distinct from each other, the

sang\iiferous system, confined to certain organs

already named, and the vessels of the feet,

destined to nourish another set of jiarts ; the

vessels of the first system cari-ying blood,

those of the second a nutritious fluid secreted

from the blood. Delle Chiaje on the other

hand maintains that the two orders of vessels

communicate together and form but one sys-

tem. From our own observations on the

Asterias we are disposed to conclude that the

vessels of the feet form a system apart from

the bloodvessels, as is maintained by Tiede-

mann ; but there seems considerable reason to

doubt whether, as that author supposes, they

serve as the nutritious vessels of the tiarts in

which they run ; for even according to his own
admirable description it does not appear that

they ramify in the tissues, if we except, perhaps,

the skin of the Holothuria. Moreover their

contained liquid does not present the usual

characters of blood or of a fluid adapted to

nourish the textures ; it is true tliere are float-

ing particles suspended in it, but the clear

fluid when filtered yields no trace of animal

matter, but agrees almost entirely in com-
position with sea-water; at least such is the

result of our examination of it in the Asterias.

The vessels of the feet having been already de-

scribed, we have here only to give an account of

tlie proper sanguiferous system, following Tiede-

mann as our leading authority, but at the same
time stating the more material points in which

Delle Chiaje differs from him.

a. In Asterias a delicate vessel runs along

the upper surface of each of the cceca. There

are, of course, ten such vessels in Asterias

auranliaca (from which the description is taken)

corresponding in number with tlie cceca

(Jig. 22, V, v). They commence iie.u the

extremity of the rays, and, receiving branches

from the branches and lobes of the coeca,

proceed to the central part of the animal, where

they terminate in a circular vessel (.i) which

runs round the upper part of the body on the

internal surface. Ine circular vessel also re-

ceives ten branches (.v, ^) from the ovaries,

and five from the stomach, which before joining

it unite into two (w). The vessels described

seem to constitute the venous system, and
Tiedemann further supposes that the coecal and
gastric veins convey the chyle or nutritious

part of the food from the alimentiry organs.

The circular vein opens into a vertical canal

(h, a.u(ljig. 12, h), which descends along the

prominent angle between two rays, inclosed

in the same membranous sheath with the sand

canal already described, and terrainales in an



43 ECHINODERMATA.

Fig. 22.

Asterias amantiaca opened from above.

ay with the cffica o, J,in their place. B, cttca removed ; vesicles effect d, seen. C, vesicles of
feet removed to snew the calcareous segments of the ray. D, skin forming roof of the body
and rays A, B, C, raised ; vessels seen on its inner surface with collapsed stomach,/, &c.

inferior circular vessel. The descending canal
is dilated in the middle ; its comparatively
thicic brown coloured parietes are smooth
externally, but reticulated on the inside and
composed of interlaced fibres, which Tiede-
mann found to possess muscular irritability.

He accordingly considers this canal as the
Iieart. The inferior circular vessel (which
must not be confounded with the circular
canal connected with the feet) surrounds the
mouth on the outside or inferior surface ; it

sends out five branches which pass into the
interior of the body, and are distributed to the
stomach, caeca and ovaries. Tiedemann re-
gards these branches with the circular vessel
from which they proceed as arteries, and he
thinks it probable that their minute ramifica-
tions open into tl\e radicles of the veins,

though from their delicacy he has not been

able to ascertain the fact by injection.

Tiedemann's view of the function of the

respective vessels is derived solely from a con-

sideration of their anatomical disposition, and

while in the same way it may be inferred that

the blood circulates in a direction conformable

with this view, it must nevertheless be kept in

mind that no direct physiological proof of

such a course of the blood has been yet ob-

tained. Besides the vessels described, Tiede-

mann found yet another circtilar vessel sur-

rounding the mouth on the under surface and
placed more superficially than the last men-
tioned ; it is of an orange colour and sends a

branch along each of the rays, in the groove

which is on the middle of their inferior sur-

face. He could trace no connection between
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this vessel or iu branches and the rest of the

vascular system, and he professes hiiiiseif at a

loss to conjecture what may be its function.

According to Delle Chiaje the circular ves-

sel (i, i,figsA2 and 22,) into which tlie canals of

the feet open receives also the veins from the up-
per surface of the ctcca and stomach. Tlie same
vessel, which he names the venous sinus, gives

out^l . twenty short (/c;i<a/ arteries; 2. the iiiesa-

raics to tlie under surface of the cocca ; 3. five

vertebral arteries whicli open into the vesicles

of the feet ; 4. the radial to the under part of

each ray ; 5. the dorsal arteries to the upper
part of the ray, which extend their ramifications

to the external surface of the body.

b. Echinus. A circular vessel, supposed
to be of a venous nature, surrounds the anal

extremity of the intestine (fg. 19, at c), being

situated on the internal surface of the shell.

A vertical vessel (c, cut short) descends from
it towards the lantern and opens into a short

oval canal (A) with muscular parietes, which
exhibits during life slow but distinct contmc-
tions and dilatations, and which is therefore

considered as a heart. The lieart is situated

near the commencement of the intestine

;

a vessel (i, i, i, i) issues from it which first

sends branches to the a-sophagus and the

muscles and membranes of the lantern, and
then runs along the whole intestine on its inner

border, first increasing somewhat in diameter,

afterwards gradually diminishing as it ap-

proaches the anus, where it terminates. This
vessel gives off at all points of its course small

branches to the intestine; it contains a dark
yellow fluid coagulable by alcohol, and its

parietes contract on mechanical irritation

;

Tiedemann conceives it to be an artery. Ano-
ther vessel (/f, k, k, k) equal in length to the

last described, but not directly connected with
the heart, runs along the intestine on its outer

or mesenteric border ; it also is widest in the

middle of its course, fiora whence it may be
traced in one direction as far as the lantern,

and in tlie other to the vicinity of the anus.

Along its whole course this vessel receives

small branches from the intestine, and gives

off branches from its other side, which pass

along the mesentery to the internal surface of
the shell, and are ramified on the lining or

j)eritoneal membrane. Tiedemann regards this

vessel as a vein ; but as it does not directly

communicate wiUi either the heart or the cir-

cular vessel, he conceives that the fluid which
it circulates is conveyed into it by one set of
branches, and out of it by the otiicr, the in-

testinal being its entering and the mesenteric
or peritoneal its issuing branches. Lastly, the

circular vessel placed round the termination of
the intestine receives several vessels which
come from the peritoneal lining of the shell,

and whose commencing branches arc probably
continuous with the terminations of the peri-

toneal branches from the longitudinal vein.

Tiedemann conceives the circulation to take
place in the following manner. The blood
passes from the circular vessel into the heart

;

it is then propelled along the artery and its

branches ; from these it passes into the veins

of the intestine, which also absorb tlie chyle,
and the mixed fluid is conveyed into the great

longitudinal vein; it next passes into the
branches of this vessel, which are distributed

to the lining membrane of the shell, and is at

last conveyed back by another set of vessels

into the circular vein, fi'om which we have
supposed it to set out. That this is the course
of the circulation is inferred from the anatomy
of tlie circulating organs. On similar grounds
Tiedemann with great probability supposes that

the blood undergoes its respiratory change,
at least chiefly, in its passage through the

vessels of the peritoneal membrane, being
there most effectually exposed to the influence

of the water; he accordingly compares the
branches of the great vein which ramify on
that membrane to pulmonary or branchial

arteries, and the vessels which return the blood
to the circular vein, together with that vein

itself, to pulmonary veins. He found that the

fluid contained in the longitudinal vein was
of a yellowish white colour, from which cir-

cumstance, as well as from the fact that he
could discover no special chyliferous vessels,

he inferred that the chyle was absorbed by its

intestinal branches. This vein did not con-
tract on the application of stimuli.

Delle Chiaje's description of the vessels

of the Echinus is in substance as follows. Aa
annular vessel surrounds the oesophagus ; it

receives the termination of the intestinal vein,

and gives out the intestiiud artery, which like

the vein runs along the intestine, and also five

asopliageal arteries, which before ramifying on
tlie mouth communicate (by means of a brai.ch

passing between the muscles of the teeth) with
tlie dorsal arteries. Tliese last are the canals

of the feet; they run along the ambulacra to

the anus, where, according to Delle Chiaje,
they form a ring, and in their course send
lateral branches into the feet.

c. Holothuria. A vessel (fig. 20, i, i, i, i,),.

which Tiedemann conceives to be tlie great

artery, runs along the free border of the intes-

tine. It is widest in the middle, and gradually
disappears posteriorly in the neighbourlioo<l of
the cloaca, while anteriorly it forms an annular
vessel (at e) round the stomach, out of which
branches proceed to the stomach, the ovaries

and the sac connected with the canals of the

feet and tentacula formerly described. A short

but wide anastomosing branch (cut at k, k,)

pas,<es from the artery about the middle of the

first portion of the intestine, to join it again at

the middle of the second portion (m), that is,

nearly about the middle of the arterial trunk

itself. Slow contractions, followed by dilata-

tions, were observed by Tiedemann in this

vessel ; they commenced at the middle or

widest part, and proceeded in opposite direc-

tions to its two extremities, carrying on the

light brown-coloured blood contained within it

in a corresponding manner. The main artery,

which seems thus also to serve the purpose of
a heart, sends in its course numerous branches

to the intestine, from these the blood is received

by the commencing veins, which, uniting to-

gether at the opposite or attached border of the
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intestine, form a plexus along its first jwrtion,

whose brandies ultimately terminate in a large

ioeigitudinal venous tiunk (;i, n, n, n). The
blood is conveyed from this great vein to the

right branch of the respiratory organ, (which

lies between the first and second portions of

intestine,) by a considerable number of vessels

which divide like arteries into smaller ramifi-

cations on the lung, and may therefore be cora-

jjared to pulmonary arteries. The capillary

branches of these vessels transmit the blood

into the commencing pulmonary veins, which,

uniting into larger and larger branches, ter-

minate in a third longitudinal vessel ("),

situated on the second portion of intestine.

This last-mentioned vessel, which may be con-

sidered as the great pulmonary vein, sends

branches on the intestine which open into the

wide part of the main artery, and thus the

blood is carried to the place whence it set out.

According to Delle Chiaje, the principal vein,

after diminishing in width, opens into the

oblong sac which is connected with the vessels

of the feet, and out of this bag six vessels

issue. One of these is the great artery, which
runs along the intestine ; the other five are the

vessels of the tentacula and feet previously

described ; each of them sends four bi-anches

for%vards to the tentacula, and a long one
backwards between the longitudinal muscles

to the vesicles of the feet.

3. Nerves.—Tiedemann discovered a nervous

system in the star-fish. He describes it (in A.
aurantiacu) as consisting of a delicate white

cord surrounding the mouth, in form of a ring

immediately on the outside of the circular

vessel into which the heart opens, and of di-

verging filaments which arise from the annular

cord opposite the rays. (I'ig. 23.) There are

Fig. 23.

Cffeet ; ejfeet cut across ; f, apertvresfor the feet.

three filaments for each ray; one runs along
the under surface in the median line, and ap-
pears to send small branches to the feet ; the

other two, which are shorter, pass between the

first and second segment of the ray into the

interior of the body, and arc probably distri-

buted to the stomach. Tiedemann could dis-

cover no ganglia, but others describe minute

ganglia as existing at the points where the

diverging filaments originate.*

The Echinodermata have not generally been

supposed to possess any other sense than that

of touch. Professor Ehrenberg has how-

ever recently called attention to certain parts

in the Asterias, which he is disposed to re-

gard as organs of vision.f lliese have the ap-

pearance of small red spots, one of which is seen

at the extremity of each ray. They have been
long known to exist in several species of Asterias,

but no one ever assigned to them any particular

use till lately, when Professor Ehrenberg, struck

with their resemblance in aspect to the eyes of

Entomostraca and Infusoria, conjectured that

they might be of the same nature. He states that

he has traced the long nerve of the ray as far

as the extremity, where it swells into a sort of

ganglion with which the red point or supposed
eye is connected.

In the Eihinm Tiedemann observed fine

filaments on the internal surface of the mem-
brane which fills the inferior opening of the

shell, and on the dental apparatus and the

longitudinal vessels of the feet, from which he

inferred that a nervous system probably existed

in the Echinus analogous in form to that of the

Asterias. In the same way he was led to sus-

pect the existence of such a system in the

Ilolothuria, though by dissection he could make
out nothing more than several exceedingly

delicate filaments, some of which were situated

in the neighbourhood of the moutli, and ap-

peared to enter the tentacula, and others lay

on the longitudinal muscles. Dr. Grant de-

scribes a connected nervous system in the Echi-

nus and Holoihuria, but without mentioning

on whose observations his description, which
we here transcribe, is founded. " A nervous

chord," he states, " is seen round the oeso-

phagus of the Echinus, which sends delicate

white filaments to the complicated muscular
and sensitive apparatus of the mouth ; other

nerves are seen extending upwards from the

same oesophageal ring, along the course of
the vessels in the interior of the abdominal
cavity. In the Ilolothuria the nervous sys-

tem is extensively developed. Interior to

the osseous apparatus of the mouth is a white

nervous ring around the oesophagus, from
which nerves pass outwards to the large

ramified tentacula around the mouth, and
others extend upwards along the course of

the eight strong longitudinal muscular bands.

Fine white filaments are likewise seen passing

inwards to the stomach and alimentary ap-

paratus."! I" ^ recent notice of some obser-

vations on the Echinus by M. Van Beneden, it

is stated that he distinctly recognized a nervous

collar surrounding the cesophagus.

6. Generative organs.— The only organs

hitherto discovered in the Echinodermata, which

• Grant's Comparative Anatomy, p. 184.

t Miiller's Archiv fur Anatomic, Physiologic,

&c. 1834. p. 577.

} Compariitivc Anatomy, p. 184.
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can with certainty be regarded as belonging to

the geiierdtive system, are tlie ovaries, wliich

are found in all. These animals would tliere-

foie appear to have no distinction of sex.

Whether the concurrence of two individuals is

in general necessary for propagation is uncer-

tain ; <). Fabricius affirms it of the star-fish,

but further observation vvould be required satis-

factorily to establish the fact; he says " con-

greditur" (Ast. rubens) " mensc Maio, oribus

arete conncxis, altera supina."*

0. The ovaries of Asterias seem to vary in

number according to the species. In A. rubens

and uurunt'mca there are ten, two being situated

in each ray, above the vesicles of the feet.

Kacli of these organs consists in the former

species of an oblong cluster of ramified tubes,

C.//gs.l2and 16, (),and ato'.cut short), proceeding

all from a single stem by which the organ is

fixed, and terminating in round vesicular dila-

titions. In --1. auruntlaca the tulx;s are not

all connected by a single stem, but form about

twenty fasciculi, each of which has a distinct

attachment (Jig. 22, », o).

The vesicles conuiin a whitish pulpy sub-

stance, with which they are more or less dis-

tended according to the season of the year

;

so that the ovary, varying thus in size, is found

to occupy sometimes a greater at other times a

less extent of the ray, to tlie commencement
or base of which it is attached. Tiedemann

could discover no excretory duct of the ovary;

and nothing positive is kno%vn as to the way
in which the ova are formed and discharged

from the body. Tiedemann conjectures that

they escape by openings situate in the neigh-

bourhood of the mouth, in the angles between

the rays.

The Ophiuralias also ten ovaries, which do
not lie in the rays, but in the central part of

the animal, and which, according to Meckel,

open externally by orifices on the ventral sur-

face.

b. The Echinus has five ovaries, (fig. 10, c,)

att.-iched to the inside of the shell in the upper

part of the body, and occupying the spaces

Detween the five rows of feet. They are often

joined together laterally. They consist of an

assemblage of small round bodies, which are

the ova. Five short tubular oviducts come
from the upper end of the ovaries and open

externally by an equal number of orifices,

pierced in five oval plates which surround the

aims. The size of these organs, as in the star-

fish, varies much according to the degree of

maturity of the ova. The ovary, or row as it

is named, is the part used as food. Mr. Pen-

nant stales that the K. csculentus is " eaten by
the poor in many parts of I'lngland, and by
the better sort abroad ;" in ancient Rome the

Echini formed a favourite dish at tlie tables of

the great.

r. The ovary of Ilotothuria tubulosa (fig. 34,

m, p. 109, vol. i ) is situated at the fore part

of the body near the stomach and first portion

of the intestine. It is a tube with many clus-

tering branches, which terminate in blind and

* Fauna Groenlaniiica, p. 368.

slightly dilated extremities. The main tube or

oviduct runs forwards idong the stomach, and
opens externally on the doi'sal aspect of the

body a little way behind the mouth. Iletween

the insertion of its branches and its external

orifice, eight or ten pyriform vesicles open into

it, close to each other, by long tubular pedi-

cles.

Tlie size of the ovary varies excessively at

difierent periods ; its branches usually contain

a whitish fluid ; but Tiedemann states that

about the end of October he has in some in-

stances found the organ enlarged to twice or

three times its usual dimensions, and con-

taining oblong brown-coloured bodies from

half a line to a line in length, which he sup-

poses were eggs or perhaps embryos. From a

statement of U. Fabricius it would appear that

the llol. pentactes is ovo-viviparous : he says,

" est vivipara : mense enim Martio in ilia versus

anum pullum libere natantem, rubicundum
vidi."* The pyriform vesicles are found en-

larged at the same time with the ovary itself,

and Tiedemann conjectures they may be male
organs, by which a fecundating fluid is produced

and applied to the ova.

7. Regeneration of List parts.—The star-fish

afibrds an example of great regenerating power.

Individuals are often found which have evi-

dently sustained the loss of one or more rays,

and in which new tays, as yet incomplete

in their growth, occupy the place of the

old. Experiments have been even purposely

made which were attended with the same
result; but we are not aware that the process

of regeneration in these animals has lieen care-

fully traced in its successive steps, or at least

fully described. In 1741 and 42, Messrs.

Bernard de Jussieu, Guettard, and Gerard de
Villars made observations and experiments on
this subject at various parts of the coast of
France. These researches were undertaken at

the request of M. de Reaumur, who thus de-

scribes them. " They (M. de Jussieu and
Guettard) brought me specimens of star-fish

with four large rays and a small one still

growing; they found others with only three

large and two extremely small rays ; others

again with two large rays and three very

small, and, as it seemed, very young ones.

Lastly they more than once met with a single

large ray from which four small ones had
begun to sprout." After remarking that the

fact had been long familiarly known to the

fishermen, M. Reaumur continues, " The
portions into which Messrs. Jussieu and Guet-
tard had divided the animals appeared to go
on well, the wounds cicatrized and consoli-

dated, but the experimenters were obliged to

limit their stay on the coast to about fifteen

days ; too short a period to trace the progress

of a reproduction which apparently is not

completed till after several months, or perhaps

even upwards of a year."t

BlOLlocr.APHY.—A'Jeini'iM, NataralU disposiiio

* Fauna Grornlandica, p. 353.

t Reaumur, Memoires poor servir a rhistoire

dea insectea, tome vi. preface, page Ix. (q.
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Echinodematttm, 4u>. Iiins. 1778. LiiMus, De
stellis marinis, fol. I-<ips. 1733. BiainviUe, Diet,

des Sc. Nat. art. Oursin. Tiedemann, Anatomic
der Rohrenholothiiric, &c. Heidelberg, 1820. Eh-
retiberg, in Meckel's Archiv fur Anat. &c. 1834.

Dt^Ue Chiaje, Memorie suUa storia degli animali
senza vertebre del regno di Napoli.

( W. Sharpcy.)

EDENTATA.—A group of raaramiferous

animals, exhibiting no very distinct general

characters to indicate any close mutual affinities

between them, but agreeing in the unimport-

ant character of the absence of incisive teeth

and the possession of long clavfs. They may
indeed be considered as consisting of two very

distinct groups ; llie one exclusively vegetable

feeders, the other generally insectivorous in

their habits. To the first belong the Sloths

( Bradypus), (Jig. 24), constituting the Tar-
digrada of Illiger ; to tlie second, the Ant-
eaters (Myrmecophaga), (fig. 25), the Arma-

dillos (Datypvs), C/^. 26), the Pangolin ('Mo-
rtis) (Jig. 27), with their congeners, and the re-

cently discovered American fossorial animal, the

C/itami/p/wrus, forming the Eilentata proper.

The enormous extinct animal, the Megathe-
rium (Jig. 28), may be considered as an addi-
tional form, and a very interesting and impor-
tant one, as it certainly exhibits some charac-
ters which appear to connect the Turdigrada
and the true Edent/ita. The organization of

these forms is so different as to require a se-

parate description. The Omitlwrynclms and
the Echidna are necessarily excluded from the
Edentata, with which they had been united
by Cuvier and others, and form the group
called Monotreniata by Geoffroy.

In the Sloths, the whole structure is evidently
formed to enable them to pass their life in

trees, amongst the branches of which they con-
stantly reside, hanging with the back down-
wards and creeping slowly along in this remark-
able position, embracing the bough, and

Fig. 24.

Skeleton of the Slolh.

Fig. 25.

^elelon of the Ant-eater,
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Fig. 26.
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Skelelon of the Armaditlo.

Fig. 27.

Skeleton of the Sfani).

Fig. 28.

Skeleton of the Megatherium.

stretching out their hands, which in the Ai or

Bradypus triilactyhts are of great lengtli, to

enable them to lay hold of the extreme twigs,

and bring them to the mouth. Their progres-

sion on the ground is excessively slow and
awkward, and should they be obliged to have

recourse to it either from accident or from
being forced by famine to seek a new tree on
which to obtain their subsistence, they quit it

as speedily as their peculiar organiKition will

j)ermit, and ascend the nearest tr«e with an
awkward attempt at alacrity. The whole of

their structure is admirably adapted to these

extraordinary habits; and although upon a

comparison of these slow-moving creatures

with the active and intelligent and elegant ani-

mals which form the more conspicuous groups

of the Edentata, they may appear to possess

but few advantages of structure, and little to

excite interest in their habits, yet a careful

investigation into the relation between their

organization and their mode of life will shew

that not even in the most elevated forms of

the animal creation, does the wisdom of the
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Creator display itself more fully than in the

construction of these contemned and apparently

apathetic beings. I must refer the reader to

a highly interesting paper by Professor Buck-

lar.d in the Linna-an Transactions, in which

the libels of Cuvier on this maligned animal

are beautifully and satisfactorily refuted.

Tlie Ant-eaters and Armaddlos, on the other

hand, which may be considered a.s the true

Eilcntata, are constructed for very different

habits, and the Clilui/ii/p/iorus must be consi-

dered as offering a very near affinity to the

latter genus. Tlie Ant-eaters with their thick

long hair and fossorial claws, and the long ex-

tensile tongue will) which they are furnislied,

are thus enabled to scratch or dig up the ant-

hills and to receive their minute but multi-

tudinous inhabitants on the mucous surface of

tlie tongue ; whilst by their long dense hair

they are protected from the annoyance or dan-

ger which their little troublesome victims

would otherwise inflict. The Armadillos and

the Clilami/p/iorus, on the other hand, pursue

their insect prey either on or beneath the sur-

face of the earth, and are protected from the

attacks of their enemies by the panoply of

mail with which they are furnished.

Tfie osseous system. The cranium.—The ge-

neral character which at once strikes us in look-

ing at the cranium of the Sloths (Jig 29) is its

Fig. 29.

Head of the Sloth.

extreme shortness, particularly with regard to

the facial portion, and the roundness of its

whole contour. In the insectivorous forms
the muzzle, on the contrary, is greatly elongated.
Thefrontal bone in the Tardigrada is large, and
the anterior portion convex ; it has no zygo-
matic process, and the frontal and orbital por-
tions pass into each other by a very obtuse
angle. T\ie parietal bone in most is of a square
figure. In the Armadillos (Jig. 30) and in the

Orj/ctcroptis the two parietals are united fcom

an early period ; in the Ant-eaters, on the con-

trary, they remain separate. In the Sloth the

squamous portion of the temporal bone is of

large dimensions, and the acoustic portion of

but moderate size. The zygomatic process is

small and does not reach the jugal bone ; a con-

struction which is still more conspicuously

seen in the Ant-eaters. The occipital bone is

large ; the squamous portion broad and
rounded, the superior part being continued to

the inferior by an obtuse angle in the Sloths,

and by nearly a right anglein the true Edentata.

The occipital foramen is round. The jugal
bone offers some remarkable peculiarities in its

form. In the Ant-eaters (Jig- 31) it occurs in a

Fig. 31.

Head of the Ant-eater,

very imperfect condition, being merely an ob-

long plate of bone, terminating posteriorly in

a rounded point, situated in the posterior ex-

tremity of the superior maxillary bone, and

beneath the lachrymal, extending posteriorly

scarcely beyond the latter ; consequently it is

remote from the temporal bone throughout the

whole length of the temporal fossa, and there

is no zygomatic arch. In the Manis (fig.

32) it is absolutely wanting. In the Arma-

Fig. 32.

Head of the Armadillo.

Head of the Manit.

dillos it is somewhat more fully developed

;

it is larger and higher and reaches the tem-
poral bone by its posterior portion. In the

Sloths, especially in the Braitj/pus didactylus,

or Unau, it attains a much greater size, and has

on its inferior margin a long process extending

downwards and backwards almost to the base

of the lower jaw. This remarkable process is

also found in the enormous fossil animal the

Megatherium (Jig. 33). The posterior extremity

of the jugal bone is remote from the zygomatic

process of the temporal in the Sloths, but in the

Megatherium these bones are united, and the

zygomatic arch is therefore complete. The in-

ferior maxillary bone varies excessively in this

order. Inthe Orycteropus, Manis, and Myrme-
cophaga, it is extremely long and depressed ;

its height does not greatly vary in the whole of
its length. In the Armadillos it is much shorter,

and in the Sloths it is extremely short and trun-

cated. The intermaxillary bone is excessively

small in the Ant-eaters and the Sloth, which are

not furnished with any incisive teeth, but in

Armadillos it attains a somewhat greater degree

of development, especially in the genus Da-
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Fig. 33. Fig. 34.

Head of the .Vegalherium,

sypus. Tlie itiferior muxillaiy hone varies

no less in its form in the dirt'erent genera of

this incongruous order tlian the superior. It

is greatly elongated and very slender in the

Edentata pro/wr, particularly in the Ant-eaters;

the ascending plate is thin and small, the right

and left branches of the bone are united at the

symphysis to a considerable extent, and at a

very acute angle. In the Sloths tliis bone ex-

hibits a very different structure ; it is short and
deep, the ascending plate is broad and almost

square, the angular process is very large, and
the two branches of the jaw unite at the

symphysis without an angle, the anterior por-

tion of each side being curved inwards to meet
its fellow. In the Megutherium the body of

the bone is still higher and shorter, but the an-

terior part is prolonged into a narrow and de-

pressed groove somewhat similar to that of the

elephant.

Tlie vertebral column.—^The variation in the

form and construction of the vertebrae will be
found to bear an exact relation to the habits of

the different genera. The cervical vertebra of

the At, Brudypiis truiacti/ltts, have always, until

very recently, been believed to fonn an excep-

tion to the general law, which assigns seven as

the strict number of these bones in the mam-
miferous animals. That this number should

exist equally in the hog and the giraffe is in-

deed a remarkable fact, and may be considered

as a striking illustration of the law by which
variations in volume in any particular system
of organs arc provided for rather by the differ-

ence in volume or in the relative proportions of

the organs themselves, than by any abrupt

change in their number, llie supposed excep-

tion to this law which now conies under our
notice consists in the fact that the neck of the

animal in question, (speaking of the part

rather in reference to its use than in strict ana-

tomical language,) is formed of nine vertebrae.

Two skeletons in my own possession, however,
have enabled me todemonstrate that tlic posterior

two of these vertebrx (Jig. 34) have attached to

them the rudiments of two jiair of ribs in the

form of small elongated bones articulated to the

transverse pi-ocesses of these bones, which are

therefore to be considered as truly dorsal ver-

tebrae, modified into a cervical form and func-

tion, suited to the peculiar \vants of the animal.
The object of the increased number of ver-

tebra; m the neck is evidently to allow of a

more extensive rotation of the head ; for as

vol.. II.

SJv

Neck of the Sloth.

each of the bones turns to a small extent upon
the succeeding one, it is clear that the degree
of rotation of the extreme point will be in pro-

portion to the number of moveable pieces in

the whole series. When the habits of this

extraordinary animal are considered, hanging
as it does from the under surface of boughs
with the back downwards, it is obvious that the

only means by which it could look downwards
towards the ground must be by rotation of the

neck ; and as it was necessary, in order to

effect this without diminishing the firmness of
the cervical portion of tlie vertebral column, to

add certain moveable points to the number
possessed by the rest of the class, the ad-
ditional motion was acquired by modifying
the two superior dorsal vertebra;, and giving

them the office of cervical, rather than in-

fringing on a rule which is thus preserved

entire without a single known exception.

In the two-toed Sloth there is but one pair of
these rudimentary ribs, and consequently only
the first dorsal vertebra enters into the compo-
sition of the neck.

The dorsal portion of the vertebral column is

particularly long in the Ant-eaters as well as the

Sloth. These vertebrae are also generally more
numerous in this than in most other groui^s—the

great Ant-eater having sixteen, the Ai fourteen,

and the Unau no less than twenty-three—a larger

number than is found in any other mammi-
ferous animal. The ribs offer some striking

peculiarities in their construction. In the Ant-
eaters and Amiadillos they are excessively broad
with the exception of the first and second. In
the Mi/rmecophaga jubuta and M. Jiiiactyla

they overlap each other in an imbricated man-
ner on the upper part,—a conformation which
gives great solidity to the chest. The Sloths

and the Megathcriitm exhibit also considerable

breadth of the ribs, but to a much less extent

than that just described, and the latter animal,

F,
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at least in the remains lately described by Mr.
Clift, the part joining the sternum, and answer-

ing lo llie cartilages of the ribs, is bony and is

connected to the rib itself by a moveable arti-

culation. The lumbar vertebra are generally

broad and furnished witli strong spinous pro-

cesses. The transverse processes are incon-

siderable in the Sloths, but large in iheEdentata

proper. In the Armadillos the anterior articu-

lar processes are particularly strong and larger

even than the spinous. This is the case, but to

a less degree, in the Ant-eaters. In the Orycte-

ropus there are slight indications of inferior

spinous processes on most of the lumbar verte-

bra;, consisting of a small longitudinal crest.

The caudal vertebra vary excessively in num-
ber. In the Unau and Bradypus didactylus

they are very few—not more than seven or

eight ; in the large Ant-eater forty, and in the

African Manis forty-five. In the remains of

the Megatherium lately deposited in the Mu-
seum of the Royal College of Surgeons, the

tail would appear, according to Mr. Clift's

computation, to consist of eighteen vertebrae at

least. The caudal vertebrae of the Edentata

proper have inferior spinous processes of a

remarkable form, being constituted of two

branches meeting inferiorly in the median line.

The Megatherium possesses similar V-shaped

processes. In the Mi/rmecophaga didactj/la the

two branches are not united in the anterior two
of them. The sternum offers a considerable

developement of themanubrium or anterior bone
in the whole of the Edentata, particularly in (lie

Ant-eaters and Armadillos. It is also rather

large in the Megatherium.
The pe/ris in the Edentata proper is much

elongated, and the acetabulum rather behind the

middle of the whole length of the bones. The
ileum, which forms the anterior half of the pel-

vis in the Armadillo, is fixed to the sacrum by
its posterior portion, a surface of considerable

extent. The ischium and pubis are large, the is-

chiatic notch wide, and the cavity of the pelvis

capacious. In the Sloths and Megatherium
the pelvis is of large dimensions, the ilia very

broad, especially in the latter ; the cavity capa-

cious, and the outlet large. The ossa pubis are

joined at the symphysis in most of the Eden-
tata, as is now ascertained by Mr. Clift, in the

Megatherium. In the Myrinecuphaga diduc-

tt/ta, it is stated by Cuvier to be open. The size

of the pelvis in the Megatherium is enormous.
On comparison of it with the pelvis of an
elephant eleven feet in length, Mr. Clift found
that in the former the ilia are 5ft. lin , and in

the latter only 3ft. 8in.

The anterior ej:tremiti/.—Tlie principal cha-
racteristic of the bones of the arm in the Sloth
is their extraordinary length. The humerus is

very much elongated and cylindrical, with the
elevations but slightly marked. The ulna and
radius are also very long, and bowed, so that

the bones are distant at the middle of their

length ; the radius is \ety broad anteriorly.

The very complete power of pronation and su-
pination enjoyed by this animal is no less ob-
viously suited to its habits than the great
length of its anterior extremities; both of which
peculiarities are admirably subservient to the

complicated objects of holding by the boughs,

of advancing along their under-surface, and of

reaching and bringing to the mouth the leaves

on which it feeds ; and the structure of the

hand (Jig. 35) is no less suited to the same piir-

Fig. 35.

Hand of the Sloth.

poses. The carpus is as long as it is broad ; it is

composed of six pieces only, of which four form
the first series, and two the second. The os

scapho'ides is the largest of the whole, cUid is

articulated with the os semilunare by a convex
articular surface : the os cuneij'orme presents on
its ulnar side an oblique flattened surface ; the

OS pisiforme, which is not named by Cuvier,

does however exist, though it is of small size.

The inner and larger piece of the anterior series

probably consists of the cs trapezium, trape-

zoideum, and magnum united ; and the external

one solely of the os unciforme. In the Unau the

OS trapezoides is distinct. The metacarpal

bones, to return to the Ai, consist of three per-

fect and two rudimentary, the whole of which
are united at their base to each other and to the

inner solid carpal piece, consisting of the three

bones before mentioned; so that in fact the five

metacarpal bones, with the os trapezium, tra-

pezoideum, and magnum, form one solid osseous

piece. The fingers, which are three only, are

very long, and consist each of two moveable
phalanges only, the first being very small and
early anchylosed to the metacarpal bone. In a
very young skeleton in my possession, these

bones aie not yet united. There is but very

little flexion between this part and the second
phalanx, but between the latter and the third or

ungueal phalanx the Hexion is complete, the

latter being bent down to the palm with perfect

ease. These ungueal bones are very long,

curved, laterally compressed, large at the base,

at which part there is, as in the cats, a bony
sheath to cover the base of the claw ; and the

latter envelopes the phalanx for about five-sixths

of its length.

The posterior extremity in this remarkable

animal offers no less striking peculiarities.

The breadth and openness of its pelvis have been
already noticed. The/emuris articulated to the

acetabulum so as to stand obliquely outwards
from the pelvis ; it has a short head, and is it-

self rather short, strong, and flattened. The
tibia ai\(\Jibutu are long and slender, and some-
what curved ; the superior articular surfaces of
the tibia are Hat, that of the inferior extremity
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small, triangular and slightly concave ; but the

most extraordinary articulation is that of the

Jihuitt with ihenstragulm; its inferior extremity

terminates in a conical |X)int, which enters and
plays in a corresjxjnding cavity in the latter

oone. 'lliis j)eculiarity of tlie articulation of

tlie ankle, which wai considered by Cuvicr as

only additional evidence of the imperfection

of the animal's structure, is no less admirably
adapted to its habits than those points which
have been previously noticed. The feet, it is

true, are turned inwards, and there is no }X)S-

sibility of placing the sole on the ground ; but
it is the better adapted for clasping boughs,

and tlie freedom of rot;>tion which is provided
by this curious joint allows of every kind of

motion required in such circumstances. Tlie

tarsus consists of the ustruf^utui and os calcis,

which are separate, and of the usual anterior

series of bones, which in the aged individuals

are anchylosed together as well as to the meta-
tarsal bones, which are themselves united as

in the carpus. The tubercle of the os calcis is

very long, and so situated as to afford a sort of
opposing thumb to the flexed phalanges. Tlie

latter bones very nearly resemble those of the

anterior extremity.

It is impossible not to be struck, even on a
superficial view of the extraordinary structure of
theanteriorand jxisterior extremities of theSloth,

with the complete adaptation of this deviation

from the normal form to its peculiar mode of
life, (irasping the boughs of trees on which it

botli feeds and reposes, crawling along with
the back downwards and the belly pressed
against the tree, and culling, with the long

arms, the leaves at the inaccessible extre-

mities of the branches, the usual construction

of the members would be absolutely useless,

and an incumbrance instead of an assistance.

But by the great breadth of the pelvis, the di-

rection ofthe femora, the long and curved claws,

the consolidation of the tarsus, and the curious

structure of the articulation of the fibula with
tlie astragalus, every requirement of security

and progression is obtained ; whilst in the an-

terior extremity the extensive motion of the

shoulder-joint, the great length of the arms, the

complete flexion ofthe fingers, and other peculia-

rities, combine, with tliat security and facility of
progression, the most effective means of ob-
taining the animal's peculiar food.

O/' the Edentata proper.—Tlie extremities

in animals of this class are, as may be con-
cluded from their habits, very
diflerently constituted from those

which have just been described.

In all of tliem the object to be
obtained is facility in digging
the ground, or scratching up
immense nests, in search of
the insects which constitute

the principal food of most of
these animals. The gigantic

Megatherium, however, appears
to have combined the phytopha-
gous character of the Sloth with
the fossorial habits of the Dasj/-
pus, and is supposed to have
lived upon roots, which it

snatched or dug up witli its enormous claws.

The scapula of the'Ant-eaters and Armadillos is

found nearly like that of the Sloth ; in the

Myrmecophagujubuta a process of bone extends
from the coracoid process to the anterior margin,
rendering that which is a notch in other species

a complete foramen. A second spine inferior

to the true one is also observed in tliat species,

in which respect it resembles the Unau or
two-toed Sloth. The scapula of the Armadillos
is very high and narrow. In that of the Mega-
therium there exists a large process of bone ex-
tending from the coracoid process to the acro-

mion,andthus completely uniting theseprocesses.

The clavicle exists in many of the Edentata, as

the Armadillos and Ant-eaters, but is wanting
in the Matiis or Pangolin. That of the Megathe-
rium ofii^rs a remarkable peculiarity. It extends
from the acrumiun, not to the sternum as in all

other cases, but to the first rib. The humerus is

in most of the order very short and robust, and
its elevations strongly marked. In the Ant-eaters

the part above the inner condyle is extremely
developed, to give attachment to the powerful
flexors of the claws ; and the crests for the in-

sertion of the deltoid and great pectoral muscleji

are very prominent and angular,—a structure

which is also conspicuous in the Armadillos and
Manis. The humerus of the Megatherium has

a similar general form ; it is rude, short, and
excessively strong, with abrupt and large ele-

vations for the different muscular attachments

;

the inferior part es|)ecially becomes suddenly
larger, from the existence of a strong and ele-

vated external crest.

The habits of die Edentata proper demand
a very different construction of the fore-arm
from that of the Sloth. Requiring immense
strength in digging the ground, the short ole-

cranon which exists in the Sloth would be
wholly inefficient. A long lever is necessary,

and hence we find that in the whole of these

the olecranon is of an extraordinary length, and
that in the Megatherium its more moderate
length is compensated for by its immense
strength. In the five-toed Armadillo this pro-

cess is so extensive as to render the ulna no
less than twice the length of the radius, and
in the other species of the same genus it is

not much less. The radius is broad, robust,

and strongly marked, particularly towards the

carpal extremity. The hand in the Myrmeco-
phaga (Jig 36) and its kindred genus Manit

Fig. 36.

the Ant-eater,

E 2
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offers a very remarVablc stnictiire. Tlic ungvail

phalanges, like those of tlie Slolli, arc restricted

in their motion to simple Hexion, in which

position tliey are retained during rei>ose by

strong ligaments. In the Myrmccophaga tlie

terminal (ihalanges are deeply grooved in the

margin ; in the latter they are bifid. The pha-

langes of the fingers themselves are very une-

qual in length and thickness. The middle

finger is of extraordinary size, every articula-

tion being very robust, and almost twice as

thick as either of the others; the next on each

side are nearly as long but much smaller, and

the outer shorter still and very slender. The
outer finger has no claw ; the four others are

furnished with claws, llie hand in l)usi/pus

and Ori/cltT(ipus is also of a very remarkable

conformation, particularly in the gigantic spe-

cies of Armadillo, PW<i(/()«/«g(^(ni<<:a (Jig 37)

Fig. 37.

Hand of the Gigantic Armadillo.

«f Fr. Cuvier. Amongst the peculiarities of

structure in this animal are the following.

In add.tion to several remarkable anomalies

in the carpal bones, the bone which results

from tl»e ossification of the Jtexor profundus

muscle is very large, developed posteriorly

into a large and irregularly formed head,

articulated by large surfaces to the os semi-

lunure and pisifonne, presenting concave sur-

faces on the side of the fore-arm, and termi-

nating towards tlie hand by an enlargement

which is compressed and smaller than the head.

The metacarpals are no less extraordinary.

Those of the thumb and index, as well as their

phalanges, are slender, of the usual construc-

tion, but tliat of the middle finger is irregularly

rectangular and broader than it is long; atid the

phalanx which it supports is of a corresponding
form and size, being extraordinarily short and
broad. The corresponding bones of the fourth

finger are similarly formed, but somewhat
smaller. The ungueal or terminal phalanx of
the middle finger is enormously large and
•trong, curved outwards, and having at its base

a large bony hood or case for the lodgement of
the claw ; the terminal phalanx of the fourth

finger is similar, but of somewhat smaller di-

mensions. The fifth or little finger is much
smaller, but is furnished with a claw of some
size. The conformation of the hand of this

animal affords a most formidable weapon, or
as a powerful fossorial instrument, in the three

outer claws, whilst the two inner ones are only
formed for scratching or other similarly slight

actions.

'ITie posterior extremity of the Edentata
pviiper offers Jierhaps less striking peculiarities

of structure, jj'he femur in general is of mo-

derate length, but large and strong; and an

elevate<l crest, arising from the great trochanter,

extends nearly the whole length of the bone.

In the Ant-eaters and the Megjitheriura, it is

particularly broad and flattened, and the greater

and lesser trochanters are not particularly pro-

minent. In the genus Dasypus the great tro-

chanter on the contrary is of great size, and

from the middle of its outer margin arises a

larye process which is directed outwards. The
tihia Mid fibula in the latter genus are extremely

broad, arched, and anchylosed at both extremi-

ties. In the Ant-eaters, on the other hand, these

bones are of the ordinary form, and have no

osseous union. In the Megatherium they are

united by the superior third of their length, and

closely in contact at the lower part ; they are

both short and extremely thick, particularly the

tibia. The tarsus is composed in the two-toed

Ant-eaters of at least eight distinct bones, the

largest of which is a supernumerary

bone, situated at the inner part of the

foot,upon the scaphoid; it extends back-

wards as far as the tuberosity of the

OS calcis, and thus forms a broad base

to the posterior part of the sole of the

foot. The Myrmecophaga jubata has

also a supernumerary bone, but of

smaller dimensions; but the Armadillos

and Orycteropus have but the seven or-

dinary bones of the tarsus. The metatarsal

bones and the toes are probably invariably five

throughout the Edentata proper; the toes of

the posterior extremity offer few peculiarities of

any consequence. Both the anterior and poste-

rior feet of the Megatherium are peculiar in their

structure. In the former, those fingers which

are completely formed are the three middle

ones, the little finger being rudimentary, and
the thumb having no claw. The ungueal pha-

langes of the three former are enormously deve-

loped, principally as regards the bony enve-

lope for the base of the claw ; the size and
thickness of which indicate that the claws

themselves must have been of great size and
immense strength, and have afforded powerfVil

implements for tearing up the suiface of the

ground in search of roots. On the hinder

foot, there is a single toe of a similar con-

struction, which is the third ; the fourth and
fifth, although of considerable size, bore no
claws. This enormous extinct animal is cer-

tainly among the most extraordinary produc-

tions of the ancient world. Of dimensions the

most unwieldy, and with a skeleton as solid as

that of the most enormous amongst the Pachy-
dermata, we find a cranium, and especially

teeth, which exhibit a very near relation to those

of the Sloth, and members which are no less

remarkably allied to the Ant-eaters and the Ar-
madillos. However the difference in bulk may
appear at first sight to interfere with the idea of

these affinities, and however difficult it may l)e

at once to reconcile the relation between a
small active animal like the Armadillo, or

an inhabitant of trees like the Sloth, and
this enormous and unwieldy tenant of the

earth's earlier surface, the affinities are neither

less true nor more probable than those which
subsist between the light rabbit-like hyrax
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and the ponderous rhinoceros of the present

world.

There is still another very interesting animal,

the account of whose osteology I have not in-

termixed with that of the other Edentata, be-

cause it is as yet but little known, and because

its peculiarities are particularly interesting.

This is the Chtomi/plwrns tnmattus (Jig. 38) of

Dr.Ilarlam, of which I have tlie opportunity of

animals belonging to the lame order. To t)ie

Echidna and Ornithorynchus it is also aimilar

in the first l)one of the sternum, and in the

bony articulations as well as the dilated con-

necting plates of the true and false ribs.

" In the form of the lower jaw, and in other

points equally obvious, the Lhlamyphoriu ex-

hibits characters to be found in some siMxies

of Ruminantia and Pachydermata. On

ShtleUm of the Chlami/phonu Inmcatut.

offering a very correct figure, for which I am
indebted to the kindness of my friend Mr.
Yarrell. Tliis very remarkable animal was
discovered in the interior of Chili, burrowing
like the mole, and like that animal residing

principally underground. The detail of its

organization will be found, as given by Mr.
Yarrell, in the third volume of the Zoolo-

gical Journal, to wliich I refer. The general

results of that gentleman's observations are as

follow

:

"It has much less real resemblance to the

mole, Talpa Europea, than its external form

and subterranean habits would induce us to

expect. In the shortness and great strength of

the legs, and in the articulation of the claws to

the firet phalanges of the toes, it is similar ; but

in the form of the bones of the anterior extre-

mity, as well as in the compressed claws, it is

perfectly different ; nor do the articulations of

the bones nor the arrangement of the muscles,

allow any of the lateral motion so conspicuous

in the mole, llie hinder extremities of the

Chlamyphorus are also much more powerful.

"It resembles the Bradypus tridactylus in the

form of the teeth, and in tne acute descending

process of the zygoma, but here all comparison
with the Sloth ceases.

" The skeleton of the Chlamyphorus will be
found to resemble that of the Armadillo (Dasypi
species plures) more than any other known
quadruped. In the peculiar ossification of the

cervical vertebrae ; in possessing the sesamoid
bones of the feet ; in the general form of all

the bones, except those of the pelvis, as well as

in the nature of the external covering, tliey are

decidedly similar; they differ however in the

form and appendages of the head, in the com-
position and arrangement of the coat of mail,

and particularly in the posterior truncated ex-

tremity and tail.

" There is a resemblance to be perceived in

the form of some of the bones of the Chtumi/-

phoriis to those of the Ori/cteropus capcmis and
Mvimecophaga juhutu, as nnght beexi)ectod in

this sketch of its relations it is unnecessary

to dilate. Its near affinity to the genera Dosy-

pui and Tatusia however is so obvious that

there can be no doubt of the propriety of con-

sidering it as belonging to the same family of

the order; whilst its relation to the mole can

of course only be considered as one of analogy,

in which respect it offers many interesting

characters."

Digestive organs.—In the character of these

organs there is no less diversity between the

Turdigrada and the Edentata proper than in

the osteology already described. The former,

essentially herbivorous, yet living principally

upon the young succulent leaves which clothe

the extremities of the branches, have the teeth

formed for bruising this kind of nourishment,

and an articulation of tlie lower jaw which

allows of a degree of motion commensurate

with the object. The teeth consist of a cylinder

of bone enclosed within a simple case of

enamel, but without any of the convolutions

of these two substances which characterize the

structure of these organs in the Ruminantia

and other graminivorous animals. They are

in fact the most simple which are found in

any of the Mammi/'era. Tliere is a single

canine on each side above and below, both

in the Unau, but none in the Ai.

In one form of the Armadillos, the genus

Dasypus as now restricted, there are two in-

cisive teeth in the upper and four in the lower

jaw, and sixteen molares in each. In the

allied genus Tatusia there are no incisive or

canine teeth, and the molares are even rather

more numerous, and in the Priodonla Gigas
there are no less than fifty in the upper and

forty-eight in the lower jaw. Tliese are all

simple, and formed for crushing insects.

The stomach in the Sloths is veiy remarkably

formed. In the Bradypus diductyIns (fig. 39) it

is double. The first is large and rounded, con-

tracted posteriorly, and produced into a conical

appendix, which is doubled from the left to

tlie right, and its cavity is separated from that
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Stomach of the Sloth.

of llie stomach by a semilunar fold. Tlie

cardia opens very far towards the right side,

leaving a very large pouch, and enters a canal

which proceeds along the right side of the

first stomach, giving off from its right margin

a broad process, which separates the pouch

of the stomach from the other cavity, which

lies between the pouch and the appendix

before mentioned. Thus the first stomach

is divided into three cavities. The canal

already described turns from the left towards

the right, and enters the second stomach by

a narrow opening. The second stomach is

of a slender form, much smaller than the

former; its parietes are very thin for the first

half of its length, but much thickened towards

the pylorus ; and the two portions are sepa-

rated by a semilunar fold. Again, the first

portion of this second stomach is itself partially

divided by a beautifully indented fold, the

dentated processes of which are directed

towards the pylorus. There is also attached

to the second stomach a small cul-de-sac,

which lies between two similar ones connected
with the first stomach, the internal surface of

all of which appeara to be glandular. In the

Ai the appendix to the second stomach is much
longer, and divided into three chambers by
two membranous partitions.

The whole of this structure, and especially

the canal which extends from the cardia to the

second stomach, indicates a very remarkable
relation to that of the ruminants, and is

evidently intended for the digestion of vege-
table substances only.

In the Edentata proper the stomach is, as
may be expected, for more simple. In the
Mi/rmccophagn didactyla it is of a globular
form, and simple. In the Manis pentadacti/la

or Pangolin, it is internally divided by a fold

into two cavities, of which the left, analogous
to the paunch, is thin, and ihe pyloric, or true
digestive portion, much thicker.

The intestinal canal does not present the
same striking distinctions between the large
and small intestines which are observed in

most other mammifera. There are in the
Ant-€aters two coecal appendices, which may
be considered as forming the boundary between
the two portions, of which the posterior is

very much shorter than the anterior. It is

remarkable that the entrance to these small
cceca is so contracted as wholly to prevent

the passage of any fjeces into ihcm. In the

Manis longicauda there is not the vestige of a

ccECum. In the Orycteropus it is short and

oval. In the Turdigrada, the Ai for example,

the large intestine is at once distinguished

from the small by its sudden enlargement, and

at their junction is found a slight fold, which

partially separates them.

The liver offers but few peculiarities of

consequence in a physiological point of view.

In the Ant-eaters, the Armadillos, and the

Orycterope, it consists of three lobes. In

the former the hepatic duct joins the cystic

at a considerable distance from the neck of

the gall-bladder, and, as in the Armadillo, at

a very acute angle.

Organs of circulation.—In a paper in the

Philosophical Transactions, Sir A. Carlisle

described a very remarkable peculiarity of the

arrangement of the arteries of the limbs in

several slow-moving animals, of which number
were the Bradj/pus tridacli/lus and Bradi/pus

didactylus. It appears that the axillary and

iliac arteries, on entering the upper and lower

limbs, are suddenly divided into a number of

cylinders of equal size, which occasionally

anastomose with each other. They are ex-

clusively distributed in the muscles. Those

of the other parts of the body, and even

those of the limbs which supply the bones,

&c. do not deviate from the usual mode of

distribution. In the former species no less

than forty-two of these cylinders were counted

on the superficies of the brachial fasciculus,

and there were probably not less than twenty

concealed in the middle. In the second

species they were less numerous, and deviated

from the usual form. This difference in the

two species is perfectly consistent with what

is known of their habits ; for there can be no

doubt that the peculiarity has reference to the

slowness of motion of these animals, in which

character the A'i far exceeds the Unau. " The
effect of this peculiar disposition of the arteries,

in the limbs of these slow-moving quadrupeds,

will be that of retarding the velocity of the

blood. It is well known, and has been

explained by various writers, that the blood

moves quicker in the arteries near the heart

than in the remote branches ; and also, that

fluids move more rapidly through tubes which

branch off" suddenly from large trunks than

if they had been propelled for a considerable

distance through small-sized cylinders ; be-

sides the frequent communications in the

cylinders of the Bradypus tridactylus must

produce eddies which will retard the progress

of the fluid. From these and a variety of

other facts, it will appear that one effect on

the animal economy, connected with this ar-

ranijement of vessels, must be that of di-

minishing the velocity of blood passing into

the muscles of the limbs. It may be difficult

to determine whether the slow movement of

the blood sent to these muscles be a subor-

dinate convenience to other primary causes of

their slow contraction, or whether it be of

itself the immediate and principal cause."

The integument in the Munis as well as in
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the genera Diisypia and Tatuiia, coniprohend-

ing tlif Arinudilios, and in Chtami/phorus, ex-

hibits various moditications of a very extraordi-

nary nature. The Ixxly of the Manis is co-

vered witli large imbricated scales, of a more
or less rliomboidal form, of a horny consistence,

and a reddish brown colour. Tiie true struc-

ture of these scales is undoubtedly a congeries

of hairs, as is evinced in tlie longitudinal

lineswith which thcyare allniarked. Theyform
a very firm and c-omplete protection to the

animal when rolled up in a ball, which is its

ordinary means of escaping from danger. The
scales cover the whole surface, excepting the

inferior part of the head and tail, the axillse,

tlie middle of the belly, tlie inner surface of the

thighs, and the soles of the feet, all of which

parts, excepting the latter, are furnished with a
lew scattered hairs. lu the Armadillos an
osseous crust or shell envelopes the whole of

the upper [)art of the head and the body, the

outer part of the limbs, and the whole of the

tail. The inferior parts of the body are not

thus protected, but scanlly covered with hair,

intermixed witli a kind of hard warts or scales.

Their armour is composed of a helmet covering

the upper part of the head, of a buckler over

the shoulders, a similar one over the crupper,

and the back has numerous imbricated bands,

which move upon each otiior, varying in num-
ber in the difl'erent species ; the tail is covered

by rings, also allowing of motion. It is clear

that this hard bony armour is capable of afford-

ing these animals the most complete protection

when coiled up, which is the jxjsition usually

assumed by them when in danger, or during

repose. Although there is mutual motion only

at the margins of the dili'erent pieces and at the

commissures of the bands, there is considerable

yielding at evei-y jjortion of this coat of mail.

Each of the larger pieces is composed of nume-
rous adherent smaller ones, hexagonal, and per-

fectly tes.sellated ; those of the shoulders are

arranged in segments of concentric circles, the

concavity being in front, so that the anterior

series, which is the shortest, embraces tlie neck

of the animal. The covering of the posterior

part has a similar arrangement, but reversed,

so that the short concave margin meets the

origin of the tad. Tlie cuirass of the Clilnmy-

p/iorus truncatus differs in many respects from
that of the Armadillos, and is thus described

by Dr. liarlam in the only account which we
have of the details of this singular animal, with

the exception of the very interesting descrip-

tion of its osteology by Mr.Yarrell, in the third

volume of the Zoological Journal.
" The shell which covers the body is of a

consistence somewhat more dense and inflexi-

ble than sole leather of equal thickness. It is

composed of a series of plates of a square,

rhoml)oidal, or cubical form ; each row scpa-
nited by an epidermal or membranous produc-
tion, which is reflected above and beneath, over
the plates ; the rows include from fifteen to

twenty-two plates; the shell being broadest at

its ]x)sterior half, extending about one-half

round the body ; this covering is loose llirough-

out, excepting along the spine of the back and
tup of tlie head ; being attached to the back
immediately above the spine, by a loose arti-

cular production, and by two remarkable bony
processes; on the top of the os frontis, by
means of two lai-ge plates, which are nearly in-

corporated with the bone beneath ; but for this

attachment, and the tail being firmly curved
beneath the belly, the covering would be very

easily detached. The number of rows of plates

on the back, counting from the vertex, (where
they commence,) is twenty-four; at the twenty-

fourth the shell curves suddenly downwards,
so as to form a right angle with the body ; this

truncated surface is com]>osed of plates nearly

similar to those of the back ; they are disposed

in semicircular rows, five in number ; the lower
margin somewhat elliptical, presents a notch in

its centre, in which is attached the free portion

of tail, which makes an abrupt curvature, atid

runs beneath the belly parallel to tlie axis of

the body ; the free portion of the tail consists

of fourteen caudal vertebra;, surrounded by as

many plates, similar to those of the body ; the

extremity of tlie tail being depressed so as to

form a |>addle ; the rest of the tail compressed.
Tlie caudal vertebra extend up to the top of
the back, beneatli the truncated surface, where
tlie sacrum is bent to meet the tail. The supe-
rior semicir<:ular margin of the truDcate<I sur-

face, together with the lateral margins of the

shell, are beautifully fringed with silky hair.''

It IS much to be regretted that but little is

known of the generation of these animals. The
dissections which have hitherto been made of
the more interesting forms have been imper-
fectly ])erformed, or the subjects themselves
have been in such a condition as to allow of
but very incomplete observations.

For BiBLioORAPHY, Me that of Hahhalia.

(T. Bell.)

ELASTICITY (Germ. Springkniji, Fe-
derkrq/l) is that property of natural bcxlies in

virtue of which they admit of change either of
siie or form from the application of external

force, resuming, ujion the suspension of that

force, tlieir pro|)er shape or volume.
Though elasticity is a purely physical pm-

perty, its investigation is scarcely less interest-

ing in physiological than in mechanical science.

The most cursory examination of a living body
is sufficient to convince us, that nature, in

regulating its varied functions, has availed

herself no less of physical than of vital laws.

As it is the province of the physiologist to

explain and analyze the several actions whose
aggregate is life, to trace each to its proper

source, and to distinguish those which are

truly vital from those which are merely mecha-
nical, it is plain that an acquaintance with the

physical properties of the material elements of

living bodies becomes one of the foundations

of his knowledge. Hence, in a publiaition,

the design of which is to present a complete

view of the structure and functions of living



so ELASTICITY.

beings, it would be improper to omit some
notice of those propeilies of matter which are

so frequently and so admir.ibly employed in

tilting them for their uses. In this article we
shall offer, in the first place, some remarks

upon elasticity generally, upon its laws, and

upon the distinction between it and other

forces ; we shall next advert to its existence in

tlie organized tissues of the animal machine;

and, lastly, we shall point out some important

actions in the living body where elasticity plays

a principal part.

I. General remarks oh elastkili/—its laws,

4"f .—The degree of elasticity possessed by un-

organized bodies is extremely variable; in

some it is so great that they have obtained the

name of perfectly elastic; while in others this

property is so extremely small, that its very

existence has been overlooked. Air is the

most perfectly elastic substance widi which
we are acquainted ; in experiments made upon
atmospheric air a portion of it has been left

for years subjected to a continued pressure,

upon the removal of which under the same
temperature and barometric altitude, it forth-

with resumed its original volume. Amongst
solid bodies, the most conspicuously elastic

are certain metals and metallic alloys, glass,

ivory, &c.; while other solids, such as moist
clay, butter, wax, and many similar substances,

possess elasticity in an almost imperceptible

degree. Fluids have long been considered as

completely inelastic ; but though it is ex-

tremely difficult to demonstrate this property,

yet the exjieriments of Canton would seem to

indicate its existence ; they place at least be-

yond all doubt their possession of another

property, namely, compressibility,— a pro-

perty somewhat allied to that we are now con-
sidering.

The laws which regulate the elastic force

are not exactly the same in these three classes

of natural bodies. In the gaseous or perfectly

elastic bodies elasticity may be said to deter-

mine their volume : their particles having an
incessant tendency to expand into a greater

space are controuled merely by the surround-
ing pressure, and hence the bulk of gases is

always inversely proportional to tlie compres-
sing force. This law, at least in the case of
atmospheric air, api)lies within all known de-
grees of condensation and rarefaction. By
means of accumulated pressure, air may be so
reduced in volume, that upon suddenly libe-

rating it, as in the air-gun, it expands with
amazing force ; and in the receiver of the air-

pump, even when reduced to one-thousandth
Dart its original quantity, it has still elasticity

enough to raise the valve. Another important
law of elasticity in gases is that its power is

increased by heat and diminished by cold,
and this applies not oidy to the permanently
elastic gases but to tliose likewise of another
kind, such as the vapours of alcohol, mer-
cury, nitric and muriatic acids, and water ; the
elastic vaimurs of the nitric and muriatic acids
not unfrcquently burst tlie vessels containing
them ; the vapours of mercury have broken

through an iron box ; and the vapours of al-

cohol have sometimes occasioned in distil-

leries the most terrible explosions: the elas-

ticity of steam, and the fact that we can in-

crease its power to any extent by me;ms of

heat, has enabled us to construct the steam-

engine, and thus armed mankind with a phy-

sical power superior to every obstacle.

Solid bodies are never perfectly elastic ; for

although some, when acted upon by forces

within a certain range, are as completely elastic

as the gases themselves, yet if tlie disturbing

force be carried beyond a certain degree, they

will never resume their original condition.

Thus, a harp-string gently drawn by the finger

is thrown by its elasticity into vibratory mo-
tions, returning when these have cease<l to its

exact original state : this may be frequently

repeated and always with the same effect, as

proved by the same note being repeatedly ob-

tained. If, however, it be once drawn with too

great a force, it no longer returns to its original

condition, a different tone is now produced by it:

in other words, the solid substance of which

it is composed exhibits a perfect elasticity,

not, as the gases, under every degree of force,

but only within a certain limit. Heat pro-

duces very different efl'ects upon the elasticity

of gaseous and solid bodies; we have just

seen that we can increase the elastic power of

the former to any extent by means of heat,

but the elasticity of solids is, on the contrary,

usually diminished by it ; very high tempera-

tures completely destroy it even in tlie most

elastic metals. The design of this article does

not permit us to enter more fully into the con-

sideration of those laws, or of the experiments

by which they are demonstrated. We must
refer for the further investigation of this sub-

ject to works which treat expressly upon
physics.

Tlie various hypotheses which have been

put forth to explain the nature of elasticity,

though many of them extremely ingenious,

do not however properly come within the |)ro-

vince of the physical much less of the pliy-

siological enquirer. Indeed, while men di-

rected their attention to such speculations little

or no progress was made in real knowledge.

The cause of elasticity, like that of life, is

probably beyond the sphere of human un-

derstanding ; and hence, in both sciences, the

method of investigation should be the same

—

to study the laws or conditions under which
the phenomena present themselves, and to lay

aside all speculations as to their causes. But
in abandoning these inquiries into the nature

of elasticity we must particularly advert to the

necessity of the physiologist possessing a clear

and definite idea of this property of matter,

so as to be enabled to recognize it under every

circumstance, and to distinguish it from other

physical and vital forces. Ignorance upon this

point has been at all times a fruitful source of

error in physiological investigations. The pro-

perty with which it is especially liable to be
confounded is contractility : when it is re-

membered that at one period of niediial his-
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tory these two properties were looked upon as

identical ; lliut even llie illustrious Cullen lias

scarcely distinguislied tliein, and tliat some of

our most eminent living physiologists have

fallen into manifest errors upon the same sub-

ject, it becomes plain that we cannot be too

particular in fumiliarizmg ourselves with the

distinctions between these totally independent

forces.

It is not enough to say that contractility is

a vital and elasticity a physical property; for

as we are ignorant alike of the nature of life

and of elasticity, a distinction founded upon

any such assumption must necessarily be futile.

It is only by a diligent comparison of their

respective laws that we can assign to each its

proper limits. Let us then observe in con-

trasting them, first, that elasticity can never

act as a prime mover; it is never a source of

power, but merely the reaction of a force pre-

viously applied : thus, the elasticity of the

spring will never of itself set the watch in

motion unless some external force shall, in the

fii-st instance, have acted upon or bent it. liut

contractility can of itself originate motion, at

least it is not essential tliat any mechanical

force with which we are acquainted should

precede its action. Again, the force of elas-

ticity can never exceed that other power which

has called it into existence; if, for instance,

a weight of one pound be required to depress

an elastic spring, the force of reaction upon
the removal of that weight can never exceed

the measure of a pound. But, in the case of

muscular contraction, there is no such limit

;

there is no fixed ratio between the cause and
the effect ; the slightest touch of a sharp in-

strument will, in an irritable muscle, such as

the heart, excite the most violent contractions.

Elasticity cannot manifest itself except by the

removal or suspension of the cause which has

called it into action : muscularity requires no
such suspension of its exciting cause. The
exciting cause of elasticity is always of a phy-

sical nature ; but many other causes no wiys
allied to physical ones may excite the muscular

power. Lastly, elasticity is not destroyed by
death nor affected by opium or other narcotics,

while contractility presents a very striking con-

trast in both these respects.

These facts are quite conclusive in proving

that muscular and elastic contraction are go-

verned by distinct laws, and cannot conse-

quently be referred to the same source. But
if some physiologists have erred in overlooking

the distinctions between these two properties,

if they have not analysed with sufficient care,

others have unquestianably erred in an oppo-
site direction, and by pushing analysis too far,

have attributed to imaginary forces effects

which are the result of elasticity alone. We
feel much diffidence in controverting any doc-

trine supported by the genius and authority

of Bichat, but we confess that the distinction

which that celebrated anatomist is so anxious

throughout his various works to establish be-

tween what he terms " cuntructiliti/ of tissue"

and elasticity, appears to us unfounded. Elas-

ticity according to him is a purely physical

property. Contractility of tissue, though not

actually a vital one, is however found only in

the animal tissues ; it does not dei)end directly

upon life, but results merely from the texture

and organisttion of those particles which con-

stitute the vital organs. The following passage

from his work upon " Life and Death " may,
perhaps, assist us in understanding his views

upon this subject. " Most organs of our
bodies are held in a state of tension by various

causes ; the voluntary muscles by their anta-

gonists; the hollow muscles by the substsuices

contained within them ; the vessels by means
of their circulating fluids ; the skin of one
portion of the body by that which covers the

neighbouring part; the alveolar walls by the

teeth contained within them. Now, upon the

suspension of the distending causes, contrac-

tion takes place: divide a long muscle,—its

antagonist becomes shortened ; empty a hol-

low muscle, it shrinks upon itself: prevent the
blood from entering an artery, the vessel be-
comes a ligament: cut through the integu-

ments, the divided edges are separated from
each other by the contraction of the adjoining
skin : extract a tooth from its alveolus, that

channel becomes obliterated. * * • In all these
cases it is the removal of a tension naturally
inherent in the tissue which determines its

contraction:—in other instances it is the re-

moval of a tension which does not naturally
reside in the part. Thus we see the abdomen
contract after parturition ; the maxillary sinus
after the extirpation of a fungous growth ; the
cellular tissue after the removal of an abscess
the tunica vaginalis after the operation for
hydrocele ; the integument of the scrotum
after the removal of an enlarged testicle ; the
aneurismal sac upon the emptying of its fluid."

He remarks in another place that motion
when the result of elasticity is quick and sud-
den, and ceases as abruptly as it has been pro-
duced ; but the motions which result from
contractility of tissue are slow and impercep-
tible, lasting frequently for hours and even
days, as are seen in the retraction of muscles
after amputation. Tlie distinction laid down
in these passages appears to us totally un-
supported : to say, for example, that even in a
dead artery there are two principles of con-
traction which, though their mode of action is

literally the same, should nevertheless be con-
sidered distinct and referred to different sources,
appears contrary to every rule of philosophic
re;isoning. As to the distinction drawn from
the comparative quickness of these motions,
it is only necessary to say that upon this view
of the subject even the movement of the
watch-spring itself cannot be attributed to elas-

ticity. We must then conclude that there are
two and only two forces to which all the
various movements of living bodies am be
referred ; the one a vital force regulated by its

own proper laws, the other a general physiad
property, whose mode of action is essentially

the same in organized and unorganized bodies:
the phenomena above enumerated by Bichat
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are certainly not tlic result of vilal action (for

he admits that the contractility of tissue to

which he ascribes them is not destroyed by

death) : they must then be owing to a physical

force, and amongst tlie various physical agen-

cies we are acquainted with, elasticity is the

only one to which they can be referred.

The " vis morlua" of Ilaller appears like-

wise to differ little if at all from elasticity.

Speaking of this force he observes, that, as

indeed the very name implies, it is totally in-

deiiendent of life, and adds—" IIa;c vis in

partibus animalium perpetuo agere videtur,

etiamsi non perpetuus effectus adparet. Vi-

detur enim contractio cuique particulae propriaa

a contraria contractione duorum elementorum

vicinorum impugnari et distrahi, ut quae

breviores fieri non |x)ssunt, quin mediam par-

ticulam distrahant. Id dum fit in omnibus,

quies videtur, quoe est summa virium contra-

riamm se destrucntium. Quam primura vero

aliqua particula a sodalibus separatur, inflicto

vulnere, tunc utique labium vulneris, nunc

liberum, nee a contraria potestate retentum, se

ad earn vicinam, a qua trahitur, integramque

incisse membranas partem retrahit." The facts

so accurately described in this passage are

easily explained by the operation of elasticity.

Why then multiply causes ? Why assume the

existence of another principle in order to ac-

count for ihem ? The phenomena ascribed by
Cullen and others to what he terms " tonicitt,,"

are also, at least in many instances, the effects

of the same physical force. (See Contrac-
tility.)

II. The tissues of the animal body are pos-

sessed of very various degrees of elasticity;

soine of them are but little inferior to the most
highly elastic unorganized substances, while

others are endowed with this property in so

very trifling a degree, that in our physiological

and pathological reasonings concerning them,

we may almost consider it as absent. We
shall endeavour to arrange the principal organic

tissues in the order of their elasticity, and shall

then proceed to offer a few remarks upon each.

1. Yellow fibrous tissue. 2. Cartilage. 3.

Fibro-cartilase. 4. Skin. 5. Cellular mem-
brane. 6. Muscle. 7. Bone. 8. Mucous
membrane. 9. Serous tnemhrune. 10. Ner-
vous matter. 11. Fibrous membrane.

This view of the comparative elasticity of
the different tissues must not be regarded as

rigorously exact : owing to the impossibility

of procuring each one perfectly separate from
the others, the result of our experiments can be
considered merely as approximate.

1. The yellow fibrous system.—The tissues

composing this system are unquestionably the

most highly elastic of all : the ligamenta sub-
flava which unite the lamina; of the vertebrae

to one another, and the ligamentum nuchae
which suspends the head in some of the larger

<iuadrupeds, are SGircely inferior to caoutchouc
in this respect. The middle coat of arteries

is referred by Heclard to the yellow fibrous

system, perhaps from its possessing in so high
a degree this characterislic proijerty. Its exis-

tence may be demonstrated by various experi-

ments, and many of the physiological and

pathological phenomena of the arterial tissue

are modified or determined by its presence.

The sudden expansion of an artery whetlier in

the living or dead body upon the removal of

a force pressing its sides together ; the gradual

contraction of a divided artery, by means of

which hemorrhage is so frequently arrested;

the contraction or obliteration of the vessel

beyond the ligature, after it has been taken up
in aneurism ; the obliteration of the umbilical

arteries and of the ductus arteriosus soon after

birth ; the gaping which occurs in longitudinal

wounds of arteries owing to the recession of

the divided edges; the power possessed by these

vessels of accommodating their size to the

quantity of circulating blood, (thus causing

endless variations in the volume of the pulse

even in the same individual) ;—all these facts

have been accounted for by the transverse

elasticity of the middle coat. The effects of

this property in a longitudinal direction may
be seen in the retraction of divided arteries

during amputation ; in the sort of locomotion

which these vessels undergo from the impulse

of the blood, and in the enlargement of a

transverse arterial wound by the retraction of

its edges. The proper coat of veins, though

belonging likewise to this system, is however

much less elastic than that of the arteries ; but

we cannot agree with those who deny this

property to the venous tissue. Tlie sudden

flow of blood from a portion of vein included

between two ligatures ; the constantly varying

size of the cutaneous veins according to the

volume of their contents ; the obliteration

under certain circumstances of veins where

circulation has been arrested, appear to us

explicable only by attributing this property to

them.

2. Cartilage is possessed of very great elas-

ticity. On pressing the point of a scalpel

into cartilage it is expelled upon the suspension

of the force by the contraction of the sur-

rounding substance. It may also be well de-

monstrated by twisting or bending the carti-

lages of the ribs, or those of the nose, eyelid,

&.C. The elasticity of cartilage in the adult is

much greater than in the child or old person.

We shall allude presently to the several impor-

tant objects to which this property as connected

with cartilage is applied.

3. Fibro-cartilage.—The elasticity of this

tissue may be studied in the intervertebral

fibro-cartilages, in which it contributes so

remarkably to the obscure movements of the

spinal coluinii and to the security of the chord

:

it is remarkably displayed in restoring the sub-

stance to its proper condition, when pressure

rather than twisting or bending has been the

cause of derangement. The fibro-cartilaginous

funnels through which the tendons are trans-

mitted, possess likewise this property to a great

extent. Bichat found, on removing a tendon

in a living dog, that the funnel through which

it had been transmitted became impervious,

like an artery under similar circumstances.
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4. Skin.—Tlie grt-al elasticity of ttie cuta-

neous tissue is exhibited in iimunicrable in-

stances ; the extension which it undergoes in

pregnancy, in ascites, in cases of large fatty

and other tumours, and the promptitude witli

which in these instances it returns to its proper

stale after the removal of the distending causes,

me matters of every day observation, and are

chiefly owing to its elasticity. The great re-

traction of the integuments in amputation

depends likewise upon the same principle.

There is jwrhaps no tissue in the body where

elasticity is more impaired by advanced age :

in the young or adult subject, when, owing to

disease or other causes, the subcutaneous adi-

pose matter has become suddenly absorbed,

the skin, owing to its great elasticity, is ena-

bled 10 contract, and thus accommodate itself

to the diminished distention ; while in old age,

under the same circumstances, the power of

contraction is lost, and hence it hangs in loose

folds or wrinkles, so characteristic of that

period of life. These remarks are meant to

apply chiefly to the true skin or corion.

5. Cellular tissue ranks high among the

elastic structures : many of the cases which

we have just instanced as proving the elasticity

of the cutaneous tissue, indicate likewise its

existence in the cellular membrane ; anasarca,

oedema, and still more emphysema, can occur

only in consequence of the distention of those

filamentous threads which form the cells ; and

as recession occurs immediately upon tlie re-

moval of the distending force, it is plain

that elasticity is the principle to which the

change must be attributed. We may likewise

remark tliat there is no tissue whose elasticity

is so frequently and perhaps so usefully em-
ployed as that which we are now considering;

for it is by this property of cellular membrane
that the motion of the several muscles is per-

mitted and even assisted : thus upon elevating

the arm the yielding cellular tissue of the

axilla permits the member to be drawn up-

wards, and when the arm is again depressed

the elasticity of the same tense filaments as-

sists in some degree the mtiscles which bring

it down.
6. Muscle.— Elasticity appears to belong to

the muscular system in a very high degree ; it

is, however, extremely difficult to estimate its

extent in the muscular fibre itself, partly owing

to its being the seat of two other contractile

forces, the vis insita and vis nervea, and partly

to the great quantity of cellular and other tis-

sues which enter into the structure of muscle,

and thus impart to it their physical properties.

There are however many instances in which we
must concede elasticity to the muscular fibre ;

the contraction which occurs in the abdominal

muscles even long after death, upon removing

the accumulation of air or fluid contained

within the peritoneum; and the recession of

the cut edges which takes place upon dividing

a muscle under the same circumstances, cannot

be ascribed either to the vis nervea or to the

vis insita, (for they have cea,sed to exist,) and
the contraction is evidently too extensive to be

attributed wholly to the cellular tissue. Hut

we may observe the operation of this property

even in the living muscles : on dividing the

facial muscles of one side in a living animal

the mouth is gradually drawn towards the

op|)Osite, and this takes place not by the

effort, but solely by the elasticity of the un-

injured muscles, which have now no coun-

teracting force upon the other side to resist

their contraction. So it is with all the other

muscles during what is called their state of

rest : the elasticity of one class is exactly ba-

lanced by the same property in their aiitago-

nisLs; and hence when the influence of the

will is completely withdrawn, as in sleep, we
may estimate the comparative quantity of elas-

ticity which antagonizing muscles are possessed

of : those of the face for example are exactly

equal upon opposite sides in this respect, and

accordingly the mouth retains its proper central

position ; but in the limbs, as the elasticity of

the flexors exceeds that of tlie extensors, we
usually find these parts of the body during

sleep in a semiflexed position.

7. Bone possesses considerable elasticity,

though its degree is frequently underrated by

the superficial observer. It is not easily demon-
strable in tlie larger bones, but upon cutting

even these into thin plates its existence become*

at once evident. There are many phenomena
both healthy and diseased which depend upon
the elasticity of bone ; the enlargement of the

maxillary sinus from the growth of fungus

within its cavity, and the collapse of its walls

upon the removal of the distending matter ; the

obliteration of the alveolus after the extraction

of a tooth ; the narrowing of the optic hole

which is found in cases of atrophy of the optic

nerves, and of the carotid canal after tying the

carotid artery ; the diminution of the orbital

cavity which gradually takes place uiion extir-

pation of the eye—all these changes depend in

a great degree upon the elastic qualities of bone.

The great elasticity of the osseous system in the

young subject, and the almost entire absence of

it in tlie bones of old persons, is at once ex-

plained by the fact that elasticity resides in the

cartilaginous and not in the earthy ingredient;

the great proportion of the former in the young
bone, and the accumulating deposition of earthy

matter as age advances, are known to every

observer.

8. Mucous membrane.—That this tissue is

possessed of some degree of elasticity would
appear from the well-known contraction which
is found in the lower part of the intestinal canal

after the establishment of an artificial anus

;

from the great variation ofsize which is observed

in the stomach, and by means of which it can

accomodate itself to the quantity of food con-

tained within it; and fixim many other simi-

lar instances. But in these cases it is often

difficult to determine how far contraction de-

pends upon the mucous membrane, or ui)on the

other tissues with which it is associateo. We
should also bear in mind that the contraction of

the inner coat of the stomach is much less

than might in the first iustaiice be su|)|)osed ;
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th« numerous folds or rugtc

Ihrowii seem destined to compensate for its im-

perfect plasticity.

9. Struui tiitmbiane is still lower in the

scale. In those org;ins whose size is subjected

to frequent vaiiatioii, such as the stomach, in-

testines, urinary bladder, &C., we find an inter-

esting provision to permit enlargement without

at all stretching their serous envelope. The

organ, instead of possessing a simple serous

capsule, is inserted between two loosely adher-

ent folds of ]ieritoneum which permit its insinu-

ation between them as soon as distension takes

place. By this simple contrivance the possibi-

lity of rupture or even tension of the serous coat

is completely obviated, even in cases of extreme

enlargement. The tunica vaginalis testis

would appear to possess more elasticity than

other membranes of this class:—after the ope-

ration for hydrocele, a disease in which it is

distended far beyond its proper limits, a sudden

contraction of its tissue evidently occurs.

10. Nervous matter.—Upon the division of

a nerve little or no retraction of the divided ex-

tremities takes place. The brain however

possesses an obscure elasticity, as may be seen

upon making a horizontal section of its sub-

stance : the numerous red points which there

present themselves are owing to the blood forced

from the divided vessels by the surrounding

pressure.

11. Fibrous membrane is remarkable for

its very low degree of elasticity ; hence liga-

ments and tendons often give way rather than

yield to a distending force. It is owing to the

unyielding nature of the subcutaneous fascia in

some situations that abscesses and other swel-

lings occurring beneath, produce but little swel-

ling upon the surface, and cause such severe

pain to the patient; hence too upon dividing

this fescia, no enlargement of the wound occurs

as in other tissues by the elastic retraction of its

edges. When the distending force however

is slowly applied, there appears to exist some
degree of elasticity even in fibrous membranes ;

thus in hydrops articuli the structures about the

joint are frequently much distended by the ac-

cumulation of fluid within, upon the absorption

of which they slowly resume their proper con-

dition.

III. We shall now proceed to point out

some instances in which elasticity plays an im-

portant part in the mechanism of organized

beings ; but it may be necessary to remark that

in doing so we by no means profess to give an

anatomical description of the various structures

alluded to. We shall endeavour merely to bring

into one general view some of the most inter-

esting cases in which elasticity plays a prominent

part, and thus enable the reader to refer to the

separate articles in which these details are fully

discussed.

Nature avails herself of this physical properly

in the construction of organized bodies, for

several distinct ends. It is sometimes emjjloyed

as a means of protecting certain delicate and
important orgiins l)y bearing otl or decomposing
the forces to which they are exposed. It is
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into which it is often used to economise muscular contraction,

not only in supporting depending parts, but

likewise in effecting the movement of one por-

tion of the body upon another. In some instan-

ces it is rendered subservient to the general

movement of the body, or locomotion. I$y elas-

ticity the proper patulous condition of certain

canals and outlets is secured ; and lastly, it very

often serves to divide the jxiwer of particular

muscles or sets of muscles, and thus to transfer

the contractile force from one portion of an ap-

paratus to another.

1. Elasticity is employed by nature as a

means of protecting the body generally, or some
of its organs more particularly, against external

violence. The great elasticity of the various

tissues in the young subject, and of the osseous

system especially, affords at that period of life no
inconsiderable security to the whole system :

the bones themselves can yield in a very great

degree to external impressions and thus prevent

their bad effects. The frequent and apparently

dangerous falls of children, and the perfect im-

punity with which they are encountered, are

known to every one, and can easily be accounted
for by the great elasticity of the tissues at that

period of life. The opposite extreme of human
existence, in which we meet with the reverse of

these conditions, is equally illustrative of our

subject ; for then the bones, owing to the pro-

gressive accumulation of earthy matter, have al-

most lost their power of yielding, and hence a
very slight force is sufficient to fracture them.

Uut elasticity plays a still more important part

in protecting certain organs, such as the spinal

chord, whose structure is so delicate that it may
be torn by the slightest violence, and whose func-

tion is frequently deranged even by mere con-
cussion. The mechanism of the vertebral column
exhibits at every step the most admirable appli-

cation of elasticity to the protection of its con-
tents. An unskilful mechanic who sought to

afford the greatest security to this contained or-

gan might naturally enough suppose that its

safety would be proportionate to the strength

and density of the material which he should

employ in incasing it ; he would probably

have thrown around it a strong cylinder of solid

bone, such as we see employed for a different

object in the tibia or femur. But the condition

of old age again affords us a complete refutation

of such reasonings ; the spinal column by the

successive consolidation of its component parts

is then in fact converted into one long cylinder

of extraordinary strength ; it has become literally

a single bone ; but now every touch upon the

surface of the body, every application of the foot

upon the ground, is conveyed by the solid and
almost inelastic bones to the spinal cord, thus

rendering even the movements of progression a
source of pain ; hence repose is the natural con-
dition of this period of life, as restless activity is

that of childhood. But looking at the spinal

column in the active or adult age we perceive a
totally different mechanism ; it now consists of

no less than twenty-four distinct bones piled one
upon the other and connected by twonty-four

layers of libro-curtilage, a tissue, as we have al-
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re.vly spcii, possessed of cxtmordinary clasticily.

The chord, instead of lillini; the whole cavity, is

suspended within it by means of an elastic liga-

ment; and thus this delicate cylinder of nervous

matter is liung loosely upon a scries of elastic

springs which cflectuully break the many jolts

and concussions incident to the frame in the

various movements of active life. It is owing
to this extreme elasticity of the spinal column,
that even after very long-continued pressure, it

soon recovers its proper condition. V\ lien, for

instance, from long and severe exercise the fibro-

ciu-tilages have become somewhat pressed down
by the superincuinljent weight, a few hours'

ripose in the horizontal position is sufficient to

restore the spine to its proper length. This fact

has not escajicd the shrewd practical observa-

tion of the lower clitsscs ; when admission into

the army can be obtained only by persons of a

certain stature, the candidate who apprehends

he can siKU-e nothing in that particular, usually

jiresents himself after his night's repose. The
delicate viscera of the thoracic cavity owe like-

wise their safety in a great degree to the same me-
chanism. Tlie cartilages which connect the ribs

and sternum, and which, as we shall presently

find, are destined to modify the movements of

the thorax, tend likewise to its security by per-

mitting it to yield to external forces. The ob-

scure elasticity of the ribs themselves and of the

ligaments connecting them to the spine contri-

bute to the same end ; hence we seldom find

the thoracic viscera ruptured even by the greatest

violence applied against their walls. It is this

elasticity, aided no doubt by other still more
efficient causes, which enables the mountebank
to receive with impunity the blows of the

weightiest sledge on an anvil laid upon his

chest.

2. Elasticity is often liad recourse to as a
substitute for muscular contraction, and, as it

would api)ear, with a view to economize that

more importiint property. We find, for ex-

ample, that in most animals the abdominal
viscera arc supported in their position chieHy

by the muscles of tlie abdomen, and that on
being forced downwards in inspiration by the

descent of the diaphragm, they are again

jiressed u])wards by the contraction of these

muscles. In die large ruminating quadrupeds
whose abdominal viscera are of so great a size,

and in wliom, owing to the horizontal jiosition

of llie trunk, these organs tend directly down-
wards, the cpiantity of muscular power requi-

site to sujiport and move them should neces-

sarily have been of great amount ; but instead

of increasing the quiintily of muscle to such
an extent, nature has ell'ected her purposes

by much more simple means. Heneath the

abdominal intemiinenls there exists a mem-
brane of great streiiglh and elasticity, wliich

not only sopjioits the viscera luit also helps

to elevate tliein after they have been forced

downwards in inspiration. The elastic liga-

mcntnm iiuclia', which in these animals sup-
ports tlie very weighty head, is a sinqile but
complete substitute for the great mass of
muscle which should have existed on the back

part of tlio neck, in order to effect the aame
end. So obviously in this instance is elasticity

a substitute for muscularity, that upon com-
paring the structure in various animals wc find

the strength and elasticity of the ligament
always proportionate to the weight of the head
which it has to support. In the carnivora an
interesting application of this property is seen
in the retractile ligament jiassing between the
claw and the phalangeal bone ; as the claw in

many genera is die chief weapon of attack, it

must not be suffered to come into contact with
the ground in progression, for otherwise it

would become blunted, as seen in those wliich
do not use it for the purposes mentioned ; it is

consequently suspended by the retractile liga-

ment until drawn down at the will of the animal
by means of the flexor muscles. Elasticity is

here used as the means of suspension in order
to save die effort of a constant muscular exer-
tion. In the mollusca we see this property
<^in employed to economize muscularity:
the shell of the oyster admits of being ojiened
as well as clo.sed at the will of the animal;
but muscularity is the source of the one ac-
tion; elasticity residing in a strong ligament is

die means of effecting the other.

3. Elasticity frequently preserves the patu-
lous condition of certain outlets in the animal
body, as, for example, those of the eyes and
nostrils. This object is attained by the inser-

tion of a rim of highly elastic cartilage info
the soft parts which bound these openings. A
material of greater rigidity, such as bone,
would, it may be objected, have answered the
purpose still better: but the rigidity of that
substance would have greaUy interfered witli

the free movements necessary for the functions
of the lids, and in the nose would not only
have increa.sed the risk of injury from external
violence, but would have prevented the ap-
proximation of die alae which must take place
in order to exj^el the nasal mucus. Neither
would a soft and inelastic material have an-
swered the purpose, for then the first effect of
inspiration would be to approximate the edges
of the opening, and thus to prevent the further
entrance of air. Tlie tracheal and bronchial
canals are likewise preserved patulous by the
same elastic material ; and wc again meet with
it performing a like office in the Eustachian
tube and the external meatus of the ear.

4. Elasticity is sometimes rendered subser-
vient to locomotion, or the general movement
of the body. The elastic pad placed beneath
the fixit of the dromedary and many other ani-

mals is no doubt intended to facilitate progres-
sion, and to compensate in some degree for

tlie yielding looseness of the sands upon which
they tread. The same apparatus is found ui

very great [lerfection in the feet of the carni-
vora, and must be of great use in enabling
them to make those enormous bounds by which
they spring ujion their prey. Uut perhaps one
of the most interesting examples of elasticity

being rendered subservient to locomotion is

met with in certain fish. The salmon, during
its annual ascent to fresh-water streams for the
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purpose of depositing its spawn, often encoun-

ters cataracts of great lieight, and which

would seem to render farther progress impos-

sible. By means, however, of a powerfully

muscular tail and elastic spine it is enabled to

surmount those obstacles ; resting one side

u))on a solid fulcrum, it seizes its toil between

its teeth, and thus draws itself into an arch of

amazing tension ; then suddenly letting go its

hold, and thus freeing the elastic spring which

its body represented, it is thrown into the air,

often, as Twiss has seen in Ballyshannon in

Ireland, to a height of twelve or fifteen feet,

and falls beyond the obstacle wliich had op-

posed it.

5. Elasticity becomes occasionally in the

animal machine a means of dividing muscular

force, and thus transferring it from one portion

of an apparatus to another. The muscles of

inspiration are, if we may use the word, too

strong for their opponents, and hence it be-

comes necessary to transfer a portion of their

superfluous strength to the weaker set. This

is effected by means of the elastic cartilages

which connect the ribs and sternum. The in-

spiratory muscles in enlarging the thorax act

with such a force that they not only elevate the

ribs, but even stretch and twist the cartilages,

and hence no sooner is inspiration completed

than elasticitycomes into play, teiidingto depress

the ribs and thus to assist the weaker muscles.

But we must not fall into the error of suppo-

sing that elasticity is in this case a substitute

for muscularity, and much less that it is in

itself a source of power. The only power
exercised by it is that which it has just bor-

rowed from the inspiratory muscles: had not

the elasticity of the cartilages been set in action

by this external agency, it would, like the elas-

ticity of the watch-spring under the same cir-

cumstances, have remained for ever dormant.

In those interesting discussions which have

arisen of late years relative to what is termed
the suction power of the heart, we apprehend
that much error has arisen from overlooking

this simple law of elasticity. That doctine

will of course be fully stated and examined
in its proper place ; at present we shall merely
observe that it was first regularly put forward

in the admirable work of Dr. Wilson Philip,

that it was followed up and explained by Dr.
Carson, and that these views were regarded by
Laennec with such respect that he pronounces
their discovery the most important step made
in this department of physiology since the

time of Harvey. The heart, it is said, is not

merely a forcing pump which by the contrac-

tion of its ventricle propels the blood through-

out the arteries ; it is likewise a suction pump,
for by the expansion of the auricles it draws in

tne blood from the veins. Now this expansive
force, if indeed it exist at all, is, we are quite

satisfied, merely the effect of the heart's elas-

ticity; for the reasonings of those who attempt
to prove it of a specific nature are evidently
insufficient. In this point of view the heart's

expansion cannot be regarded as a new and
independent power; if that organ be really

elastic, then the muscular force of its systole

must be greater than it would otherwise have

been, for it has irot only to propel the blood

through the arterial system, but likewise to

overcome the resisting elasticity of its own
structure: this suction power of the heart is

then merely the recoil of the surplus force;

what is gained upon the one hand is lost upon

the other; and hence elasticity in this instance

cannot be regarded as an independent prin-

ciple contributing to the blood's motion, but

merely as a means of dividing muscular power

and transferring a portion of it from the begin-

ning of the arterial to the end of the venous

system.

6. An interesting application of elasticity in

the animal machine is to convert an occasional

or intermitting force into a continued one. As
human ingenuity has long since discovered the

application of this principle, we may see it

employed in many mechanical contrivances.

In the common fire-engine, for instance, we
observe that though it is worked by interrupted

jerks, yet the water issues from its pipe, not

per saltum as we should have expected, but in

one uniform and continued stream. This is

effected by causing the fluid to pass, in the first

instance, into a hermetically sealed vessel con-

taining a portion of atmospheric air : the accu-

mulation of the water presses the air into a

smaller space, but in doing so it is reacted

upon by the elasticity of that gas, which may
thus be considered as a powerfully elastic

spring exerting upon the surface of the water

ail uniform and continual pressure. The very

same principle is employed in the mechanism
of the arterial system. Upon opening one of

the small arteries we perceive that the blood

does not flow per saltum as in those which are

nearer to the heart, but issues in an uniform

and uninterrupted stream. The intermitting

action of the heart has in fact been converted

into a continued one by means of the elasticity

of the arterial tissue. VVe might indeed say

with truth that the blood in these small arteries

is not directly propelled by the heart at all;

the force of that organ is expended in distend-

ing the larger elastic arteries, as the force in the

fire-engine is expended in compressing the air.

The immediate cause of motion is in the one

case the reaction of the elastic air, and in the

other the reaction of the elactic artery.

For the Bibliography of ihis article, see that

of Fibrous Tissue and Muscle.
(John E. Brcnan.)

ELBOW, REGION OF THE ; fold or

bend of the arm. (I'r. pUdubrus; coucle.) The
region of the elbow is situated at the angular

union of the arm with the fore-arm, and con-

tains the luiinero-cubital articulation and the

various organs which surround it : the extent

of this region may be determined, superiorly

by a circular line at a finger's breadth above

the internal condyle, and inferiorly by a similar

line at two fingers' breadth below that process:

its greatest extent is in the transverse direction,

and it forms an angle salient posteriorly and
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retiring in front, which cannot be effaced even

in the utmost extension of the fore-arm. The
anterior surface of this region wlicn examined in

the arm of a muscular man presents a triangular

depression, in which is observed the conrtuence

of several large subcutaneous veins ; the base

of this depression is above ; the sides are

formed by two prominences, of which the ex-

ternal is larger and more marked than the in-

ternal, and the apex of the triangle is formed
inferiorly by the convergence of these pro-

minences, which consist of the two masses of
the muscles of the fore-arm which arise from
the condyles of the humerus. This triangular

depression is divided superiorly into two por-

tions by a prominence formed by the tendon
of the biceps ; in the external or larger portion

the median cephalic vein is situated, the in-

ternal is occupied by the oblique course of the

median basilic vein and the trunk of the

brachial artery, the pulsations of which can
usually be felt and are even sometimes visible

in this space : the superficial radial or cephalic

vein and the two ulnar veins which contribute

to form the basilic are also apiiarent in this

region, being situated over the lateral mus-
cular prominences. In the arm of a corpulent
female, instead of the apjiearances here de-
scribed, the front of the elbow presents a

semilunar fold or depression, the concavity of
which embraces the prominence formed by the

biceps.

LiUerally, the region of the elbow presents

two prominences foi-raed by the condyles of
the humerus, of which tl>e internal is more
marked and higher than the external : in the

arms of corpulent persons, on the contrary,

two depressions like dimples are placed over
the condyles.

Posteriorly, the olecranon forms a remark-
able prominence, the situation of which varies

in its relation to the condyles of the humerus
according to the different motions of the fore-

arm ; in complete extension it is above the

level of these processes, in semiflexion it is on
the same level with them, and is below them
when the elbow is flexed to a right angle.

On either side of the olecranon there is a
depression of which that on the internal side

is more marked ; pressure here produces a
painful sensation which is felt in the little

finger and the inner side of tlie ring-finger;

in the depression external to the olecranon the

posterior edge of the head of the radius can
De felt rotating immediately below the external

condyle when pronation and supination of the

fore-arm are performed. An accurate know-
ledge of the relations of these parts is essential

to the forming an accurate diagnosis in cases

of fractures and dislocations in this region.

Skin and fiibcutaneotti tissue.— The skin
covering this region is thin, smooth, and de-
licate in front ; it is furnished with hairs over
the lateral prominences, where it also contains
sebaceous follicles in greater numbers than
over the anterior depression. In consequence
of being very vascular and plentifully supplied
with nerves, the skin here is prone to inflam-

mation, and is often the seat of small phlegmo-
nous absces.ses and of erysiix;las. Posteriorly

the skill is thicker, rough on the surface, and
generally thrown into transverse folds above
the olecranon, particularly in extension : it

abounds more in sebaceous follicles and hairs

here than on the anterior surface. The sub-
cutaneous cellular tissue in front consists of
two layers : one of these, more deeivseated,

fonns a sort of fascia, between the layers of
which the subcutaneous veins and nerves are

situaani; the other, superficial, is principally

composed of adipose tissue and varies very
mucn in thickness. In lean persons this latter

layer is often of extreme tenuity ; while the

other, on the contrary, is tlien thicker and more
closely adherent to the skin. This dee|)€r

layer is considerably thicker over the anterior

angular depression than on the lateral pro-,

minences : it sinks in between the pronator
radii teres and supinator longus in company
with the deep median vein, and is continuous
with the cellulzu- tissue between the muscles
and around the articulation. Posteriorly the

subcutaneous cellular membrane is more loose

and lamellar : adipose tissue is almost always
absent in it over the condyles of the humerus,
and on the smooth posterior surface of the

olecranon, there is merely a subcutaneous
bursa mucosa between the skin and the peri-

osteum.

The subcutaneous cellular tissue in front of
the elbow contains some large veins, besides

lymphatics and filaments of cutaneous nerves.

As the subcutaneous veins in this region are

those most fi^quently selected by surgeons
for the operation of phlebotomy, and as un-
toward consequences sometimes result from a
want of due care or of sufficient anatomical

knowle<]ge on the part of the operator, their

situation and connexions should be carefully

studied.

Tliese veins are subject to much variety in

their sire, number, and situation : the following

arrangement of them is that most uniformly

adopted by authors as the normal one : three

principal veins coming from the fore-arm enter

the lower part of this region : 1st, the radial

or cephalic on the external side courses along

the external muscular prominence and ascends
to the arm on the external side of the biceps

;

2d, the ulnar or basilic ascends over the in-

ternal muscular prominence and the internal

condyle of the humerus to the inner side of

the biceps; 3d, the median vein ascending

from the front of the fore-arm enters the apex
of the triangular depression of the elbow, at

which point it is usually augmented by a deep
branch coming ftom the deep radial and ulnar

veins, and immediately divides at an acute

angle into two branches, one of which ascends

on each side of the biceps ; the internal of

these, called median basilic, runs obliquely

upwards and inwards over the course of the

brachial artery, and joins the basilic vein above

tlie internal condyle; its lower extremity is

external to the brachial artery, which it crosses

obliquely so as to get internal to it superiorly

:
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the other division of the median vein, called

median ce])lialic, passes obliquely upwards

and outwards, external to the proniinenre

formed by the biceps, and joins llie cephalic at

an acute angle above the external condyle.

The cephalic, the basilic, and the two divi-

sions of the median vein joining them, form a

figure which somewhat resembles the Roman
capital letter M.
The superficial lymphatic vessels follow the

course of the veins ; those on the internal side

are larger and enter small ganglions, varying

in number from two to five, which are situated

in the subcutiUieous cellular tissue, above and

in front of the internal condyle, where they

are sometimes seen swollen and inflamed in

consequence of inflammatory affections of the

hand or fore arm.

The subcutaneous nerves are : branches of

the internal cutaneous, usually three or four in

number, the external cutaneous, and some

twigs from the radial and ulnar nerves. The
branches of the internal cutaneous pass down
to the fore-arm, generally superficial to the

basilic and median basilic veins, while the

external cutaneous lies deeper than the ce-

phalic and median cephalic, with the latter of

which it is more intimately connected. Some
twigs from both the internal and the external

cutaneous nerves are distributed to the inte-

guments behind the elbow.

Aponeurosis.—The aiwneurosis of the region

of the elbow is continuous with the brachial

aponeurosis above, and with that of the fore-

arm inferiorlv ; it is strong behind the elbow,

where it receives an expansion from the tendon

of the triceps, and has an intimate adhesion to

the margin of the olecranon : on each side it

is firmly attached to the condyles of the hu-

merus, sending off" several layers from its

internal surface, which form septa between the

origins of the muscles of the fore-arm which
arise from these processes : anteriorly it is

spread over the triangular depression, where
its strength is considerably increased by ex-

pansions which it receives from the tendons of

the biceps and the brachiaeus anticus ; the ex-

pansion from the brachia;us anticus comes
forward on the external side of the tendon of
the biceps, and is lost over the external mus-
cular prominence of the fore-arm in front of
the external condyle ; the expansion from the

biceps forms a narrow band about half an inch

in breadth where it is first detached from the

tendon of that muscle ; it then descends
obliquely to the inner side of the fore-arm, on
the aponeurosis of which it is lost about two
inches below the inner condyle. Superiorly
this expansion crosses over the brachial artery,

and its superior margin is defined by a lunated
border to which the brachial aponeurosis is

attached, while its inferior margin is con-
founded with the aponeurosis of the fore-

arm.

From the above described attachments of
the tendons of the biceps and brachiieus an-
ticus to the aponeurosis of this region, it fol-

lows as a necessary consequence that the con-

REGION OF THE ELBOW.
tractions of these muscles must have the effect

of rendering it more tense.

The aponeurosis of the arm assumes the

form of a very thin fascia as it approaches the

superior margin of the expansion of the biceps

;

at this place it often appears to degenerate

into cellular tissue which covers an oval space

placed obliquely, the broader extremity of

which is below, being bounded by the expan-

sion of the biceps externally and inferiorly,

and by a sort of defined border terminating

the lower margin of the brachial aponeurosis

superiorly and internally: in this oval space

the brachial artery and the median nerve which
lies to its inner side are more thinly covered

than in any other part of their course. The
aponeurosis is also very weak on the external

side of the expansion of the biceps, where it

is pierced by the deep branch of the median
vein, and by the external cutaneous nerve

which comes from beneath the aponeurosis at

this place.

The brachial artery terminates 1^ dividing

into the radial and ulnar arteries in the tri-

angular depression, which is bounded exter-

nally by the supinator longus and internally by
the pronator radii teres.

This artery enters the region of the elbow on
the internal side of the tendon of the biceps

included in a common sheath with its two
venae comites, one of which lies on either side

of it ; it lies on the surface of the brachiajus

anticus, and, becoming deeper as it descends,

it divides into the radial and ulnar arteries at

about an inch below the level of the internal

condyle. The median nerve lies internal to it,

separated from it at first by cellular tissue

;

lower down, where this nerve pierces the pro-

nator teres, the external origin of that muscle
arising from the coronoid process is interposed

between it and the artery : the radial and ulnar

arteries, while still in this region, give off" their

recurrent branches, which pass upwards, encir-

cling the condyles of the humerus, to anasto-

mose with the profunda; and anastomotic

branches of the brachial, as described in the

article Brachial Artery. The venae comites

of the brachial, radial, and ulnar arteries are

double : these vessels are also accompanied by
a deep set of lymphatics. The nerves which
traverse this region beneath the aponeurosis

are, the median on the internal side of the

brachial artery ; the radial, which, descending
between the brachiaeus anticus and the supinator

radii longus, then between the biceps and ex-

tensor carpi radialis, divides into two branches,

the posterior of which passes between the supi-

nator brevis and extensor carpi radialis brevior

to the muscles on the back part of the fore-arm,

while the anterior branch or proper radial

nerve descends in the fore-arm under the su-

pmator radii longus. The trunk of the ulnar

nerve passes behind the internal condyle, and
entering between the two heads of the flexor

carpi ulnaris follows that muscle down the

fore-arm.

Development.—In early life the condyles of
the humerus are not so well marked, nor is
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the olecranon lo prominent, in consequence of

whicli extension of tlie elbow can be carried

farllier tlian in the adult. At the same period

the lesser sigmoid cavity of the ulna is pro-

portionally smaller, and the annular ligament

of the radius much more extensive.

Varktics.—When a high division of the

brachial artery takes plate, it often happens

that the radial artery takes a sui)erficial course,

sometimes under and occasionally over the

aponeurosis to its usual destination. The pos-

sibility of this occurrence should be constantly

held in recollection in performing phlebotomy

in this region, as it is evident that the vessel,

when thus superlicially situated, is exposed to

be wounded by the lancet of the operator.

In considering the relative advantages pre-

sented by each of the superficial veins which

may be selected for phlebotomy, it is necessary

to remark that the operation may be performed

on any of tlie veins at the bend of the arm
;

on the cephalic and basilic veins it is un-

attended with any danger ; not so, however,

when either the median basilic or median
cephalic is the vessel selected. When bleed-

ing in the median basilic vein about the mid-

dle of its course, if Uie lancet should transfix

the vem, there is dajiger of the instrument

woundmg the brachial artery, an accident of

serious consequence ; the risk of this accident

is not so great when the vein is 0[)ened near

its lower part, as the brachial artery retires

from it here towards the bottom of the trian-

gular depression of the elbow ; besides the

occasional risk of wounding the radial artery,

which, in consequence of a high bifurcation

of the brachial, sometimes follows the super-

ficial course already alluded to, the branches

of the internal cutimeous nerve may be wholly

or partially divided ; in which latter case sharp

panis are usually felt extending along the

course of these nerves. Ojiening the median
cephalic vein may be performed without ap-

prehension of injury to the brachial artery

;

the external cutaneous nerve however, the

trunk of which lies behind this vein, may suffer

a puncture, m consequence of the lancet being

pushed too deeply, the consequences follow-

ing which have been in many instances a pain-

ful affection extending along the branches of
this nerve to their terminations. In those un-

fortunate cases in which the brachial artery is

punctured, should tlie wound in the artery

not be closed and united by properly regulated

pressure, the consequence likely to ensue may
be one of the following: 1, the blood esca|>-

ing from the wound in the artery may become
diffused through the cellular membrane of the

limb extending principally upwards towards

the axilla along the sheath of the vessel, (the

diffused J'uhe uncurism ;) 2, the blood which
escapes from the artery may be circumscribed

within a limited space by the cellular mem-
brane which surrounds it becoming condensed,
(the circumscribed false aneurism ;) 3, the

wounded orifices of the artery and vein may
remain in apposition, and adhere to each other,

allowing the blood to pass from the artery
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directly into the vein, constituting the affection

called aneurismul varix ; 4, or a circum-
scribed sac may be formed between the artery

and vein, having a communication with both
vessels, the vuricuse aneurism.

(J. Hart.)

KLBOW (ARTICULATION OF THE),
a.yxut, cubitus; Vr-coude; Germ, elbugen

;

Ital. ((omito. The elbow or humero-cubital
articulation is an angular ginglymus formed by
the inferior articular extremity of the os humeri
and the superior articular extremities of the

radius and ulna, the surfaces of which are, in

the recent state, covered with a cartilaginous

incrustation, and kept in apposition by an ex-
tensive synovial capsule, an anterior, a poste-

rior, and two strong lateral ligaments.

The muscles which cover this articulation

are, the brachia>us anticus, the inferior tendon
of the triceps, and some of the muscles of the

fore-arm anteriorly, the triceps and anconeus
posteriorly, and the suiierior attachments of
several of the muscles of^tlie fore-arin laterally.

Bones.—The lower pirt of the humerus i*

flattened before and behind, and curved a little

forwards : an obtuse longitudinal ridge, on a
line corresponding to the lesser tuberosity at

its superior extremity, divides it into two slo-

ping surfaces anteriorly, while posteriorly it

presents a broad, flat, triangular surface : a
sharp ridge on each side terminates below in a
rough tuberosity, called a condyle ; the exter-

nal condyle is the smaller of the two, and when
the arm hangs loosely by the side, it is directed

outwards and forwards : the internal condyle
is much larger, more prominent, and directed

inwards and backwards : a line let fall per-
pendicularly from the most prominent part of
the greater tuberosity above would fall upon
the external condyle ; the internal condyle
bears a similar relation to the centre of the

superior articular head of the humerus. The
inferior articular surface extends transversely,

below and between the condyles, and presents

a series of eminences and depressions ; begin-
ning at the external side, a small spheroidal
eminence, the eminentia ca|)itata or lesser head,
situated on the front of the external condyle,
directed forwards and received into the circular

cavity on the head of the radius, internal to

this is a small grooved depression which lodges
the internal part of the harder of that cavity :

the remainder of this surface forms a sort of
pulley, to which the greater sigmoid cavity of

the ulna corresponds ; this, which Is called the

trochlea, presents a large depression placed be-

tween two raised ridges : the depressed portion

of the trochlea winds round the lower extre-

mity of tlie humerus in an oblique direction

from before backwards and a little outwards,

being broader behind than in front ; its external

border forms a semicircular ridge, smooth in

front and sharp behind, the anterior part of
which corresponds to tlie division between the

radius and ulna ; its internal margin also forms

a ^semicircular ridge, sharper and more promi-

nent than the external, and which projects half
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an inch below the internal condyle, having be-

tneen it and this latter process a sinuosity in

which the ulnar nerve lies ; it is the prominence

of tliis ridge wliich determines the oljliquity in

the direction of tlie luiraerus, observable wlicn

its inferior articular extremity is placed on a

horizontal surface.

Beliind and above the trochlea a large trian-

gular depression (fossa posterior) receives the

olecranon in extension of the fore-arm ; a simi-

lar depression of smaller size (fhssu uvtcrior)

receives the coronoid process in flexion ; these

two fossa; are separated by a plate of bone,

often so thin as to be diaphanous, and some-

times they communicate by an aperture, the

longest diameter of which is transverse, as in

the quadrumana, carnivora, glires, and pacliy-

dermata; Meckel is of opinion that the exist-

ence of this aperture in the human subject is

more frequent in the Negro and Papuas than

in the Caucasian race ;* however it did not

exist in any one of three Negroes and four

Mulattoes which I dissected, while I possess

two specimens of it, and have seen several

others which occurred in Europeans : a second

small fossa frequently exists above in front of

the eminentia capitata, into which the head of

the radius is received in complete flexion.

The superior extremity of the ulna presents

anteriorly a deep cavity, (the greater sigmoid

cuviti/,) which is concave from above down-
wards and convex in the transverse direction :

it is bounded behind by the olecranon and in

front by the coronoid process ; the surface of

this cavity is smooth and covered by cartilage,

with the exception of a rough transverse notch

which extends from the internal side neiirly the

whole way across it, and the inequalities of

which are efl^aced in the recent stJite by a
cushion of soft adipose tissue ; on the external

side of the coronoid process there is a small

smooth lateral surface, oval in shape, (the lesser

sigmoid aiviti/,) which is concave from before

backwards ; this depression is covered by an
extension of the cartilage of the greater sigmoid
cavity, and receives the internal side of the

head of the radius.

The superior extremity of the radius forms a
shallow circular depression which receives the

lesser head of the humerus; this surface is

covered by a cartilage which extends over its

circumference on a circular surface ap|)lied to

the lesser sigmoid cavity of the ulna internally,

and embraced by the annular ligament in the

rest of its extent : the articular head of the

radius is supported on a cylindrical portion,

called its neck, which is much smaller in its

circumference, of about a finger's breadth long
and curved a little outwards, its junction with
the shaft of the bone beina marked internally

by a rough tuberosity, the tubercle of the ra-

dius, into the posterior side of which the tendon
of the triceps is inserted.

Ligaments.—The fibrous ligaments of the
elbow are four in number; Ist, the anterior
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ligament consists of oblique and perpendicular

fibres arising superioily from the front of the

condyles and the part of the humerus imme-

diately above the two anterior articular fossae,

and is inserted into the anterior edge of the

coronoid process of the ulna inferiorly ; '2d, the

posterior ligament is less distnict than the an-

terior, consisting of transverse fibres extending

from one condyle to the other, which become

more evident when the elbow is flexed; 3d, the

external lateral ligament arises from the ante-

rior surface of the external condyle by a thick

cord-like fasciculus of .shining silvery fibres,

and spreads out into a broad flat expansion,

which is inserted into the whole length of the

annular ligament of the radius and into tlie

anterior and posterior margins of the lesser sig-

moid cavity of the ulna ; the tendons of origin

of the supinator brevis and extensor muscles of

the hand are intimately connected to the exter-

nal surface of this ligament, but can be easily

separated from it by careful dissection ; 4th,

the internal lateral ligament arises from the an-

terior surface of the internal condyle of the

humerus, and passing over the internal side of

tlie synovial capsule, divides into two portions,

an anterior and a posterior, the former of which

is inserted into the inner side of the coronoid

process, and the latter into the internal side of

the olecranon : this ligament presents more of

a flattened form, and is more easily separated

fi-om the tendons of the muscles which cover it

than the external lateral ligament.

The synovial capsule, having covered the ar-

ticular surface of the humerus, ascends above

this surface as high as an irregular continuous

line, including the two anterior articular fossae

in front, the posterior articular fossa behind,

and limited by the bases of the condyles late-

rally ; at the level of this line the capsule is re-

flected from the humerus, and descends on the

internal surfaces of the fibrous ligaments to be

expanded over the articular surfaces of the

radius and ulna, to the cartilaginous coverings

of which it adheres in the same intimate man-
ner as to that of the articular surface of the

humerus ; the portion of it corresponding to

the radius descends within the annular liga-

ment, below which it is reflected on the neck,

and thence continued over the head of that

bone; while it becomes attached to the ulna at

the line which circumscribes the greater and
lesser sigmoid cavities over the surfaces of

which it is extended ; this capsule, which is

rather tense where it lines the lateral ligaments,

is flaccid and sacculated anteriorly and poste-

riorly, so as not to interfere with the freedom of

flexion and extension of the elbow : below the

margin of the aruiular ligament and before it

is attached to the neck of the radius, it forms a
cul-de-sac so loose as to permit the rotatory

motions of that bone to be executed without

restraint.

Several masses of adipose cellular tissue are

situated around the articulation external to the

synovial capsule, more especially in the articu-

lar fossae at the posterior margin of the olecra-

non : between the radius and ulna and in the
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notch on tlie internal side of tlie greater sigmoid
cavity, there always occurs a mass of this sub-
stance from whicli a production extends over
the rough groove described above, dividing tlie

sigmoid cavity transversely.

The synovial capsule adheres closely to the
fibrous ligaments, except where masses of adi-

pose tissue are interposed, to which it is but
loosely connected.

Molions.—The elbow is a joint remarkable
for possessing great solidity, which is partly

owing to the extent of its osseous surfaces and
tlie manner in which they are locked into each
other, and partly to the strong lateral ligaments

and the muscles which surround it.

T/ie motions enjoyed by the elbow-joint are

flexion and extension.

Flexion may vary in degree so as to be com-
plete or incomplete : in complete flexion the

fore-arm is carried forwards and inwards in an
oblique direction across the front of the thorax,

so as to bring the hand towards the mouth ;

the direction of the fore-arm is determined in

this movement by the obliquity of the trochlea

of the humerus from behind forwards and in-

VrTirds, as described above, and influenced by
the clavicle preventing the falling mwards of
the shoulder ; were it not for the support of
the clavicle, the hand in this movement, instead

of being carried to the mouth, would be direct-

ed to the shoidder of the opposite side : when
flexion of tlic elbow is carried to its greatest

extent, the coronoid process and llie head of
the radius are reccivea into the anterior articu-

lar fossae of the humerus, displacing the adipose
masses fix)m these cavities, the olecranon is

brought downwards on the trochlea so as to be
placed below the level of the condyles of the

numerus ; the posterior part of the synovial

capsule, the posterior ligament, and the triceps

and anconseus muscles are made tense, and
applied to the adipose mass in the posterior

articular fossa and to the posterior jart of the

trochlea: the anterior part of the capsule and
the anterior ligament are relaxed, as are also the

lateral ligjiments. A dislocation is rendered
impossible in this state of the articulation,

being eflectually opposed by the hold which
the coronoid process has on the front of the

trochlea of the humerus.
In partial flexion or semiflexion, the several

parts of the articulation are differently circum-
stanced ; the coronoid process being carried

down is no longer applied to the front of the

humerus, the olecranon is on a plane with the

condyles, and the lateral ligaments are on the

stretch : in this state of the parts a powerful
force applied to the olecnmon from behind
might have the effect of displacing the ulna
forwards, were it not for the great mobility of
the limb, owing to which a force thus applied
is moderated or altogether expended in increa-

sing the degree of flexion ; hence a dislocation

of the ulna forwards on the humerus is an acci-

dent which never happens.
In extension, the olecranon, ascending above

the level of the condyles, is received into the

posterior articular fossa, displacing the adipose
substance which previously occupied that fossa,

the radius is brought back on the lessor head
of the humerus, over the anterior part of which
and of the trochlea the ca^ule and the anterior

ligament are stretched ; ttie lateral liganients,

the tendon of the triceps, and the brachia'un

anticus are also in a state of tension : the |x>s-

terior part of the capsule and the posterior

ligament are necessarily relaxed. It is when
the elbow is in such a stale of extension as

here described that a dislocation of the fore-arm

backwards usually occurs in consequence of a

fall on the hand ; the force producing the dis-

location in this case operates in the following

way, the fore-arm serving as a fixed point, the

humerus becomes a lever of the first order, the

fulcrum of which is the point of the olecranon

applied to the posterior side of its lower extre-

mity, the power is represented by the weight

of the trunk of the body applied to its superior

extremity in front, and acting with a force pro-

portioned to its remoteness from the point of

resistance formed by the ligaments and muscles

which are found in a state of tension in front

;

when this force is such as to overcome the re-

sistance, the ligaments in front are ruptured,

the lower extremity of the humerus is then

driven downwards in front of the bones of the

fore-arm, the upper extremities of which are

forced upwards behind the humerus, so that

the coronoid process comes to occupy the nor-

mal situation of the olecranon in the posterior

articular fossa.

Lateral motion.— Anatomists have been
divided in opinion as to the possibility of any
lateral motion being performed by the ulna on
the humerus. Albinus, Boyer, Heclard, Cru-
veilliier, and others, have denied the occurrence

of it; Monro and Bichat, however, have dis-

tinctly noticed it : they consider that this mo-
tion is possible only in the semifixed stale of

the elbow, when the lateral ligaments are most
relaxed : in complete flexion, as well as in ex-

tension, the tense state of these ligaments elTec-

tually opposes any such movement. In my
opinion it is easy to satisfy one's self as to the

occurrence of this motion ; it consists of a slight

degree of rolling of the middle prominent part

of the greater sigmoid cavity in the fossa of the

trochlea, produced by those fibres of the lower

part of the triceps which extend from the con-

dyle on each side to the olecranon, and by the

action of the anconeus externally,

(J. Hart.)

ELBOW-JOINT, ABNORMAL CON-
DITION OF.— Placed in the middle of the

long lever which the upj)er. extremity repre-

sents, the elbow-joint is of necessity exposed

to numerous accidents, the most remarkable of

which are fractures and luxations. These, re-

duced or unreduced, produce immediate and

remote effects, to which it is our business in

this place to advert. Congenital malforma-

tions sometimes, though very rarely, are to be

met with afTecting this articulation, and require

some brief consideration.

The several structures too, which enter into

the composition of the elbow-joint, are each

and all occasionally afTected by acute and
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chronic inflammations, the consequences of

which we cannot omit to notice, and many of

these have their reputed source either in struma

or syphilis, while others are attributed to an ar-

thritic or to a rheumatic diathesis.

I. Accident.— Fractures.—Fractures of the

bones of the elbow-joint may be classed as

to their situation and direction : first, as they

affect the lower extremity of the humerus ; and,

secondly, as they engage the upper extremities

of the bones of the fore-arm

.

1. Simple fractures of the humerus near

the elbow-joint may be transverse or oblique.

When this bone is fractured tramvcrscly at its

lower part immediately above its condyles, or

in young subjects through its lower epiphysis,

in either case the olecranon process is pulled

backwards and upwards by the triceps, while

the part of the humerus superior to tlie fracture,

that is, almost the whole of the bone, is carried

forwards, and forms such a projection below as

much resembles a luxation forwards of the true

articular extremity of the bone ; the prominence
in front is .tiso considerably increased by the in-

clination forwards of the upper extremity of the

lower short fragment, which is pulled in this

direction by the supinators and pronators taking

their fixed point below. The prominence for-

wards, fori led by the angle of contact between
the upper and lower fragments of the humerus,
is covered in front by the brachialis anticus

and biceps; and there is a projection behind
formed by the olecranon process equally well

marked ; so that, in comparing the posterior

aspects of the two articulations, we see the ole-

cranon process at the affected side exceed by its

projection backwards that of the uninjured arm
an inch or more ; when to all this we add the

observation that the antero-posterior diameter of
the arm is evidently augmented, we have here

many of the signs which might lead one to sus-

pect the existence of the luxation of the bones of
the fore-arm backwards. There is this differ-

ence however, namely, that in fracture a crepitus
can be felt, and the deformity is not accompa-
nied with any changes of the normal relations

existing between the olecranon and the con-
dyles.

Oblique fractures near the elbow-joint are
usually prolonged into the articulation, and
may be either external or internal. The frac-

ture may traverse in an oblique line from
without inwards, and from above downwards;
and then the external condyle and capitulum
of the humerus will be detached from the shaft

of that bone, and will constitute the external

or inferior fragment ; or the fracture may take
place obliquely from above downwards, and
from within outwards, so as to comprehend
the trochlea of the humerus and internal con-
dyle in the inner fragment. In the first case,
or external fracture, the posterior muscles of
the fore-arm will have a tendency to pull
the condyle downwards and backwards ; and
in the second, the internal fragment with the
trochlea will be drawn downwards and for-

wards by the pronator muscles.
Oblique fractures, extending into the elbow-

joint, detaching the external condyle of the os

humeri, maybe detected by the following sym-

ptoms. There is considerable swelling and

pain upon pressure on the external condyle :

and the motions of the elbow-joint, both of ex-

tension and flexion, are performed with pain;

but the principal diagnostic sign is the crepitus

produced by communicating a rotatory motion

to the fore-arm. If the portion of the frac-

tured condyle be large, it is drawn a little

backwards, and it carries the radius with it;

but if the portion be small, this circumstance

does not occur; if the fracture of the external

condyle take place immediately above it and

within the synovial sac, it is stated by Sir A.

Cooper that no union will take place except

by means of ligament.* The oblique fracture

of the external condyle is frequently met with

in children ; a fall on the hand forwards may
cause it, the impulse being transmitted along

the radius to the ca|)itulum and outer condyle

of the humerus. The connexion of the radius

with the ulna at this period of life is so loose

that no resistance is afforded to the forcible

ascent of the radius when a sudden fall for-

wards on the palm of the hand occurs : and

hence in the young subject particularly an

oblique fracture of the outer condyle of the

humerus can readily happen : at a late period

of life, the connexions between the bones of

the fore-arm are so strong and unyielding, that

from a similar fiiU forwards on the hand, it is

the lower extremity of the radius which would
be obliquely fractured.

There is at this moment in the Richmond
Hospital a young woman who met with this

oblique fracture of the external condyle of the

humerus near the elbow, when she was only

five years of age. The outer condyle and
capitulum of the humerus were detached ob-

liquely from the shaft of the bone and thrown

backwards, carrying with them the head and
upper extremity of the radius ; she now has

very good use of her arm, but in consequence

of the accident much deformity exists, parti-

cularly when she extends the fore-arm. The
obtuse angle s;ilient internally, which the fore-

arm forms with the arm in the natural state

when it is fully extended, and the hand supi-

nated, does not exist. On the coiitriiry, in this

case the salient angle is external, and corres-

ponds to the outer condyle and head of the

radius, and the retiring angle is placed inter-

nally. (See>g.-10.)

The internal condyle of the humerus is fre-

quently broken obliquely from the body of the

bone, and the symptoms by which the accident

is known are the following : when the fore-arm

is extended on the arm, the ulna projects be-

hind the humerus ; the lower end of the hume-
rus, too, advances on the ulna, so that it can

be easily felt on the anterior part of the joint;

on Hexing the fore-arm on the arm, the ulna

resumes its usual position ; by grasping the

condyles and bending and extending the fore-

arm, a crepitus is perceived at the internal con-

dyle : this accident usually occurs in youth,

* .See plate XTi\\.fig. 1, of Sit A, Cooper's work
on Fractures and Dislocations.
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jPi^. 40.
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Fracture and retntelion of the outer comh/le of the kumertu.

although it may be seen in those advanced in

ht'e. It is an injury very likely to be mis-
taken for a dislocation.

2. Fractures which engage the upper extre-

mity of the bones of the fore-arm are chiefly

confined to the ulna, for the radius very seldom
suHers. Sometimes the olecranon process at

tlie ulna is broken ofl", and occasionally a frac-

ture of the coroiioid process occurs, the con-
sequences of which last accident are sometimes
very serious. Sir A. Cooper gives us the fol-

lowing history : " A gentleman came to London
for the opinion of ditTerent surgeons upon an
injury he had received in his elbow. lie had
fallen on his hand whilst in the act of running,

and on rising lie found his elbow incapable of
being bent, nor could he entirely extend it

;

he applied to his surgeon in the country, who
upon examination found that the ulna pro-

jected backwards when the arm was ex-

tended, but it was without much difficulty drawn
forwai-ds an<l bent, and the deformity was then

removed. It was concluded that the coronoid
process was detached from the ulna, and that

thus during extension the ulna slipied back
behind the inner condyle of the humerus."
A preparation of an accident, supposed to

be similar, is preserved in the Museum of St.

Thomas's Hospital ; the coronoid process, which
had been broken off within the joint, had united

by ligament only, so as to move readily upon
the ulna, and Uius alter the sigmoid cavity of
the ulna so much as to allow in extension that

bone to glide backwards upon the condyles of
the humerus.

Fracture of the olecranon.—This process of

the ulna is not unfrequently broken ofl', and
the accident is attended by symptoms which
render the injury so evident that the nature of
the case can hardly be mistaken. Pain is felt

at the back of the elbow, and a soft swelling

is soon produced there, through which the

surgeon's finger readily sinks into the joint

;

the olecranon can be felt in a detached piece
elevated sometimes to half an inch and some-
times to two inches above the portion of the

ulna from which it has been broken. This
elevated portion of bone moves readily from
side to side, but it is with great difliculty

drawn downwards ; if the arm be bent, the

separation between the ulna and olecranon be-
comes much greater.

The patient has scarcely any power to extend
the fore-arm, and the attem|)t produces very

considerable pain, but he bends it with facility,

and if the limb be lefl undisturbed it is prone
to remain in the semiflexed position. For se-

veral days after the injury has been sustained,

much swelling of the elbow is produced, there

is an appearance of ecchymosis to a consider-

able extent, and an effusion of fluid into the

joint ensues; but the extent to which these

symptoms proceed depends upon the violence

which produced the accident. The rotation of
the radius upon the ulna is still preserved; no
crepitus is felt unless the separation of the bone
is extremely slight. Fractures of the upper
extremity of the ulna are sometimes very com-
plicated. Thus Mr. Samuel Cooper informs us
that there is a preparation in the Museum of the

London University, illustrating a case in which
the ulna is broken at the elbow, the posterior

fragment being displaced backwards by the

action of the triceps ; the coronoid process is

broken off; the upper head of the radius is

also dislocated from the lesser sigmoid cavity

of the ulna, and drawn upwards by the action

of the biceps.

Luxations.—The bones of thi; fore-arm are

liable to a great variety of luxations at the

elbow-joint ; the following arrangement will pro-

bably be found to comprehend most of tliose

accidents as yet known and described.

1. Luxations of both bones backwards; 2.

Luxations of both bones laterally, complete
and incomplete ; 3. Luxations of both bones
laterally and posteriorly ; 4. Luxation of the

ulna alone backwards; 5. Luxation of the

radius alone forward ; 6. Luxation of the ra-

dius externally and superiorly ; 7. Complete
luxation of the radius backwards ; 8. Sub-lux-

ation of the radius backward ; 9. Congenital

luxation of the radius.

1 . Luxation of both bones of the fore-arm
backwards.—This luxation is the most frequent

of all those to which the elbow-joint is liable;

it is usually produced by a fiiU on the palm of

the hand, the fore-arm being at the time ex-

tended on the arm, and carried forwards, as

when a person falling forwards puts out his

hand to save himself.

The patient suffers at the moment of the acci-

dent an acute pain in the elbow-joint,and is often

conscious of something having given way in the

joint. The fore-arm inclines to a state of supina-

tion (^g.41); the whole extremity is manifestly

shortened ; the olecranon process rises very

much above the level of the tuberosities; or, to

speak more correctly, with reference to the po-

sition of the limb, which is always presented to
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Fig. 41.

Luxation of both bonei backtvards.

US for examination more or less flexed, this

process is placed much behind and somewhat

below the plane of the condyles of the humerus.

The tendon of the triceps carried back with the

olecranon stands out in relief, as the tendo

Achillis does from the malleoli. This part of

the triceps thus standing out can be seized

through the integuments by the fingers, and we
perceive in front an interval between it and the

back part of the humerus. Anteriorly, in the

fold of the arm, through the thickness of the

soft parts, we can feel a hard tumour, situated

obliquely from without inwards and back-

wards, formed by the lower articular extremity

of the humerus. The rounded head of the

radius can be seen prominent below the exter-

nal condyle, and we can occasionally even sink

the end of the thumb into the hollow of its

cup-like extremity, and if now a movement of

pronation and supination be communicated to

it, the nature of the case becomes very evi-

dent.

The patient himself feels the arm powerless,

and we find we can communicate to it but
little motion. When we make the attempt to

rotate or flex the arm on the fore-arm, we find

our efforts resisted, and that we give the patient

pain ; a little cxleu^ion of the elbow-joint is

OF THE ELBOW-JOINT.

allowed ; and we have invariably found tliat a

lateral movement of abduction and adduction

could be given to the fore-arm, motions this

joint does not enjoy in the natural state, but

which we can account for being now permitted,

when we recollect the complete laceration the

lateral ligaments must suffer in this injury.

The transverse fracture of the lower extremity

of the humerus, or a forcible separation of its

lower epiphysis, are accidents most liable to

be confounded with luxation of both bones

backwards ; but although the elbow projects

much backwards, and there is a marked

prominence in front, still the relative position

of the condyles of the humerus and the olecra-

non process is not altered in the fracture, as they

have already been described to be, in the lux-

ation. Add to this, that in the fracture the sur-

geon can flex the patient's fore-arm on his arm,

a movement which, in the luxation, the patient

can neither himself fully perform, nor cau it be

communicated.
In the case of the transverse fracture also,

notwithstanding the apparent similitude at first

with the luxation, when a steady extension is

made by pulling the hand forwards, while the

arm is fixed, all the marks of luxation disap-

pear, to return again very shortly, when the

extending force is relaxed. In fracture, too, a

characteristic crepitus may be felt just above

the elbow-joint, by rotating the fore-arm on the

humerus. It is very true that, in some cases

of luxation, the dislocated bones are very rea-

dily restored to their place, and on the other

hand, that a transverse fracture of the humerus

may, after it is reduced, remain so for a little

time, and thus we may perhaps account for the

fact, that these accidents have been confounded

with each other, and the mistake is a serious

one. To guard against error in our diagnosis,

it would be well, after the bones have been re-

duced, to try the experiment of pushing the

fore-arm backwards, while the arm is steadily

pressed forwards ; if the accident has been a

luxation, no change occurs, but if there has

been a transverse fracture of the humerus, or

of the coronoid process of the ulna, all appear-

ances which erroneously induced a suspicion

tliat the accident was one of luxation, are re-

newed, but not so the error of attributing these

appearances to a luxation, for now the exist-

ence of a fracture can no longer be doubted.

Lastly, after the bones, in a case of luxation,

are apparently restored, it will be prudent to

examine the head of the radius, and it will be

right to be satisfied that this bone has also been

replaced as well as the ulna, for, in the luxa-

tion of both bones backwards, the connexion of

the radius with the ulna by means of the coronary

and oblique ligaments, may have suffered, and

under such circumstances, if care be not taken,

the restoration of the radius to the lesser sig-

moid cavity of the ulna and capitulum of the

humerus may have been forgotten, as we have

known to have ha]5pened in one instance.

When the luxation of both bones backwards

is simple, and by mistake or neglect has been

left unreduced, tlie case soon becomes irreme-
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diable ; ths patient for ever loses the power of

fully flexing llie fore-arm, and the muscles of

the arm become more or less atropliicd ; the

powers of pronation and supination also become
impaired, but extension of the elbow-joint can

be performed.

bir A. Cooper had an opportunity of dissect-

ing a compound luxation of the elbow-joint, in

which the radius and ulna were thrown back-

wards, and the specimen is preserved in tlie

Museum of St. Thomas's Ilospitiil, and a re-

presentation given in his work on dislocations

:

see plate xxiii. fig. 2. The coronoid process

of the ulna was thrown into the posterior fossa

of the OS humeri, and the olecranon projected

at the back part of the elbow, above its natural

situation, an inch and a half. The radius was
placed behind the external condyle of the os

Humeri, and tlie humerus was thrown forwards

on the anterior part of the fore-arm, where it

formed a large projection. The capsular liga-

ment was torn tlirough anteriorly to a great ex-

tent ; the coronary ligament remained entire.

The biceps muscle was slightly put on the

stretch by the radius receding, but the brachia-

lis anticus was excessively stretched by the

altered position of the coronoid process of the

ulna.

This was a recent case ; but it would ap-

pear from the dissections which have been

made of cases which had been left for a long

time unreduced, that a new bony cavity had

been made on the front of the coronoid process

of the ulna, while the brachialis anticus be-

came the seat of ossific depositions. An in-

teresting case of this kind is recorded by Cru-
veilhier, and figured by hira in his Anat. Pathol,

plate iv. fig. 1. B<;clard also met with a simi-

tar case in dissection.

2. Lateral dislocation of the bones ofthe fore-
arm.—Lateral dislocations of the elbow-joint are

rare, and this circumstance is owing to the great

transverse extent of the articular surfaces, to the

inequalities which the corresponding surface

of the humerus presents in the transverse di-

rection, to the strength of the lateral liga-

ments, and the attachment to them of tlie tendons

of tliose superficial muscles which pass to the

anterior and posterior part of the fore-arm,

which tendons almost identify themselves with

the lateral ligaments, and must considerably
' strengthen and supix)rt the joint laterally.

Again, the force which would have a tendency

to luxate the bones laterally can very rarely be

directed in such a manner as to produce the

luxation we are now considering, nor are the

muscles ever so directed as to produce them.

We find in authors circumstantial accounts

of the symptoms of the complete luxation

outwards and also of the complete luxation

inwards ; but we have not had any opportuni-

ties ourselves of witnessing these complete luxa-

tions as the immediate result of accidents.

Indeed we can scarcely conceive any complete
luxation outwards to correspond exactly to the

description given ; as we imagine that when-
ever tne bones of the fore-arm are completely

thrown outwards, these bones must be drawn

Fig. 42.

Luration outwarit of both bonet of the forn-arm,
comecutire to caries of the trochlea and great
tigmoid cavity of the ulna.

immediately upward along the outer side

of the arm. We can conceive it possible,

however, that the bones of the fore-arm may
be completely dislocated inwards from the

trochlea of the humerus, and still be restrained

from yielding to those forces which would draw
them upwards and inwards, by the great pro-
jection inwards of the internal condyle of the

humerus, which we know is so much more
prominent than the external. We could scarcely

mistake the case of complete lateral luxation

of the fore-arm, whether it was inwards or

outwards.

In the incomplete lateral luxations of the

bones of the fore-arm at the elbow-joint, the

articular surfaces of the bones are still in con-
nexion, but the |)oints of contact of their

naturally corresponding surfaces are altered

more or less as to their relative positions to

each other. In these luxations the bones of
the fore-arm may be thrown partially outwards
or partially inwards. In the luxation outwards,
the cavity of the superior extremity of the

radius abandons the lesser head of the humerus,
and its cup-like extremity may be felt beneath
the skin, while the great sigmoid cavity of the

ulna corresponds to the capitulum of the

humerus from which the radius has been dis-

placed. As to the anatomy of ttie parts under
such circumstances, the ligaments must be all

torn, the biceps and triceps muscles must be
pulled outwards in llie direction of the bones
of the fore-arm, into which they are inserted,

the supinator brevis muscle cannot escape lace-

ration, and the musculo-spiral nerve must be

more or less stretched. There must be danger

of such a luxation being rendered complete or

even compound.
One of the most remarkable of the external

signs of this injury is an increase of breadth of

the fore-arm in the line ofthe articulation. There
Ls a considerable projection seen at the outer

side of the arm formed by the head of the radius,

and an angular depression immediately above

this. On the inner side of the arm we see the
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f)rominence formed by the inner condyle of the

lunierus, and its lower extremity. The fore-arm

is flexed, and the patient feels it impossible to

move the joint. The deviation and curved direc-

tion outwards given to the biceps and triceps,

and approximation of tJie olecranon to the

outer condyle of the humerus, all taken toge-

ther sufficiently characterize this rare accident.

lu the incomplete luxation inwards, the

cavity of the su]>erior extremity of the radius,

in abandoning the small head of the humerus,

may be carried more or less inwards, and be

placed under the internal border of the articu-

lar pulley or trochlea of this bone, while the

inner edge of the great sigmoid cavity of the

ulna and olecranon ])rocess must project in-

wards beneath the inner condyle of the humerus.

The ligaments must be all torn as well as some

of the muscles arising from the internal con-

dyle of the humerus, the biceps and triceps

are turned from their usual direction and are

curved inwards, and the ulnar nerve must be

more or less stretclied. ITie external signs of

incomplete luxation inwards are what the

anatomy of tlie parts above described would

lead us to expect ; there is a remarkable increase

of breadth across the line of the joint, perma-

nent flexion of the fore-arm, and a powerless

condition of the limb, all wliich were noticed

in the former case. We must add to these a
remarkable projection below and internal to

the inner condyle of the humerus, formed by
the internal edge of the great sigmoid cavity

of the ulna. Our attention is also attracted by
the approximation of the olecranon process

and inner condyle of the humerus to each other,

and the distance of the olecranon from the

outer condyle of the humerus, which forms a

remarkable projection externally.

3. Under the head of lateral luxations of

the elbow-joint. Sir A. Cooper has described

accidents which might perhaps be more cor-

rectly designated^

—

a, complete luxation of the

bones of the fore-arm at the elbow backwards
and outwards ; b, complete luxation of the

bones of the fore-arm at the elbow backwards
and inwards.

«. Luxation of the bones of the fore-arm
backwards and outwards.— In this case the

ulna, instead ofbemg thrown into the postenor
fossa of the os humeri, has its coronoid process

situated on the back part of the external con-
dyle of the humerus. The projection of the

ulna backwards is greater in this than in the

former luxation, and the radius forms a pro-

tuberance behind and on the outer side of the

OS humeri, so as to produce a depression above
it. The rotation of the head of the radius can
be distinctly felt by rolling the hand.

b. Luxation of the bones of the fore-arm
backwards and inwards.— Sometimes the ulna
is thrown on the internal condyle of the os

humeri, but it still projects posteriorly, as in

ifie external dislocation, and then the head of
the radius is placed in the postprior fossa of
the humerus. The external condyle of the

humerus in this case projects very much out-
wards, and the usual prommence of the inter-

nal condyle is lost. The olecranon process

approaches nearer than natural to the middle

line of the body, and is pointed inwards, being

thrown more posteriorly than in any other lux-

ation.

4. Luxation of the ulna alone directly back-

wards.—The ulna is sometimes thrown back

upon the os humeri, without being followed

by the radius. The appearance of the limb is

much deformed by the contortion inwards of

the fore-arm and hand ; the olecranon projects,

and can be felt behind the os humeri. Exten-

sion of the arm is impracticable but by force,

which will reduce the luxation, and it cannot

be bent to more than a right angle. It is an

accident somewhat difficult to detect, but its

distinguishing marks are the projection of the

ulna, and the twist of the fore-arm inwards.

A specimen of this accident is preserved in the

Museum of St. Thomas's Hospital ; the luxa-

tion had existed for a length of time. The
coronoid process of the ulna was thrown into

the posterior fossa of the humerus, and the

olecranon was found projecting behind the

humerus much beyond its usual situation.

The radius rested upon the external condyle,

and had formed a small socket for its head, in

which it was able to roll,* The coronary and
oblique ligaments had been torn through, and
also a small part of the interosseous ligament.

The brachialis anticus was stretched round the

trochlea of the humerus, and the triceps had

been carried backwards with the olecranon.

5. Luxations of the upper extremity of the

radiusfrom the humerus and ulna.—When we
look into the best books we possess for infor-

mation on this subject, we must be struck with

the remarkable discrepancy of the opinions we
find expressed by the authors. Tluis, upon
the subject of luxation forwards of the radius,

we find the celebrated Boyer stating that he
doubts such a luxation can occur without being

complicated with a fracture. Sanson states that

this luxation forwards has never been observed,

and moreover advances what he considers as

anatomical and physiological explanations, to

show the impossibility of such an occurrence.

Sir A. Cooper, on the contrary, gives six

examples of the luxation of the upper extre-

mity of the radius forwards. The French

writers state of the luxation of this extremity

of the radius backwards, that although it is

rare it has been many times witnessed, while

Sir A. Cooper, alluding to this luxation back-

wards, says, " this is an accident which I have

never seen in the living," but he gives an

anatomical account of the appearances found

in a subject, the history of which was unknown,
brought into St. Thomas's Hospital for dissec-

tion. Having thus stated the different opinions

of authors upon this subject, we shall proceed

to give an account of

—

a, the luxation of the

upper extremity of the radius forwards; b, of

its luxation laterally and upwards ; c, of its

luxation backwards ; d, of its sub-luxation

;

e, of its congenital luxation backwards.

• See plate xxiv. _/?(;. 2, in Sir A, Cooper's work.
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n. Luxation of the rtidim at the elbow-joint

forwards.—The symptoms of this accident are

as follows: the fore-arm is slightly bent, but

cannot be brought to a right angle with the arm,

nor can it be completely extended ; when it is

suddenly bent, the liead of the radius strikes

awinst the fore part of tlie Immcrus, and pro-

duces so sudden a stop to its motion as at once

to convince the surgeon that one bone strikes

against the oilier. Tlie hand is placed in a

prone position; but neither its pronation nor

its supination can be completely performed,

although its pronation maybe nearly complete.

The head of the radius may be felt on the front

and upper pan of the elbow-joint, and if rota-

tion of the hand be attempted, the bone will

be perceived to roll; this last circumstance

and the sudden stop to the bending of the arm
are the best diagnostic marks of this injury.

In the dissection of this case, the head of the

radius is found resting in the hollow above the

external condyle of the os humeri. The ulna

is in its natural position. The coronary and
part of the capsular ligaments as well as the

oblique and a portion of the interosseous liga-

ments are torn through. The laceration of the

latter ligament allows of the separation of the

two bones. The biceps muscle is shortened

(Jig- 43).

Fig. 43.

luxation of the radim furmardt.

We have known an instance in which this

iccident was produced in the following man-
ner : the patient in endeavouring to protect his

head from a blow aimed at him by a man who
with both hands wielded a spade, received the

force and weight of the si)ade on the edge of
the ulna, which, at the same time that it pro-

duced a compound fracture of this bone, also

dislocatetl the radius forwards. This latter

complication not having been discovered in

time, remained ever afterwards unreduced.
b. Lateral dislocation of the upper extremiti/

of the radius.—This is an accident we find

alluded to for the first time by Sir A. Cooper,
in the appendix to the edition of his work on
luxations. He does not adduce any recent

case of it, but states that Mr. Freeman brought

to his house a gentleman, aged twenty-five,

whose pony having run away with him when
he was twelve years old, he had struck his

elbow against a tree, while his arm was bent
and advanced before his head, in consecpience
of which the olecranon was broken, and the
radius luxated upwards and outwards alwve
the external condyle. When the arm w;is bent,

the head of the radius passed the os humeri;
he had a useful motion of the limb, but neither

the flexion nor the extension was complete.

As the case here stated is the only one we
are acquainted with on record of luxation of
the radius upwards and outwards, we may be
perhaps excused for exceeding our ordinary
limits by relating the following case of this

accident ; the subject of it was a very intelligent

medical student, about twenty-three years old,
and we shall give the case nearly iu his own
words :

—

lie writes as follows : " When I was veiy
young, a blow was aimed at ray head by a

rrson having a heavy boat-pole in his hands,
endeavoured to save my head by [xu-rying the

blow with my left arm. I received the pole on
the middle and back part of the fore-arm with
a force which knocked me down, and caused a
wide lacerated wound where the pole came in

contact with it. Whether a luxation of the
radius occurred at this time or not was not
known, but ever since the accident the arm
has been weak, and about seven years ago
the weakness increased, and it became liable
to |)artial luxations forwards upon the slightest

causes, which luxations I reduced myself by
making extension with my right arm, until at
length I got a severe fall, which dislocated it

to such an extent, forwards and outwards, as to
defy my attempts to restore it. The arm was
locked m the flexed position, and the head of
the radius was to be felt high up, and pro-
jecting slightly outside the external condyle of
the humerus. The biceps muscle was con-
tracted, and its tendon was very prominent,
hard, and tense, like a bowstring. The hand
was supinated. I suffered little [ain, except
when extension was attempted, when it became
intense. Sir A. Cooper remai-ks, in his cases
of luxation of the radius forwards, that the
fore-arm is slightly bent, but cannot be bent
to a right angle, nor completely extended. My
arm was bent to an acute angle, and could not
admit of the slightest extension. The luxation
was reduced by extension, and in six weeks
passive motion was begun; but I found it

painful to use it, and the head of the radius
would often catch in the ridge above the ex-
ternal condyle, but on extending the arm it

returned with a noise into its place. A month,
however, did not pass before I %vas one morn-
ing awakened in making some awkward move-
ment in my bed, and my arm became luxated
worse than ever. On this occasion the surgeon
who heretofore had easily replaced the bone
found it impracticable to effect it, and called
in Mr. Colles to his assistance ; but although
much force was used it was in vain. From
this time the head of the radius never was
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returned back to its proper situation, but habi-

tually remained dislocated completely forwards

in front of the external condyle. The liga-

ments seemed to have been so lacerated, and

tlie joint felt so weak, that I was in constant

terror lest the bone should be further luxated

as formerly, and that it should again slip over

the external condyle of the humerus. I could

extend ray arm, but not fully, and could rotate

it, but could not flex it sufficiently to use my
fork at dinner. In this state I remained for six

years, and in the winter of 1834-5 the radius

was again luxated laterally over the external

condyle of the humerus by a fall from my bed.

Now the difficulty experienced in bringing the

bone back to the situation it had so long occu-

pied in front of the external condyle, was ex-

treme. I went to the hospital, and two sur-

geons, assisted by six of ray brother pupils,

could not, with all their force, reduce the bone.

The pulleys were also nowused,but without suc-

cess. Dr. O'Beime and the late Dr. M'Dowel
were called into consultation ; they placed me
sitting on ray bed, and fixing tlie hollow angle

at the bend of the elbow against one of the

bed-posts, they used great force to straighten

it, in which they succeeded ; that is to say,

they replaced the bone, not into its original

berth, but back to the new socket, which had
been formed for it in front of the external con-

dyle, where it had been lodged for six years

previously to the last accident, and where it

now remains. At this moment it presents all

the characters assigned to the luxation of the

radius forwards ; the rounded head of this bone
is quite prominent in front of the external con-
dyle of the humerus, in which situation it

seems to have worked for itself a socket, and
behind the head of the radius a deep depres-
sion exists. The arm has a roundecl appear-

ance, and the fore-arm is much wasted."

This case seems to us important as proving
three circumstances : 1. that a partial luxation

forwards of the radius can exist from relaxation

or elongation of ligaments ; 2. that this partial

luxation or weakness of the joint is readily

convertible into the true luxation forwards

;

and, 3. that in the case of unreduced luxation

of the radius forwards the patient is still in

danger of further luxation of this bone laterally,

or above the capitulum and outer condyle of
the humerus.

c. Luxation of the upper extremity of the
radius backwards.—This luxation would appear
to be the most frequent the up))er extremity of
the radius is liable to, although it cannot be
considered a common accident. When, how-
ever, we consider the functions of this joint
and its form, we shall not be surprised to find

the luxation backwards more usual than that
forwards. Tlie articulation is less sustained
posteriorly by muscular parts than in front,

when the fleshy bellies of the supinators cover
and support it. Tliere is also much latitude
given to the movement of pronation, and the
pronators are very powerful muscles. During
a forced pronation, the radius becomes very
oblique, and its upper extremity has a strong

tendency to pass behind the axis of the hu-

merus.
The motion of supination, on the contrary,

is not so frequent, the muscles to ettect it are

not so powerful, and the oblique and interos-

seous ligaments, which afibrd no restraint in

the motion of pronation, are, on the contrary,

soon rendered tense, and oppose a forced

supination, which is the movement most likely

to be followed by the luxation forwards. We
think, therefore, we have physiological grounds
for our belief that the luxation of the radius

backwaids ought to be the most frequent lux-

ation of the radius at the elbow-joint. When
the luxation of the upper extremity of the

radius backward has occurred, the patient

feels at the moment a severe pain in tlie region

of the joint. The fore-arm is flexed, and the

hand remains fixed in a slate of pronation.

Supination cannot be effected either by the

voluntary action of muscles or by force ap-

plied, and each effort, tending to produce this

eflfect, is attended with a considerable augmen-
tation of pain. The hand and fingers are held

in a moderate state of flexion. Finally, the

superior extremity of the radius forms a mani-
fest prominence behind the capitulum or small

head of the humerus.
When the bone is left unreduced, many of

the motions of the fore-arm are rendered im-
perfect, particularly supination ; but the shoul-

der articulation becomes somewhat more fi:ee,

and in some degree this circumstance makes
up for the deficiency.

Sir A. Cooper, who has not seen any example
of this luxation of the radius backwards in the

living subject, has given us an account of a dis-

section of this injury. He informs us that in

the winter of 1821 a subject was brought for dis-

section into the theatre of St. Thomas's Hos-
pital, in which was found this luxation, which
had never been reduced. The head of the

radius was thrown behind the external condyle

of the humerus, and rather to the lower extre-

mity of that bone. When the arm was ex-

tended, the head of the radius could be seen as

well as felt behind the external condyle of the

humerus. On dissecting the ligaments, the

coronary ligament was found to be torn through

at its fore part, and the oblique ligament had
also given way. The capsular ligament was
partially torn, and the head of the radius

would have receded much more had it not

been supported by the fascia which extends

over the muscles of the fore-arm.

d. Sub-luxation of the upper extremity oj'

the radius, with elongation of the coronary

ligament.—\\'hile Boyer denies the possibility

of any partial luxation of the upper extremity

of the radius, he describes very clearly an
abnormal condition of the radio-humeral joint,

of which we have seen many examples, and
which perhaps we may call a sub-luxation.

The ligaments which connect the head of the

radius to the ulna, in the cases above alluded

to, undergo a gradual relaxation and elonga-

tion, so that whenever an unusual effort is

made to produce a strong pronation of tlie
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fore-arm, the head of the radius is permitted

to pass backwards, somewhat behind its iia-

tur.-.l situation ; but as soon as the effort ceases,

the radius resumes its natural position in the

lesser sigmoid cavity of the ulna. A true lux-

ation in these cases cannot be said to hap|)en,

unless the effort of pronation is sufficient to

bring the superior extremity of the radius

behind the small head of the humerus ; when-
ever this has occurred, then the sub-luxation

is converted into the complete luxation of the

radius backwards, and presents all the cha-

racters of this accident, and it cannot be re-

placed without the assistance of art. It is

known to anatomists that the radio-cubital

joint is not advanced much in its development
in infants ; that the lesser sigmoid cavity is as

yet small and shallow ; and that the coronary

ligament of the radius is proportionally longer

and more yielding than it is destined to be in

after life. This articulation, however, is fully

equal, even at this earliest period of life,

to sustain any efforts that its own pronator

muscles can communicate to it ; but it is

by no means constructed so as to be able

to resist those forced movements of pronation

and stretching we see too frequently given to

the fore-arms of infants of a tender age, by
their attendants, who in lifting them from the

ground usually seize them by the fore-arms,

these being at the time in a full state of pro-

nation. Thus we find that in delicate children

the foundation is laid for that elongation of
the coronary ligament, which ends in the con-

dition of this joint we have denominated sub-

luxation. We have usually observed that the

subjects of this affection were delicate from
their youth, and that sometimes only one,

and that frequently both arras were affected

;

that in all cases the extremity was more or less

deformed, having a bowed appearance, the

convexity being external ; that a very evident

protuberance could be seen and felt in the

situation of the head of the radius ; and that

the patient had nearly perfect use of the arm,
although he could neither fully flex nor extend
it. \\'hen the surgeon places his thumb on
the external condyle of the humerus and head
of the radius in one of these cases, and at the

same lime has the fore-arm supinated, the head
of the radius is felt to rotate in its proper place,

and on its axis, as in its perfect condition
;

but if now a forced movement of pronation be
given to the head of the radius, the latter will

be observed to slip backwards towards the

olecranon process : every time the patient him-
self fully pronates the fore-arm, the sub-lux-
ation occurs, and in supination the radius

resumes its place again. This relaxation of
the ligaments of the radio-cubital joint, no
matter how produced, at all events predisposes
those affected with it to the more complete
luxation of the radius backwards.

e. Ctmgaiital or original luxalion of the
superior exlremiti) of the radius backward.—
Dupuytren is the first pathologist who has
spoken of the congenital luxation of the

radius; he met with a case of the kind in

dissection, and described it in his lectures.

He found that the superior extremity of each
radius had abandoned its natural situation,

and was found situated behind the inferior

extremity of the humerus, having passed this

extremity an inch at least. This disposition

being absolutely the same on each side of the
body, there existed no difference between these
two luxations, which were probably conge-
nital. It is also stated that Dupuytren had
mentioned that about twenty or twenty-five

years before he dissected the case now alluded
to, he had seen a case nearly similar, but he
was unwilling to speak positiyely on these
cases, as the history was unknown, and acci-
dent or disease might hare produced similar
results.

Cruveilhier, in his very valuable work on
Pathological Anatomy, quotes the above ob-
servations from Dupuytren's lectures, and
seems to disagree entirely with the celebrated
surgeon of the Hotel-Dieu, advancing it as
his opinion, that it would be much more na-
tural to suppose that the cases described by
Dupuytren were not congenital, but rather
very old luxations, a long lime left unre-
duced.

It is very true that Dupuytren speaks with
hesitation about ihe matter, as he appears to
have met with but two cases, nor can any one
speak with certainty on this subject, until ob-
servation on the living, and anatomical in-

vestigations, shall be combined to elucidate
the matter ; but we think that already enough
can be adduced to shew, that we have strong
grounds for believing that such a con;{enital

defect as luxation of the upper extremity of
the radius backwards may be occasionally met
with, and this is an opinion we think our-
selves authorised to advance, because of the
facts and reasons we can adduce to support it.

In the Museum of the Royal College of Sur-
geons in Ireland, there is a specimen, which
the writer considers to be one of congenital lux-
alion of the upper extremity of the left radius

backwards; Jtg. 44 is a representation of it.

The outer condyle of the humerus exists, but
in front of it there is no rounded head or
capitulum for the radius, or any trace of the
usual convex articular surface ever having
existed. The coronoid process and great sig-

moid cavity of the ulna are unusually targe

transversely, and stretch almost the whole way
across the lower articular extremity of the
humerus, which is entirely formed into one
single trochlea wider than natural. The head
of the radius, which seems never to have been
adequately developed, is situated behind the

plane of the outer condyle of the humerus.
The tubercle of the radius is much enlarged,

and leans against the lesser sigmoid cavity of
the ulna, while the neck of the radius, directed

somewhat backward, is twice its natural lengtli,

and instead of reaching merely to the level ol

the lesser sigmoid cavity of the ulna, stretches

as high up along the ulna as to reach near to

the level of the summit of the olecranon pro-

cess, while the carpal extremities of the radius
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Fig. 44.

)|

and iJna are, in their

natural state, on an even

line with each other.

There is scarcely any
interosseous interval, the

bones seem so closely

connected with each other.

Indeed, from the inspec-

tion of this preparation,

we may justly infer that

the fore-arm during life

had remained much in

a state of semiflexion on

the arm, and of rigid

pronation, and tliat the

movement of supination

was nearly impracticable.

This defective formation,

or atrophy of the capitu-

lum and increased deve-

lopement of the trochlea

of the humerus, which

was so formed to ac-

commodate itself to the

unusual breadth acquired

by the coronoid process

and the whole of the

ulna, must not be con-

sidered unprecedented.

We find, by referring to

the beautiful work of
Sandifort, (the Museum
Anatomicum, table ciii.

fig. 3,) a case similar to

the above delineated

(fig- 45). In referring

to it, the author states

that the bones of the

fore-arm wereanchylosed,

ihat the form of the ca- „ ...
^1 I i ^1, Lonqeiutal lujratwn of the

pitulum was lost, that 'radim backward^.
the head of the radms
was luxated completely

backwards, and that the

ulna alone remained in

articulation with the hu-

merus ; the parallelism

between these two cases

will be still more fully

seen, when, speaking of

the lower articular extre-

mity of the humerus, we
find that he says," Figura

ergocapituliperiit.Rotula

unica, sed major forma-

tur;" and of the ulna,

" insignem acquisivit am-
plitudinem et totam infe-„

. ,

riorem ossis humeri par- <^'»^'»""'' "^'Z'"™"""'
, . . ',, ot nqnt humerus —

tern admittere potuit. ^„,,,/„ e,xlavged—m
In examining very capitulum.

lately the splendid col-

lection of morbid specimens contained in

the Museum of Guy s Hospital, the writer's

attention was caught by observing a pre-

paration of the radius and ulna, belongmg,
he is certain, to the same class of diseases

now under consideration, namely, congenital

luxations of the radius. In this preparation

Pig. 45.

there is a very oblique relative position of tlte

bones of the fore-arm to each other. \\ bile

their carjial extremities are exactly upon a line

with each other below, the neck of the radius

is elongated upwards, and the head of this

bone is displaced much backwards, and is

situated behind and below the outer condyle

of the humerus, and reaches nearly to the

summit of the olecranon. The coronoid pro-

cess and great sigmoid cavity of the ulna have

acquired much breadth, and what is remark-

able in this case, and in which it differs from

any other we have seen, is, that a process of

caries had been going on in the articulation.

Cruveilhier has given four drawings of two

cases of complete luxation backward of the

radius, which he however does not consider to

be congenital. Nor is it in our power abso-

lutely to prove that they are specimens of

congenital luxations backwards, although we
feel i)ersuaded that all the cases we have re-

fened to, these inclusive, are very curious

specimens of this congenital deformity of the

radio-humeral articulation.

The previous history of all the cases we
have collected is totally unknown ; it is re-

corded of them all, that the arm was re-

markable for its deficient development, that

the fore-arm was in a state of demi-pro-

nation and demi-flexion, that the movement
of extension was incomplete, and of su-

pination impossible. Cruveilhier, in the ac-

count he has given of both his cases, states

that the superior extremity of the radius was
at the level of the summit
of the olecranon process

(Jig. 46), and that the infe-

rior or carpal extremity of
the two bones of the fore-

arm were on the same pre-

cise line below, and that no
deformity here existed. The
head of tlie radius and tu-

bercle were deformed, or ra-

ther imperfectly developed,

while there was an elonga-

tion of the neck of the ra-

dius upwards for more than

an inch. Cruveilhier can-

not concur with those who
consider these cases as ex-

amples of congenital luxa-

tions, but looks upon them
as old luxations, which had
been left unreduced.

For our part we cannot

see in these pathological ol>-

servations any thing to con-

vince us that any one of the

cases alluded to was an old

luxation originally produced
by accident or disease. Sup-
pose, for argument sake, it

be admitted that, from long

disease, the form of the

,, ,, . . , capitulum was altogether
Maiformalion of the i . , », j-

radim, in which "*'' ''^'^<=" ""= "'^'"^ '"^^ "°

it wax found „, longer in contact with it, and
long as the ulna, that the acquired breadth of

Fig. 46.
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the sigmoid cavity of tlie ulna was the result of

a natural cHoit to compensate for the loss of

strength the joint suflered from the dislocation

of the melius. Still, supposing it possible that

the surface of the capitulum of the humerus
could be so completely removed, under such

circumstances, as we find it w;is in the cases of

which //gs. 44 and 45 are delineations, we may
ask, is it likely, from accident or disease,

that both elbow-joints should be similarly

atliecled, as they were in Dupuylren's cases.

Another circumstance in our mind cannot be
accounted f r, unless by supiK>sing these cases

congenital, namely, the alteration and great

elongation of the neck of the radius. " L'ex-

trenutc supcrieure de chaque radius avait

abandonn^ sa situation iiaturelle, se troiivait

place derritre I'exlremit^ inferieure de I'hu-

nierus, et depassait cette extremite d'uii

pouce au moins. Cette disposition ^tait ab-

solunient la mime de chaque cote du corps."

^\ e know of no process which could lake

j)lace in the head and neck of the radius after

it had been dislocated, which could satis-

factorily account for the elongation of the

radius, which has been remarked in ihe^e

eases. While looking on them as congenital,

we need not be surprised at it ; for we have
known the neck of the femur elongated and
atrophied, in the case of congenital luxation

of the femur, and have very frequently seen

the lower extremity of the ulna exceed in length

by half an inch the corresponding extremity

of the radius ; and these were cases in which
no doiibt could be entertained that they were
congenital.

Diseme.—Acute and chronic inflammation
produces effects on the membranes, cartilages,

and bones entering into the composition of the

elbow-joint, which will be found nearly analo-

gous to those which the same morbid action pro-

duces on similar .structures in other articulations.

A few local peculiarities, if we may so call them,
wlen the elbow is the seat of the acute or

chronic disease, should alone occupy our atten-

tion here.

Si/novills of the elbow-joint, uncombined
with any affection of the other structures, is

rare ; it may, however, present itself either in

the acute or subacute form. Increased effusion

of fluid into the joint, accompanied wkh the

usual local and .sympathetic phenomena of in-

Hamniation, is the result. Two well-marked
oblong swellings at each side of the olecranon
process in these cases first present themselves,
which after a time, if the dise;vse proceeds,
join and form one swelling, which extends up
the back of the arm, occupying the cellular in-

terval existing between the back part of the

humerus and the front of the triceps muscle,
opposite to the outer condyle of the humerus
and head of tlie radius; the supinators arising

here are, in severe cases, occasionally elevated

and thrown out from the bones by a soft tumour,
which, upon examination, conveys to the fingers

a distinct feeling of a fluid contained beneath.
The nature of the accumulated Huid will, when
the joint is cut into, be found to vary. When
the effusion has followed an acute attack of in-

flammation of the membrane, it will be gene-

rally found to be purulent, though sometimes

we have observed the quality of the synovia

but little altered, except that it was more or

less turbid. When the contents of the synovial

sac have been washed away, the membrane will

be seen to be highly vascular, and tlie ves-

sels of the subsynovial tissue congested

with blood, and its cells infiltrated with se-

rum ; while, if fine injection, coloured with

Vermillion, is thrown into the vascular system

of these parts, the unusual redness the mem-
branes assume can only be compared in height

of colouring to the membrane of the eye in

acute conjunctivitis. With this intense red-

ness of the surrounding membranes is strongly

contrasted the appearance of the cartilages of

the joint; these, but little altered from their

natural colour, are seldom in this articulation

found covered with vascular membranes, and

even when the surrounding structures are mi-

nutely injected, the fluid cannot be made to

penetrate the synovial investment of the carti-

lages.

Cartilage.—When acute inflammation has

existed in the synovial membrane or bones of

the elbow-joint, the articular cartilages covering

these will very frequently be found to have

assumed, in patches, a dull yellow colour ; in

the latter discoloured points the cartilage is soft-

ened, and a blunt probe slightly pressed will

sink into its structure, and its subjacent surfiice

will be found to be detached. A new vascular

membrane having been interposed between the

cartilage and the cancellous structure of the

bone, this elevation and partial detachment of

the articular cartilages from the heads of the

bone, and interposition ofa new organized mem-
brane, are probably the usual preludes to those

other changes we notice. Tlius sometimes a

leaf or flap of the articular cartilage, adherent

only by an edge, hangs into the cavity of the

joint, and again fragments of this structure

completely detached are found loose in the in-

terior of the articulation. In these instances

there is reason to conjecture that the diseased

action which detached the cartilage began on

the surface of this structure contiguous to the

bone. We have occasionally, however, evidence

of ulcerative absorption having commenced on

the free surface of the cartilage. The |)eculiar

worm-eaten api)earance which the surfaces of

cartilages next the cavity of the joint occa-

sionally present, and which, wherever it exists,

is considered by many pathologists to be the

result of a i>roces3 of ulceration which had be-

gun on the free surfaces of the articular carti-

lages, has been occasionally though rarely seen

in the elbow-joint ; much more frequently in

examining elbow-joints which have been the

seal of disease, the articular surfaces of the bones

have been found extensively divested of their

cartilages ; a few patches of them alone here

and there remain ; and these, thojgh apparently

thinner than natural, are of their ordinary tex.

lure, and are firmly adherent to bone.

Such extensive removal of cartilage, which

has exposed the cancelli of the heads of the

bones, has generally been the result of some
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very violent attack of inflammation, which, no

niiiller in what situation it had originated, ulti-

mately we find had not spared any of the tis-

sues entering into the formation of the articu-

lation.

Bone.—^Tlie elastic white swelling (which is

one of the usual external signs of this articular

caries when the bones of the elbow-joint are the

seat of the affection) is always situated poste-

riorly, and gives a characteristic appearance

and a rounded form to the back part of the

elbow-joint, which cannot be mistaken nor

misunderstood. The wasted appearance of the

arm above and of the fore-arm below makes

tliis swelling more conspicuous, and the whole

limb remains habitually in the semiflexed posi-

tion, witli the fore-arm somewhat prone ; every

movement of the articulation causes the patient

much pain. The disease, thus arrived at its

second or third stage, may remain stationary

for a time or terminate in an anchylosis of the

bones; commonly, however, the morbid pro-

cess goes on. Luxation of one or both bones

of the fore-arm occurs, symptomatic abscesses

present themselves, and these after a time make
their way to the surface, and discharge tlieir

contents through openings, sometimes near,

and frequently at a distance from the joint; and

thus, at length, we see formed direct outlets as

well as sinuses and fistulous canals, which give

exit to exhausting discharges. The pain and

irritation attendant on the disease itself, added

to all these, give rise to hectic fever, which too

frequently nothing but the desperate measure

of amputation will arrest. The disease, which
produces such serious consequences, often be-

gins very insidiously, either in the head of the

radius and external condyle of the humerus, or

in the trochlea of this bone and the great sig-

moid cavity of the ulna. When the disease

begins at the radial side, the pain runs along

the course of the musculo-spiral nerve, and
there is a manifest swelling externally in the

situation of the radio-humeral articiilation :

although there is even now a marked tendency

in the fore-arm to remain in a semiflexed posi-

tion, still gentle flexion and limited extension

are admissible ; but when the radius is pressed

against the humerus, and a movement of rota-

tion at the same time is given to the fore-arm,

much pain is complained of. The disease may
go on, confining itself chiefly to the radial side

of the elbow-joint through its first stage of
pain and swelling; through its second of eflTu-

sion of fluids and relaxation of the coronary and
external lateral ligament; and, thirdly, to dislo-

cation backwards of the head of the radius,

and even to suppuration and discharge of mat-
ter through an ulceration or slough of the inte-

guments.
When the caries has commenced in one of

the opposed surfaces of the trochlea of the

humerus or great sigmoid cavity of the ulna,

the swelling and effusion are first noticed in-

ternally at the side of the olecranon and inter-

nal condyle. The pain extends to the wrist

along the course of the ulnar nerve ; the fore-

arm is in this case also in a state of semi-

flexion, and any attempt to extend or increase

the degree of flexion causes very severe pain,

while, on the contrary, a movement of rotation

of the fore-arm is permitted. If the disease pro-

ceeds, the great sigmoid cavity of the ulna be-

comes wider and deeper, and the humerus ad-

vances on the coronoid process ; the internal

lateral ligaments are relaxed, and the triceps

drags back the fore-arm, so that the olecranon

process projects somewhat posteriorly, and there

is a tendency to a displacement backwards.

Whether the disease has originated on the

radial or ulnar side of the joint, it very generally

spreads so as to involve the articular surfaces

of the three bones, and now the disease, termed

scrophulous white swelling, becomes fully esta-

blished, and is easily recognized by the usual

signs. Besides dislocation backwards, either of

the radius or of the ulna singly, or of both

these bones together, lateral displacements of

the bones of the fore-arm at the elbow have

been noticed as a consequence of caries ; nor

need we be surprised at such variety of posi-

tion being assumed by the bones, when inflam-

mation has softened the strong lateral ligaments

and caused their ulceration. While the patient

is confined to bed or to the horizontal posture,

the mere position which is given to the fore-arm

on the pillow will influence the direction of

the displacement that will occur. We have

seen, under such circumstances, complete late-

ral displacement of both bones of the fore-arm

outwards. The internal condyle of the hume-
rus pressing against the integuments covering

it had caused a round slough, through which

the internal condyle of this bone protruded,

while the rounded head of the radius had on
the outer side caused a similar slough and
ulceration of the integuments, through which

the upper cup-like extremity of this bone had
protruded.

This lateral displacement of both bones of

the fore-arm outwards, whether occurring sud-

denly from accident, or slowly from the

eff^ects of articular caries, if it be complete,

must always (we imagine) be followed by a

consecutive dislocation upwards. In this case

of caries above alluded to, we found the whole

extremity somewhat shortened, that the hand
remained habitually prone, and that the fore-

arm (in a state of semiflexion as to the arm)

was directed with considerable obliquity in-

wards. It was plain that the causes of all

these external signs were, that both bones of

tlie fore-arm having their normal relation to

each other, were first carried completely out-

side the inferior extremity of the humerus, and
were then drawn upwards above the level of

the outer condyle of this bone. Tlie olecranon

process wiis not thrown at all backwards, but

was situated immediately above and outside

the external condyle of the humerus ; the coro-

noid process was in front of this bone; the

inner semilunar edge of the great sigmoid ca-

vity therefore corresponded to the convexity of

the outer side of the humerus, and seemed, as

it were, to embrace this bone here so as to for-

bid any further retraction of the fore-arm.

\\'hen we proceed to examine an elbow-joint

which has been the scat of a scrophulous white
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swelling diat li.id presented the usiinl churac-

ters of this (li»eiisc in iLi advanced form, we
usually notice the surface of the skin studded
over here and there with the orifices of fistulous

canals ; these are found genendly to have pro-

ceeded by a windiiij; course, either from the

cavity of the elbow-joint or from the cancellous

structure of the bones, or from both these

sources. \\ hen a section is made of the bones
in this advanced period of the disease, they

will generally be found to be softened in the

interior, and to contain a fatty or yellowish

cheese-like matter in their cells ; when exam-
ined in an earlier stage of this scrophulous
caries, these organs are generally found to be pre-

ternaturally red and vascular, and with much
less proportion of e-arlhy matter than natural,

so that they admit not only of being cut with a

knife without tuniin<; its edge, but yield and
are crushed under very slight pressure.

\\ e have also occasionally opportunities of
examining the joint when the process of caries

would appear to have been arrested and to

have given place to a new growth of bony vege-
tations around the joint ; under such circum-
stances, conical granulations, several lines in

length, shoot out like stalactites around the

trochlea of the humerus and from the olecranon
and coronoid processes of the ulna ; the bones
are, however, in these specimens remarkably
light, porous, and friable. In some cases,

however, the caries of the bone has altogether

ceased, and a process of anchylosis has been es-

tablished, and the fore-arm is flexed on the arm

:

a section through the elbow-joint longitudinally

will in such cases frequently exhibit a com-
plete continuation of the cancelli through the

joint from the cells of the humerus to those of
the radius and ulna.

Rheumatism.—llie elbow-joint, like all the

other articulations, is liable to attacks of acute

rheumatic inflammation, the external signs of
which differ hut little from those which we
observe to attend an ordinary case of acute

synovitis. Tlie disease, however, seldom fixes

itself for any time upon this or any one joint

in particular and usually terminates favourably,

so that opportunities seldom occur of ascer-

taining by anatomical examination the effects

of this species of inflammation in the different

stractures of the elbow-joint. But this articu-

lation is, in the adult and in those advanced in

life, affected by a disease which, for want of a
better name, is termed chronic rheumatism,
the anatomical characters of which are very

remarkable, yet they never have received

from pathologists that attention they appear
to us to deserve. In these cases the elbow-
joint becomes enlarged and deformed; its or-

dinary movements, whether of flexion, exten-

sion, or rotation, become restricted within very

narrow limits ; and when we communicate
to the joint any of these motions, the patient

complains of much pain, and a very remarkable
crepitation of rough rubbing surfaces is jier-

ceived : a careful external examination of the

joint will in such circumstances enable us to

detect foreign bodies in the articulation. Some
of them are small, but others occasionally are

met with of a very large size, and can easily be
felt through the integiimeiiLs. Sometimes the

synovial membrane of the joint itself is much
distended with fluid, and the bursa of the ole-

cranon is likewise att'ected, in which small fo-

reign bodies are also to be detected : sometimes,
however, there would ap|>carto exist in the in-

teriorof the joint even less synovia than natural.

The muscles of the arm and fore-arm for want of

use are more or less wasted and atrophied. As
the external appearances vary, so also do we find

the anatomical characters of the disease to pre-

sent varieties, some of which deserve notice.

We have found the most general abnormal ap-
pearance to be that the cartilages are removed
from the heads of the bones which are greatly

enlarged, and that these articular sur£ices are

covered by a smooth porcelain-like deposit,

and after a time attain the polish and smooth-
ness of ivory : the trochlea of the humerus,
also, and corresponding surfece of the great

sigmoid cavity of the ulna are also marked
with narrow parallel sulci or grooves in the di-

rection of flexion and extension. In these cases

the radio-humeral joint is likewise afiected, the

head of the radius becomes greatly enlarged,

and it assumes quite a globular form, while the

anterior and outer part of the lower extremity

of the humerus will have its capitulum or con-
vex head not only removed, but here the

humerus will be found to be even excavated to

receive the head of the radius, and to accom-
modate itself to the new form it has acquired
from disease. In many cases where the radius

had become thus enlarged and of a globular

form, the writer has found the cartilage removed
altogether and its place occupied by an ivory-

like enamel. In two examples he has seen a
depression or dimple in this rounded head of
the radius, similar to what naturally exists in

the head of the femur, and in these two cases,

strange to i-elate, a distinct bundle of ligament-

ous fibres analogous to a round ligament passed
from the dimple or depression alluded to, con-

necting this head of the radius to the back
part of the sigmoid cavity of the ulna. In

some few cases, when the external signs of this

chronic disease in the elbow-joint were present,

we have found the bones of this articulation

enlarged, hard, and presenting a rough porous

appearance, while the cartilage was entirely

removed ; but in these specimens no ivory

deposit was formed. These were cases in

which the same disease existed locally, and the

same disposition prevailed in the constitution ;

but from the bones having been kept in a state

of quietude, the rough surfaces of the articular

extremities had not been smoothed by the

effects of friction, nor an ivory-like enamel
formed. We believe that in such cases, were
life prolonged, anchyloses would be established

:

in other instances the head of the radius has

not been found enlarged as above described,

but otherwise altered from its natural form.

The superior articular extremity of this bone

has been found excavated from before back-

wards, its outline not being circular nor exactly

oval but ovoidal, accurately representing on a

small scale the glenoid cavity of the scapula.
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It may be remarked that one of our patients,

a man, aged sixty, in the surgical wards of

the House of Industry, who had for many
years sufiered from the severest forms of clironic

rheumatism in all the articulations, got diarrhoea

and died. Tlie writer had previously noted

in particular the condition of the right elbow-

joint; the motions of Hexion and extension

were very limited, attended with much crepi-

tation, and caused to the patient very great

pain. The exact condition of the bones

described in the preceding paragraph existed,

and the loss of the circular outline of the

radius fully accounted for what we had in this

case previously noted, viz. that to remove the

hand from the state of pronation in which it

habitually remained, or to communicate any

movement of rotation to the radius was nearly

impracticable; the glenoid-shaped surface for

the head of the radius allowed of flexion and

extension in the radio-humeral articulation, but

any except the perfect circular form was lU-

suited to permit any rotatory movement of the

radius on the ulna. This then is a peculiar

disease which causes a complete removal of

the articular cartilage from the head of the

bones of the elbow-joint, so that the porous sub-

stance of the bones becomes exposed : they do
not become carious, but on the contrary they

are enlarged, hard, aud their surfaces seem to

expand. If the joint be much used, the effects

of friction become evident; if kept at rest, they

are rough, and anchylosis may take place.

From the phenomena we observe in the

variety of cases that present themselves, we
may infer that, when this disease affects the

elbow-joint, in whichever bone most vitality

exists and most active nutrition is going on,

enlargement would appear to take place, while

in the bone which is softer and in which the

process of nutrition is least, the efl^ects of fric-

tion become of course most manifest. Thus,
in some cases, as already mentioned, we have
found the head of the radius greatly enlarged

and of a globular form, and the outer condyle of

the humerus excavated to adapt itself to this

convexity, while on the contrary, in other cases

the outer condyle of the humerus seemed to

have been the seat of active nutrition, and the

head of the radius to have been rendered soft and
to have yielded to the effects of friction. In all

these cases, there seems to be a very active cir-

culation of blood in the capillary vessels of the

bones and other structures of the joint. Much
of the synovial membrane may be removed
with the cartilages ; but the synovial folds and
fimbrisB (as they are called) which encircle the

neck of the radius, and occupy the different

fossae in front and behind the trochlea of the

humerus, become unusually vascular and en-
larged.

In most of the cases we have examined, we
have discovered what are called foreign bodies
in the cavity of the joint. These we have found
of all sizes, from that of a pea to that of a
walnut. Some were seen hanging into the
cavity of the articulation, being suspended by
white slender membranous threads which
seemed to be productions from tlie synovial

sac; and some were loose in the joint: while, as

to their structure, some were cartilaginous and
bony. The number of these foreign bodies

we have seen in the cavity of the elbow-joint

we confess has astonished us, amounting in

one case to twenty, in another to forty-five.

In all these cases the vessels of the synovial

fimbria; of the joint were m a highly congested

state. The co-existence, therefore, of foreign

bodies with such a condition of the membranes
and their capillary vessels as these dissections

elicited, cannot be too fully impressed on the

mind of the practical surgeon, who is some-
times solicited to undertake an apparently
simple operation for their removal. Lastly,

instead of the few scattered fibres external to

the synovial sac, which, in this joint, when in a
normal state, can scarcely be said to resemble
even the rudiment of a capsule, we have found
in these morbid specimens the thickness and
number of ligamentous fibres so considerable,

that the joint seemed to possess almost a com-
plete capsular ligament.

In Cruveilhier's Pathological Anatomy, Li-
vraison No. 9, Plate 6, Figure 1, there is a gra-

phic delineation of an elbow, illustrating many
of the points here alluded to : he denominates
the disease usure clcs curtiltiges, but it is quite

sufficient to look at one of these cases, either

in the living or the dead, to be satisfied

that the disease does not confine itself to

the cartilages of the joint, but that the arti-

cular heads of the bones are also engaged

;

indeed, in many of our specimens, the bones
of the elbow-joint are so much enlarged as to

resemble at first sight the knee-joint; the shafts

also of the ulna and radius are heavier and
harder than natural,and their cancellated struc-

ture no longer exists, the cells being so densely
penetrated with phosphate of lime that the

sections of these bones in several parts present

the apiiearance of ivory. This account of the

state of the elbow-joint produced by that slow
disease called chronic rheumatism, is the result

of many observations and dissections made
specially by ourselves. We may also add that

Mr. Smith, the able curator of the Museum of
the Richmond Hospital, who has given equal
attention to such investigiitions, has examined
and preserved several specimens which verify

the account here given of the anatomical cha-
racters of this disease ; while, under the writer's

own immediatecharge in the House of Industry,

are numerous living examples of, and sufferers

from, this chronic disease, affecting the elbow-
joint. In most of these cases, however, some
of the other articulations are equally engaged.*

C li. Adams.)

• [Since ihc preceding article was pnl to press,

the Editor has been favoured with the following
coiumuuication from the Antlior, which is too inte-

resting to be omitted :
** Within these three days I

met witli a very singular case of congenital
deformity of botti elbows in a girl about eleven
years of age. The radius could be felt to press
forwards and backwards for the extent of an inch
wlien it was rotated either in pronation or su-
pination. These movements did not consist in

a simple rotation of the radius on its longitu-
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ELECTRICITY, ANIMAL.—A [wwcr,

or ininoiidenible agent, jMSsesscd by and

evolvi'd from certain living animals, wliich

enables them, independently of the operations

of external agents on their structures, to pro-

duce several of the phenomena exliibited by
common and voltaic electricity, generated in

inon^anic matter.

The animals so endowed, with which we are

at present acquainted, are all fislies; and the

eflect by which their power is most sensibly

made known to us is tlie feeling of a shock, or

momentary stunning, which is experienced in

the hand that touches their surface.

It is still doubtful whether the agent which
produces this effect be absolutely identical

with those which produce the various pheno-
mena of common and voltaic electricity, tlier-

mo-electricity, &c.; but the most recent re-

searches on the subject render it proliable that

it is the same in its nature, although different

in intensity.

Wlien Galvani discovered the possibility of

excititig muscular contraction by establishing

an external communication between the nerves

and muscles by means of metals, he imagined
that the contraction was produced by the sti-

mulus of a peculiar agent (or fluid) existing in

the nerves in a state of accumulation, which,
being attracted by the met;ils, i>assed along
them to the external surface of the muscles.

The agent, which was supposed to remain latent

in the nerves, was called by some " the nervous
fluid," as it was imagined to be identical with
that power which animates the nerves during
life. Galvani seems to have entertained this

notion. Other philosophers, avoiding a naine

derived from a theory, denominated the agent

Culvanism. Afterwards it was called Animal

dinal axis, but a real change of place of the
upper extremity of the radius on the outer con-
dyle of the humerus. The elbow was but tilightly

deformed, and all its motions were perfect ex-
cept extension, which was not complete, but the

girt had perfect use of both arms and fore-arms,
which were exactly similarly formed. The ra*

dius seemed principally in fault, and the motions
of the upper head corresponded much to the de-
scription given of the subluxation. (Vide p. 74.

)

1 was afforded an opportunity of examining the

joints in consequence of the child having died of

scarlet fever. Both joints were exactly alike.

The radius was large, the great sigmoid cavity

of the ulna was not half its usual size, and the

coronoid process did not exist. The trochlea on
the humerus, corresponding to the diminished
sigmoid cavity, was one-half less than its natural
size so that the lower extremity of the humerus bore
so striking a resemblance to the condyles of the
femur, when viewed posteriorly from the popli-

teal space, tliat nobody could look at it without
observing the striking resemblance in miniature
of the humerus to the femur. There were libious

bands representing the crucial ligaments, and all

the libres around were yellow and stronger than
na tural. The annular ligament of the head
of the radius was wider than natural but much
stronger, and accounted for the passing to and
fro of this head in pronation and supination.
That the deformity was congenital no one can
doubt : the appearance— the history —the exis-
tence of the same malformation on both sides, all

prove it." Dec. 12, lti3().
|

VOL. ir.

Elcctriciti/. Tliese views were supported by
V'alli, Carradori, Aldini, and Fowler. But,
since Volla and others demonstrated that the
contractions of the muscles in Galvani's expe-
riments were owing to electricity developed by
the contact of the metals employed, and not
to any fluid pre-existent in the nerves, llie

term Animal Electricity has had its meaning
changed. At present, most physiologists use
it in the sense which is implied in the defini-

tion given above.

That is not called Animtil Electricity which
is generated by the friction of animal sub-
stances one upon the other, or by the mere
contact of animal tissues of dissimilar natures.

The phenomena so developed have their source
in common and voltaic electricity. They are

phenomena exhibited by animals in common
with inorganic matter. As the study of these,

however, may ultimately lead to the elucidation

of some points connected willi the electricity

of living fishes, they shall be noticed in the
course of the following article.

It is in the mode of its development that

the chief peculiarity of Animal Electricity

consists. None of the usual excitants of elec-

tricity are concerned in it Tliere is no che-
mical action, no friction, no alterations of tem-
perature, no pressure, no change of form. The
exercise of the animal's will, and the integrity

of the nervous system, as well as of certain

peculiar organs which exist in all the animals
endowed with electrical power, seem to be
alone sufficient for its evolution.

The following are the systematic names of
the electrical fishes at present known:—

Torpedo narke.

unimaculata. Riiso.

marmorata. Ditto.

Galvanii. Ditto.

Gymnotus electricus.

Trichiurus electricus.

Malapterurus electricus.

Tetraodon electricus.

The four sj)ecies of Torpedo inhabit various

parts of the Atlantic and Mediterranean. They
were formerly regarded as constituting one
species, (Kaia Torpedo, of Linna;us;) and now
Dr. John Davy proposes to reduce them to

two; having satisfied himself (and in this he is

supported by the opinions of Cuvier and of
Rudolphi) that the T. marmorata and T. Gal-
vanii are merely varieties of the same species,

for which he suggests the name of T. diversi-

color. It is known in Italy by the name of the

Tremola. The other species (the Occhiatella

of the Italians) Dr. Davy thinks would l)e

better named T. oculata. Both pass in Malta
under the term liaddayla. The first of these

species (T. vulgaris, of Fleming,) occurs on
the south coast of England, where it some-
times attains a great size. Pennant mentions

one which measured four feet in length and
two and a half in breadth, and weighed fifty-

three pounds. And Mr. Walsh describes an-

other which was four feet six inches in length,

and of the weight of seventy-three pounds.*

• Phil. Trans. 1774.
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Both species (Najxi) of Aristotle and Oppian)
are abundant in some parts of the Mediter-

ranean, and are frequently brought to the

market of Rome. Off the west coasts of

France, in Table-bay at the Cape of Good
Hope, in the Persian Gulf and in the Pacific

Ocean, the same, or at least nearly similar

species are plentiful. They frequently form an
article of food amongst the poorer class in the

coast towns between the Ix)ire and the Ga-
ronne; but the electrical organs are carefully

avoided, as they are supposed to possess some
poisonous properties. The Gymnotus is found

in several of the rivers of South America ; it

was met with by Humboldt in the Guarapiche,

the Orouoco, the Colorado, and the Amazon.
The Malapterurus (Silurus, of Linnaeus) occurs

in the Niger, the Senegal, and the Nile ; the

Trichiurus in the Indian Seas ; the Tetraodon

has been met with only on the shores of Jo-
hanna, one of the Comoro Isles. According
to Margrav* there is a kind of ray-shark on the

coasts of Bi'azil, which possesses the power of

giving shocks. He described the fish under
the name of Paraque.f It is the Rhinobatus
electricus of Schneider and other modern ich-

thyologists. But in an examination which
Rudolphi made of the fish in question, he
found no structure resembling that peculiar

organ which exists in all the well-known elec-

trical fishes. No other naturalist has made the

same observation as Margrav, so that the elec-

trical power of this fish cannot be regarded as

satisfactorily ascertained. In Maxwell's Ob-
servations on Congo, mention is made of a
Jargc fish " like a cod," possessed of electrical

powers, which was taken in the Atlantic Ocean.
No such animal has yet come under the notice
of any scientific observer. Certain insects

seem to be possessed of some power re-
sembling animal electricity in its effects, but
few observations have hitherto been made on
these. Reduvius serrutus is one of the insects
so endowed ; with regard to which an intel-

ligent naturalist reports, that, on placing a
living individual on the palm of his hand, he
felt a kind of shock, which extended even to
his shoulder; and that, immediately after-

wards, he perceived on his hand red spots at
the places whereon the six feet of the insect
had rested.! Margrav described a species of
Mantis, a native of Brazil, which, on being
touched, gave a shock felt through the whole
body. According to the report of Molina§
and Vidaure,|| when the Sepia hexapodia is

seized with the naked hand, a degree of numb-
ness is felt, which continues for a few seconds.
Alcyonium bursa, a native of the German
Ocean, is said to have communicated to the
hand a sensation like that of an electrical
shock.f^

It must be regarded as an extremely interest-

• Hist, rcrum Vat. Brasil. 1648.
t The name Puraqtia is used by Condamine in

reference to the Gymnotus.
J Kirby and Spcnce's Entomol. vol. i. 110.
<? Naturgesch. von Chili. S. 175.

I

Gesch. dcs KbniKr. Chili. S. 63.
Trcviranus, Biologic. V. 144.

ing fact that the electric fishes belong to genera

widely removed from one another in structure

and habits, and yet that their own structure is

not so peculiar as to prevent them from being

arranged along with many other fishes posses-

sing no degree of the same power and no
vestige of a structure analogous to their own.

As the fishes enumerated above have not all

been examined with the same degree of atten-

tion, we are ignorant of the extent to which

they exhibit phenomena exactly resembling one
another. But it is well ascertained that they

all agree in possessing the power of commu-
nicating a sudden shock to the hand which
touches them. This shock causes a certain

degree of temporary numbness not only in the

finger which immediately touches the fish, but

also in the hand, and sometimes even in the

arm. The sensation produced has been com-
pared by different experimenters to the shock

felt on the discharge of a Leyden phial, dif-

fering from it only in force. Hence the shock

caused by an electrical fish is said to be pro-

duced by a discharge of its electricity. The
numerous facts relating to the phenomena
which accompany or are connected with this

discharge, which have been collected by the

industry of the many observers of the last and
the present age, who have devoted their atten-

tion to the subject,* may be conveniently ar-

ranged under the following heads : 1. the

circumstances under which the discharge takes

place : 2. the motions of the fish in the act

of discharging : 3. physiological effects of

the discharge : 4. magnetical effects of the

discharge : 5. chemical effects of the dis-

charge : 6. results of experiments on the

transmission of the discharge through various

conducting bodies: 7. the production of a
spark and evolution of heat : 8. results

of experiments in which the nerves, electrical

organs, and other parts, were mutilated : 9.
J

descriptions of the electrical organs in the I

several fishes which have been anatomized.

I. Circumstances under which the discharge

takes place.— Electrical fishes exert their pecu-
liar power only occasionally, at irregular inter-

vals, and chiefly when excited by the approach
of some animal, or by the irritation of their

surface by some foreign body. The discharge,

both with regard to time and intensity, seems
to be dependent on an exertion of the will.

They discharge both in water and in air.

Sometimes the discharge is repeated several

times in close succession ; at other times, par-

ticularly when the fish is languid, only one
discharge follows each irritation. The inten-

sity of the torpedo's discharge is generally

greater when the fish is vigorous, becomes gra-

dually less as its strength fails, and is wholly
imperceptible shortly before death takes place ;

but Dr. Davy has met with some languid and
dying fish which exerted considerable electrical

* Redi, Reaumur, Walsh, Ingenhonsz, John
Hunter, Cavendish, Dancroft, Spallanzani, Wil-
liamson, Humboldt, Gay Lussac, Gcofl'roy, J. 'I'.

Todd, and Dr. John Davy, have all laboured in

the same tield of inquiry.
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power. No irritition has ever produced a dis-

charge after doiUh. The iiitcnsily of the elec-

trical |)ower seems to hear no relation to the

size of the fish, at least after it has attained

mature age ; small fish are almost always ac-

tively electrical.

The torpedo sometimes bears great irritation,

even the firm grasp of a hand, without dis-

charging. In these circumstances it writhes

and twists itself about for some time, using
strong efforts to escape, before it emits its

electricity. In a few instances it has been
found impossible by any means to excite even
vigorous torpedos to discharge. Both Lacc-
ptde and Ueaumur handled and irritated the

most lively torpedos, even while yet in their

native element, without experiencing any shock.

But generally the shocks are stronger when the

skin of the fish is in any way irritated. All
electrical fishes soon become exhausted and
die, even in sea-water, when they are excited

to give a continued succession of discharges.

But fishes much exhausted by fi-equent dis-

charges recover their electrical energy after a
few hours' rest. The torpedo seems to ix)ssess

electrical power even in the earliest periods of
its existence. Spallanzani relates that he found
within a female toriiedo two living foetuses,

which gave distinct shocks on being removed
from their coverings. Dr. Davy, also, once
received a sharp although not a strong shock,
in extracting fcetal fish from the uterine cavities

of a dying torjiedo.

When the Gymnotus is grasped by the hand,
the intensity of the discharge is moderate at

first, but is increased if the pressure be conti-

nued. The torpedo discharges whenever it is

taken out of the water ; and Walsh found that

a vigorous fish repeats the discharge as often

as it is lifted out, and again on being re-im-

mersed ; also that it gives more violent shocks
in air than in water. Spallanzani found the

shock to be more severe when the fish was laid

on a plate of glass. The following observation,

reported by W'alsh, seems to prove that the

Gymnotus can distinguish at some distance

between substances capable of receiving and
conducting its discharge, and those which can-
not conduct ; atid that (excepting when it is

much irritiitcd) it discharges only when con-
ducting bodies are presented to it. Two wires
were put into the water of tlie vessel in which
a Gymnotus was swimming; these wires were
of some length, and stretched ; they termi-
nated in two glasses filled witli water placed
at a considerable distance from each other.

Whilst the apixiratus remained in this state,

and the circulation was of course interrupted,
tJie animal did not prepare to exercise his

power, but whenever any conducting substance
filled the interval, and rendered the circle

complete, it instantly approached the wires,
arranged itself, and gave the shcx;k.

Tlie same fish, according to the observations
of Messrs. Humboldt and Bonpland, appears
to have the power of transmitting its discharge
in any direction it pleases, or towards the

point where it is most sharply irrit;ited; and
further, it seems to be able to discharge, some-

times rom a single point, at other times from
the whole of its surface. Dr. Davy has s.iti»»

fied himself that the Torpedo also has tlte

jKJwer of discharging its electricity in any
direction it chooses.

The shock produced by the dificharge of the

Gymnotus is most severely felt when one hand
seizes the head and the other the tail. When
two persons take hold of a Gymnotus, the one
by the head or by the middle of the body, and
the other by the tail, both standing on the

ground, shocks are felt, sometimes by one
alone, sometimes by both. It has been ob-

served that when metals are placed in the

vessel or pond containing a Gymnotus, the fish

appears much agitated, and discharges very

freqiiently.

II. Motions of the fish in the act of dis-

charging.—Tliese have been particularly ob-

served only in the Torpedo and Gymnotus. At
the time of discharging, according to some ob-
servers, the Torpedo generally becomes so'me-

what tumid anterior to the lateral fins, retracts

its eyes within their orbits, and moves its

lateral fins in a convulsive manner. When
the fish begins to lose its plumpness, after

having given frequent shocks, " a little tran-

sient agitation" is perceptible along the carti-

lages which surround the electrical organs at

the time of the discharge. Dr. Davy, how-
ever, states that he has never seen the Tor[)edo

of the Mediterranean retract its eyes at the

time of discharging ; and that lie has not been
able to associate any apparent movement of the
fish with the electrical discliarge.

The Gymnotus sometimes emits the strongest

discharges without moving any part of its sur-

fiice in the slightest i)erceptible degree. But,
at other times, it seems to arrange itself so as

to bring the side of its body into a parallel

with the object of its attack before discharging.

W'hen a small fish is brought near a Gymno-
tus, it swims directly up to it, as if about to

seize it ; on approaching close, however, it

halls, seems to view the fish for a few seconds,

and then, witliout making the smallest move-
ment discoverable by the eye, emits its dis-

charge ; should the small fish not be killed by
the first, the Gymnotus gives a second, and a
third shock, until its object is accomplished.

It continues to kill a large number in close

succession, if they be supplied to it, but it

eats very few.

III. Physiological effects of the discharge.—
The effects of the discharge on man vary ac-

cording to its intensity and the extent of the

surface of the fish which is touched. A vigo-

rous torpedo causes a momentary shock, which
is felt through the arm even as fer as the shoul-

der, and leaves a degree of painful numbness
in the finger and hand, continuing for a few

seconds, and then going off entirely. Some
observers have comfared the sensation pro-

duced to that felt in the arm when the elbow is

struck so as to compress strongly the ulnar

nerve ; and others (even such as have been

much accustomed to receive electric shocks)

have declared the sensation to 1m- extremely

painful ; Gay Lussac and Humboldt say that

G 2
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it is more go than the shock produced by the

Leyden phial ; and Configliaclii compares it

to that caused by tlie contact of two poles of

the voltaic pile. Ingenhousz thus describes

his sensations under the discharge of the tor-

pedo. " I took a torpedo in my hand, so tliat

my thumbs pressed gently on the upper surface

of the lateral fin, whilst my forefingers pressed

the opposite side. About one or two minutes

after 1 felt a sudden trembling in my thumbs,

whicli extended no further than my hands
;

this lasted about two or three seconds. After

some seconds more, the same trembling was
felt again. Sometimes it did not return in

several minutes, and then came again at vei-y

different intervals. Sometimes I felt the trem-

bling both in my fingers and my thumb. These

tremors gave me the same sensations as if a

great number of very small electrical bottles

were discharged through my hand very quickly

one after the other. Sometimes the shock was
very weak, at other times so strong that I was
very near being obliged to quit my hold of the

animal."* Walsh ascertained that the same
torpedo has the power of discharging in two
different manners, so as to produce at one
time the effect described by Ingenhousz as a

trembling, and at another time a sharp instan-

taneous shock closely resembling tliat produced
by the discharge of a Leyden phial.f Accord-
ing to Sir H. Davy, " whoever has felt the

shocks both of the voltaic battery and of the

torpedo must have been convinced, as far as

sensation is concerned, of their strict ana-

iogy-"t

Sometimes the torpedo buries itself in the

sand left dry at ebb-tide; and it has occasionally

happened, according to some naturalists, that

persons walking across the sand, and treading

upon the spot beneath which the electrical fish

lay concealed, have received his discharge so
fully as to be thrown down.§

The effects produced by the discharge of the

Gymnotus are more severe. When it is touched
with one hand, a snv»rt shock is generally felt

in the hand and fore-arm ; and, when both
hands are applied, the shock passes through the

breast The discharges of large fish (they grow
to the length of twenty feet in their native

rivers) sometimes prove sufficient to deprive

• Phil. Trans. 1775, 2.

t Phil. Trans. 1773, 467.

t Phil. Trans. 1829, 15.

€ The experience of Dr. Davy would lead us to

call in question the possibility of such an occurrence
j

for he has always found it necessary to touch the
opposite surfaces of the electrical organs or or^an to

receive the torpedo's shock. He has irritated torpe-
dos very frequently by pressing with the finger on
different parts of ^he back, but however much the
fish were irritated he never had any sensation re-

ferrible to the passage of the electricity. In corro-

boration of his opinion that the fish cannot give a
shock excepting the two opposite surfaces of its

electrical organs be connected by conductors, Dr.D.
states that when one surface only is touched and irri-

tated, the fish themselves appear to make an effort

to bring, by muscular conlraclion, the border of the
other surface into contact with the offending body.
This is done even by ftctal fish. Phil. Trans.
1834.

men, while bathing, of sense and motion.

I'erniin found that a strong one had jiower to

give a shock to fourteen persons at the same
time ; and other experimenters have seen twenty-

seven persons simultaneously receive its shock.

Humboldt states that, having placed his feet

on a fresh Gymnotus, he experienced a more
dreadful shock than he ever received from a

Leyden phial, and that it left a severe pain in

his knees and in other parts of his body, which

continued for seveial hours. Sometimes the

discharge occasions strong contractions of the

flexor muscles of the hand which grasps the

fish, so that it cannot be immediately let go

;

and then, the shock being repeated still more
severely, painful sensations are experienced

thoughout the whole body, and headache with

soreness of the legs remains for some time afler.*

Paralytic affections, as well as giddiness and
dimness of sight, are said sometimes to have
followe<l the reception of strong dischai^es.f

It is stated by some observers that there are men
who are as insusceptible of the shocks of electrical

fishes as others are of those from the Leyden
pliial ; and that women affected with nervous

diseases are seldom conscious of receiving the

discharge. Ksempfer assertedj that, by sup-
pressing respiration for a short time, any man
may render himself insensible to the torpedo's

discharge; but this has been disproved by
Walsh and other observers.

Regarding the effects of the discharges of the

other electrical fishes, we know very little. The
shock given by the Malapterurusof the Nile and
Niger (Silurus, Linn.) is said to be more feeble

than that of the Torpedo, and yet very painful,

attended with trembling, and followed by
soreness of the limbs. In attempting to take an
individual of Tetraodon electricus in his hand,
Lieutenant Paterson (its discoverer) received so

severe an electrical shock that he was obliged to

quit his hold.

The effects of the discharge of the Gymnotus
on the larger animals cannot be better illustrated

then by the account whicli Humboldt has given
of the method of capturing the fish adopted by
the South American Indians. This method
consists in irritating the fish by driving horses

into the pools which it inhabits. It directs

its electricity in repeated discharges against

these horses until it becomes exhausted, when it

falls an easy and harmless prey into the hands of
the fishermen. Humboldt saw about thirty

wild horses and mules forced into a pool con-
taining numerous Gymnoti. The Indians sur-

rounded the banks closely, and being armed
with harpoons and long reeds, eflectually pre-

vented the escape of the horses. The fishes

were aroused by their trampling, and, coming
to the surface, directed their electrical discharges

against the bellies of the intruders. Several

horses were quickly stunned, and disappeared

beneath the surface of the water. Others, ex-

hibiting signs of dreadful agony, hurried to the

bank, with bristled mane and ht^gard eye, but

• Bryant, Trans. Amer. Soc. ii. 167.

t Plagg, do. ii. 170.

t Amcen. Exot. 514,
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there they were met by the wild cries and violent

menaces of the Indians, whicli forced them again

to enter the water. And when, at last, the snr-

vivors were jiermittcd to leave the pool, they

came out enfeebled to the last degree, aud their

benumbed limbs being unable to support them,

they stretched themselves out upon tlie sand

completely exhausted. In the course of five

minutes two horses were drowned. Hy degrees,

the discharges from thetJymnoti becoming less

intense, the horses no longer manifested the

same signs of agony, and the wearied fishes ap-

proached the margin of the pool,almost lifeless;

and then they were easily captured by means of

small harpoons attaclied to long cords. The
fishes left in a pool thus disturbed were found

scarcely able to give even weak shocks at tlie

end of two days from the time of their combat
with the horses. Humboldt concluded from

what he saw and heard, that the horses which

are lost in the course of this singular fishery are

not killed, but merely stunned, by the dis-

charge. Their deatli is occasioned by the con-

sequent submersion.

In this way many mules are destroyed in at-

tempting to ford rivers inhabited by tlie Gymno-
tus. So great a number of mules were thus lost

within the last few years at a ford near Uritucu,

that the road by it was entirely abandoned.

When small fishes receive the discharge of a

Gymnotus, they are immediately stunned, turn

upon their backs, and remain motionless. They
however, for the most part, recover after being

removed to another vessel. Reaumur reports

that he once saw a duck killed by the repeated

discharges of a torpedo; but both Ingenhousz

and Dr. John Davy kept small fishes in the same
vessel vfith torpedos, without observing that the

former showed any symptoms of suffering from

the shock of the latter. Humboldt saw one

Gynmotus receive the discharge ofanother with-

out giving any evidence of feeling it. Galvani,

having placed, some frogs' thighs, skinned, on the

back of a torpedo, saw them convulsed when the

fish was excited to discharge.

It is said that the discharge of the torpedo is

used medicinally by the Arabians of the present

day, particularly in fevers. The patient is placed

naked on a table, and the fish applied to all the

members of the body in succession, so that each

should receive, at least, one shock. Tliis treat-

ment causes rather severe suffering, but enjoys

the reputation of being febrifuge.

IV. MugiieticiU effects of' the discharge.—
Schilling asserted that he had seen the magnetic

needle set in motion by the discharge of a Gym-
notus ;* also, that the fish was attracted by a

magnet, and adhered to it ; and that it became
so languid when detached from the magnet, that

it gave no shock when irritated. Ingenhousz,

Spallanzani, Flagg, Humboldt, and Bonpland
obtained no such results in rejicating the expe-

riments of Schilling. Professor Halm of Ley-
den suggests that the fish examined by Schilling

may have been coated with particles of ferrugi-

nous sand, which frequently forms the beds of

the American rivers inhabited by the Gymnotus;

H^. de I'Acad. de Berlin, 1770.

and tliat these, adhering to its glutinous skni,

may have given rise to the phenomena observed

by Schilling. In quoting the contradictory

statements of the above-mentioned observers,

Treviranus remarks,* " it is a striking circum-

stance that so good an observer as Schilling was
should have been convinced that he saw such

magnetic phenomena in connexion with the fish,

and still more remarkable is it that Humboldt
and lionpland should liave found a belief in

the possession of magnetic properties by the

Gymnotus prevalent amongst the inhabitants

of the Savannas of Caraccas."

Sir Humphry Davy passed many strong dis-

charges from a torpedo through the circuit of an

extremely delicate magnetic electrometer, with-

out perceiving the slightest deviation of, or effect

on, the needle. He explained this negative

result by supposing, that the motion of tlie

electricity in the organ of the torpedo is in

no measurable time, and that a current of some
continuance is necessary to produce the devia-

tion of the magnetic needle.t Under more
favourable circumstances than those in which

Sir H. Davy investigated tlie properties of the

electricity of the torpedo. Dr. John Davy re-

sumed tlie enquiry at Malta, and ascertained, in

the most satisfactory manner, that animal elec-

tricity U capable of producing magnetic effects.

He not only saw the needle of a magnetic elec-

trometer very much affected by the discharge of

a torpedo, but he found needles, previously free

from magnetism, converted into magnets by Uie

same. In one experiment, he placed eight

needles within a spiral, formed of fine copper

wire, one inch and a half long, and one tenth of

an inch in diameter,containingaboutonehund red

and eighty convolutions,andweighingfour grains

and a half. A single discharge from a torpedo,

six inches long, having been jwssed through

this, the contained needles were all converted

into magnets, each one as strong as if only one

had been used. It was found that the ends of

the needles which were nearest the ventral sur-

face of the fish had received southern polarity,

and of course the other extremities northern po-

larity. The discharges from fish, only four hours

after they were taken from the uterine cavities of

their mother, were sufficiently strong to magne-

tize needles tlirough the medium of a spiral, al-

though but feebly. The same kind of result was

obtained with the multiplier; the needle of

which, when subjected to a torpedo's discharge,

indicated that the electricity of the dorsal surfiee

corresponded with that of the copperplate of

the voltaic pile, and the electricity of the ventral

surface with that of the zinc plate.

In 1827, before Dr. Davy performed his cx-

perimeiits,siniilar magnetic effects were observed

by means of the multiplier, by MM. De
Blainville and Fleuriau, at La Rochelle. They

• Biologie, V. 145.

t Phil. Trans. 1829. 16. Similar expenmenU
were made with the discharge of the Gymnotus by

Messrs. Ritienhouse and Kinnersly with the same

results. They saw no effect produced on the elee-

tmmeter. Philadelphia Med. and Pbyt. Journal,

i. 15.



86 ANIMAL ELECTRICITY.

thrust into the electrical oi^ of a toriwdo

the two needles wliich terminate the wires of

Schweigger's multiplier, and immediately saw

the magnetic needle describe more than half a

revolution.*

V. Chemkdl effects of the discharge.— Xt

does not appear that any observer liefore Sir

U. Uavy attempted to ascertain what chemical

effects the discharge from electrical fishes is

capable of producing. But Sir Humphry
obtained only negative results. He passed tlie

shocks of the torpedo through the unterrupted

circuit made by the silver wire through water,

without being able to perceive the slightest de-

composition of the water.f Dr. John Davy,

however, has obtained decisive evidence of

chemical agency being exerted by animal elec-

tricity. The fishes which he made use of in

his experiments were more recently taken from

the sea, and were, consequently, more vigorous

than those which were the subjects of Sir

Humphry's observations; and it was, probably,

owing to this circumstance that the results which

he obtained were different from those of liis

brother's experiments.

By means of golden wires, one of which was

applied to the upper surface of the fish, and the

other to its under surface. Dr. Davy passed the

discharge from a torpedo through solutions of

nitrate of silver, common salt, and superacetate

of lead, and found that all were decomposed.

The decomposition of the superacetate of lead

was effected only when the fish seemed to put

forth all its energy, after being much irritated.

J

From the solution of nitrate of silver, the metal

was precipitated only on the wire connected

with the ventral surface of the fish. When
platina wires were used, and plunged into nitric

acid, gas was given off only from that in con-

nexion with the dorsal surface. A solution of

iodide of potassium and starch having been

subjected to the discharge conveyed along the

platina wires, had the iodine in combination

with the starch precipitated from it on the wire

from the upper surface.§ By the same dis-

charges which produced these chemical effects,

the needle in the galvanometer was moved, the

spirit in the air-thermometer was raised, and
needles in the spiral were magnetized.

VI. Results of experiments on the transmis-

stem of the discharge through various conduct-

ing bodies.—Almost all bodies which are con-
ductors of common and voltaic electricity con-

duct also the discharge of electrical fishes; and
those which are non-conductors with regard to

the former are the same with regard to the latter.

But the discharge of the torpedo, when feeble,

does not pass along even good conductors; and
this circumstance has given rise to some dis-

crepancy between the statements of different

observers. Walsh received the torpedo's dis-

cliarge through iron bolts and wet hempen
cords. The French fishermen declare that they

sometimes receive shocks through nets, while

• Pouilkt, V.lom. de Phys. i. 773.
t Phil. Trans. 1829.

t Phil. Trans. 1832.

$ Phil. Trans. 1834.

the fish is twelve feet distant from their hands.

But Humboldt and Gay Lussac state that ttiey

received no shock when they touched the fish

with a key or any other conducting body ;
*

further, that when they placed the fisli upon a

metallic plate, so thai the inferior surface of its

electric organ touched the metal, the hand which

supported it felt no shock : and they concluded

from their experiments that the torpedo could

not transmit its discharge through even a thin

layer of water ; although they found that when
two persons applied each one hand to the fish,

and completed a circuit through their own
bodies by means of a pointed piece of metal

held in the other hand, and plunged into a little

water placed upon an insulating body, both

felt the shock. In one instance Dr. Davy
received the torpedo's shock through water, but

his hand was within a very short distance of the

fish. Walsh transmitted the torpedo's discharge

tlirough a chain of eight persons, who com-
municated with one another only by water con-

tained in basins, in which their hands were
immersed. And the same observer also found
that when a torpedo was touched with a single

finger of one hand, while the other hand was
held in the water at some distance, shocks

were distinctly felt in both hands. Numerous
observations made on the Gymnotus leave no
doubt with regard to the passage of its discharge

through water. If a person hold his finger in

the water several inches (some say even ten

feet) distant from the fish, and another person

touch it, both receive shocks equally severe.

Dr. Williamson found that a pei-son holding his

finger in a stream of water, running from a hole

made in the bottom of a wooden vessel in

which a Gymnotus was swimming, very dis-

tinctly felt all the discharges given by the fish.

The discharge from the Gymnotuspasses through

a chain often persons, so that they all seem to

feel the shock yi the same degree. It is con-

ducted by iron rods several feet in length. It

does not pass through air, interposed between
metallic conductors, until these are brought

within about one-hundredth of an inch of each
other.

So far as tliey have been examined, the phe-

nomena presented by the discharge of the

Silurus have been found to be nearly the same
as those just detailed.

VII. The production of a spark, and evolu-

tion ofheat.—No observer has hitherto seen light

emitted from the body of any electrical fish at

the time of tlie discharge ; but, by artificial

arrangements, some have succeeded in pro-

ducing sparks in the course of the circuit de-

scribed by the discharge. In 1792, Gardini

saw a spark from a torpedo's discharge, in

the course of his repeating some of Walsh's

experiments. And in 1797, Galvani obtained

a small spark, visible only with the aid of a
lens, from a torpedo ; but it does not appear that

any other observer has been equally successful

with regard to this fish. Very recently, Dr. Davy
has directed his attention particularly to this

point, and, alltiough he used active fish, and took

• Ann. de Chimie, t. Ixv. 15.
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every possible precaution, lie could neither, in

the light, delect the slightest indications of the

passage of electricity through even very small

intervals of air, nor observe a sjiark in the dark.

He was equally unsuccessful in using an elec-

troscope formed on the principle of Coulomb's,

which displayed siiarks when touched either

wiili a small rod of glass slightly excited, or of

sealing-wax. He varied the trials, using highly

rarefied air at ordinary tempenitures, and also

condensed air deprived of moisture, with the

same negative result. lie insulated the fish on

a plate of glass, wim^d its margin dry, and
besmeared it with oil, but no s[>ark could be
procured.

Dr. Davy was more succes.sful in obtaining

indications of the evolution of heat during the

torpedo's discharge. He used Harris's electro-

meter, and saw proof of an elevation of tem-

perature in the motions of the fluid in the air-

thermometer; thus corroborating the prediction

of Dr. Faraday, who was previously convinced

that, by means of this instrument, the evolution

of heat by animal electricity would be made
evident. Dr. Davy made several experiments

with the view of ascertaining whether very fine

platina wire might not be ignited in the passage

of the electricity of the torpedo, but never

witnessed the expected effect. Upon this he

remarks, " This w;mt of ignition may, at first

view, seem contrary to the effect on the ther-

mometer ; but perhaps it ought not to be con-

sidered so, taking into account the rapid mau-
ner in which the heat evolved in the fine pla-

tina wire must be carried off by the adjoining

compound wire of platina and silver."*

From the discharge of the Gymnotus, Walsh,
Fahlberg, Guisan, and other observers of the

last century, obtained sparks. Walsh attached

a thin sheet of pewter to a plate of gliiss, cut a

very fine slit in it, and tlien passed the discharge

along tlie metallic sheet, the fish being at the

time out of the water. A spark was very dis-

tinctly seen at the margins of the slit. Fahlberg

of Stockholm used Oie same kind of apparatus,

but with gold leaves instead of i>ewter, and

placed t!ie margins of these about a line apart.

Dr. Williamson fixed two brass rods in a frame,

and brought their points to within one-hundredth

of an inch of each other, but, although the dis-

charge of the gymnotus passed fi'om one rod to

the other through the intervening air, there was

no spark. Humboldt watched an active Gym-
notus for a long time during the night, and
irritated it so as to obtain from it many sharp

discharges, but he saw no spark.

VIII. Itesults of experiments in which the

nerves, electrical organs, anil other parts were

mutilated.—The general result of these experi-

ments is, that destruction of the communications

between the electrical organs and the nervous

centres is followed by annihilation of the power

of discharging.

According to Mr. Todd, (whose experiments

were made on the torpedo at the Cape of Good
Hope,) it is necessary to cut through all the

nerves going to the electrical organs to destioy

* Phil. Trans. 1834.

their |)eculiar powers. lie cut through all on
one side, and some on the other, but still

shocks were given. He also lacerated the

organs themselves extensively, without destroy-

ing the discharging power. Mr. Todd found

that fishes in which all tlie electrical nerves had

been cut appeared more vivacious after the

operation than before it, and actually lived

longer than others not so injured, but which

were excited to discharge frequently.*

In repeating Mr. Todd's experiments. Dr.

Davy obtained very similar results; but ha

mentions that "when a small portion of brain

was accidentally left, contiguous to the elec-

trical nerves of one side, and with which they

were connected, the fish, on being irritated,

gave a shock to an assistant, who grasped the

corresponding electrical organ."•!

Spllanzani found that the torpedo loses its

power of giving shocks after the aponeurotic

covering of the electrical organs is removed ;

but that the cutting out of tlie heart does not

lessen this power until the animal life begins to

suffer from the loss of blood.

Humboldt cut a Gymnotus through the mid-

dle of the body transversely, and found that the

anterior portion alone continued to give shocks.

Experiments of this kind have not yet been

performed on the Silurus ; but, judging from

tlie structure of the organs in this fish, we have

every reason to expect that the results of such

experiments on it would be the same. While

we would not be understood to sanction the

want07i repetition of experiments such as these,

which cannot but be productive of much suffer-

ing to the subjects of them, we must yet repeat

here the suggestion recently made by Professor

Miiller of Beriin with regard to future experi-

ments on the Gymnotus and Silurus. He points

out how very desirable it is to ascertain whether

the double organs of these fishes act as opposite

electromotors, which might be determined by
cutting out one organ from either side, and then

exciting the fish to discharge. The same dis-

tinguished physiologist remarks that if he had

an opportunity of experimenting on the torpedo,

his first experiment should be, after having cut

through the nerves going to the electrical orgjuis,

to irritate their cut extremities, still in connexion

with the organs, with mechanical and galvanic

stimulants, with the view of discovering wheUier

these would excite the organs to discharge their

electricity.J

IX. Anatomy of the electrical organs.—The
experiments referred to in the former section

sufficiently demonstrate that the manifestation

of the peculiar power jxissessed by electrical

fishes depends on the integrity of the connexion

between their nervous centres and certain

organs of a peculiar structure, which have

been named the electrical organs. These have

been particularly examined in the Tor()edo,

Gymnotus, and Silurus, by several anatomists,

and no doubt is entertained that they, together

• Phil. Traiw. 1816.

t Phil. Trans. 1834. 120.

{ Handbacb dcr Physiol. d«» Measchen. Co-

blenz. 1833.
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with tlicir large nen'es, are the sole means

en)i)loye<l in bringing this myslevious agent

under tlie control of the animal's volition.

Tliey are therefore well worthy of an attentive

examination.

1. The electrical organs in the torpedo.—
The torpedo is a flat fish, possessing the same

general ap])eannice and structure as the rays,

and classed along with them in zoological sys-

tems. The electrical organs occupy a large

ANIMAL ELECTRICITY.

coverings are discovered investing the electrical

organs. The outer one has longitudinal fibres,

which are rather loosely adherent, and, around

the margins of the organs, seem to inosculate

with the skin. The inner fascia is of consider-

able density, forms the immediate tunic of the

electric columns, and sends processes down
Ixnween them to form their partitions. Through-

out their whole extent, the essential part of the

electrical organs is formed by a whitish soft

Fig. 47.

Upper surface of electrical organ of uji ak.

A, common iutc^uments. B, branchial opening. C, oyc.

sected off from the electrical organ, and turned outwards.
G G, the upper surface of electrical organ.

D, situation of the gills. E E, skin dis-

F, part of the skin which covered the gills,

part of the broad expansions of the body,
which in the oilier allied fishes are formed
only by the lateral fins. They form two sepa-

rate masses, one on either side of the head and
gills, extending outwardly to the cartilaginous

mari;ii)s of the great fins; and, posteriorly, to

the cartilage which separates the thoracic from
the alidomiiral cavity. Tlieir form and the

honey-comb embossments of their surfaces can
be distinguished through tlie skin both of the

dorsal and ventral aspects. The common inte-

guments being removed, two strong fascial

pulp, divided into numerous pentagonal prisms

by the fascial processes just mentioned. These

lie close together, parallel with one another,

and perpendicularly between the dorsal and

ventral surfaces of the fish, so that their extre-

mities are separated from these surfaces only

by their fascial and the common integuments.

When these are removed, the columns presei>t

something of the appearance of a honey-comb.

The coUinins are longest next to the head and

gills, and thence gradually diminish outwardly,

until, on the external margin, they are only
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about one-sixth of the length of the internal

ones. Jn a fisli described by Jolin Hunter,*

of wliich the whole electrical organ wa.s about

five inches in lcns;th, the loni;esl colnnin was

about one inch and a half, and the shortest

about one-fourth of an inch in length. In the

same Hsh the average diameter of each column
was about two-tenths of an inch. In a fish

from the Mediterranean, thirteen inches and a

half in length, and about seven niches in

breadth, (which, through the kindness of Dr.

Allen Thomson, we have had an opportunity

of examining in detail,) the length of the

longest columns is one inch, and that of the

shortest about three-tenths of an inch. Most
of these columns are either irregular pentagons,

or inegular hexagons ; a few are nearly tetra-

gonal. They are united to one another by

short but strong fibres, and by a reticular

ex|)ansion of tendinous threads spread through

them. Their number varies considerably ac-

cording to the age of the fish. Hunter con-

jectured that a few new columns are added

every year to llie circumference of the organ.

In one of the largest fish that has yet been

pailicularly examined, which wiis four feet and

a half in length, the number of columns in

one electrical organ was 1182. Mr. Hunter

found 470 in each org-an in a fi.sh of ordinary

size. Mr. Hunter described each column as

being divided into numerous distinct compart-

ments by delicate membranous partitions,

placed horizontally, at very short distances

from cacli other. The interstices between them

appeared to him to contain a fluid. He found

the partitions in several places adhering to one

another by bloodvessels; and all, throughout

their whole extent, attached to tlie inside of

the column by a fine cellular, membrane. In

a column of one inch in length, he reckoned

150 partitions, and it api>eared to him that

their number is the same within the same spce
in all the columns.f Hence, he thought it

likely that " the increase in the length of a

column, during the growth of the animal, does

not enlarge the distance between each partition

in proportion to that growth, but that new
partitions are fornie<l and added to the extre-

mity of the column from the fascia."

The partitions are covered with fine network

of arteries, veins, and nerves. According to

Hunter, " they are very vascular." He described

the numerous arterial branches which ramify

on the walls of the columns as " sending in-

wards from the circumference all around, on

each partition, small arteries which anastomose

upon it, and passing also from one to the other,

unite with the vessels of the adjacent parti-

tions." Tlie partitions themselves are so deli-

cate as not to admit of being satisfactorily

examined in the fresh fish : (all Hunter's obser-

vations were made upon fish that had been

preser\ed in spirits, by which, doubtless, the

delicate membranes were rendered more opaque,
and therefore more easily visible.) In point

• Phil. Trans. 1773, 481.

t Desinoulins and M-ijondic say that they found
only seven or eight partitions in each column.
Anat, dcs Syst. Ncrv. ii. 378.

of fact. Dr. Davy has never seen them in the

course of the numerous dissections which he
has made of the electrical organs in fish recently

taken ; whereas, in specimens sent hither by
him, preserved in spirits. Dr. Allen Thomson
and the writer of this article have siilisfactorily

ascertained their existence and structure as

described by Hunter. Dr. Davy says, " when
I have examined with a single lens, which
magnifies more than 200 times, a column of

the electrical organs, it has not exhibited any
regular structure ; it has appeared as a homo-
geneous mass, with a few fibres (Kissing into it

in irregular directions, which were probably

nervous fibres."* However, after having im-

mersed the organs in boiling water. Dr. Davy
has occasionally seen something like a lami-

nated structure within the column, lludolphi

satisfied himself of the division of the columns
by membranous partitions, and further, that

each partition is supplied with a distinct nerve.f

In a memoir on the comparative anatomy of
the Torpedo, Gymnotus, and Silurus, Geoffroy

described I the columns as being filled with a
semifluid matter composed of gelatine and
albumen.
A large quantity of fluid enters into the

coraiKisition of the general mass of the elec-

trical organs. Dr. Davy has found that they

lose more by drying than any other part of the

fish—nearly 93 per cent. ; while the soft parts

in general, including the electrical organs, lose

only 84.5 per cent.§ He believes that the fluids

ofthe organs hold various substances in solution,

but the exact nature and proportions of them
have not been ascertained. We are indebted

to the same indefatigable observer for an ac-

count of the sjiecific gravity of the electrical

organs. He found it to be very low compared
with that of the truly muscular parts of the

fish,—namely, 1.02C, to water as 1.000, while

that of a part of the abdominal muscles of the

Siime full-git)wn fish was 1.058, and of the

dorsal muscles 1.065. In a fish eight inches

long, five inches across the widest part, and
which weighed 2065 grains entire, the electric

OT^ns together weighed 302 grains, the liver

only 105 grains.

No contraction has ever been seen in the

electrical organs of living fish under the stimu-

lus of the strongest excitants, not even under
that of galvanism ; so that, although what
ap|iear to be tendinous threads are spread

amongst and over the columns, we have no
reason to suppo.se that any muscular tissue

enters into their composition. But, in all

directions, they are exposed to the pi-essure of

• Phil. Trans. 1832.259.

t Abhandl. der Acad, der WItsensch. in Berlin.

\mO. 224.

i Ann. du Mus. No. 5.

§ The smallest torpedo employed by Dr. Davy
in his experiments weighed 410 grains, and con-

taincil only 48 grains of solid matter ; its elec-

trical organs weighed 150 grains, and contained

only 14 grains of solid matter ;
yet this small mass

gave sharp shocks, convened ncetllcs into magnetSt
alTected distinctly the multiplier, and acted u *

chemical agent. " A priori, how inconceivable

that these effects could be so produced!"
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strong muscles, such as are plainly designed to

compress them. Some of these are inserted into

the marginal cartilages of the fins; and there is a

set of very powerful ones, arranged in a cruci-

form manner on the ventral surface, so placed

as to compress the electrical organs most strongly

during their contraction. Dr. Davy remarks,
" It is only necessary to compare these muscles

as they exist in the torpedo with the same in

any otlier species of ray to be convinced that

they are adecjuate to, and designed for, the

compression of the batteries."

Some observers, as John Hunter, state that a

large proportion of blood circulates through the

electrical organs. Girardi found the torpedo

much more full of blood tlian the other rays.*

But Dr. Davy says, tliat there are very few

vessels containing red blood in the organs tliem-

selves; although their tegumentary coverings

and tlie adjoining mucous system are highly

vascular. The arteries of the orgvms are

branches from the arteries of the gills ; their

veins run between tlie gills direct to the auricle.

The temperature of the electrical organs is not

at all higher than that of other parts of the fish.

All anatomists who have examined the torpedo

have had their attention much arrested by the

great size of the nerves distributed to the electri-

cal organs. These consist of three principal

trunks, all arising immediately from the cerebro-

spinal system. The two anterior trunks are re-

garded by Desmoulins and Majendief as

portions of the fifth pair of nerves, and the third

as a branch of the eighth pair. But the first

electrical ner\e seems to have an origin altogether

distinct from tlie root of what is unquestionably

the main portion of the fifth pair, although it

certainly is in very close proximity with it, and,

in passing out of the cranium, the two nerves

seem to be in some degree united for a short

space. Immediately beyond this point of union,

the electrical nerve sends a soft twig to a small

cavity within the adjoining cartilage, (which Dr.

Davy thinks is the ear,) and then divides into

three small branches, and two large ones. One
of the small branches goes to the gills, another

to the neighbouring muscles, and the third to

tlie mouth. The first ofthe large branches runs

along the outer margin of the electrical organ,

advancing first anteriorly, then going round to

the posterior part of its circumference, and
losing itself in the mucous glands of the tegu-

mentary system, without sending a single twig

into the electrical organ itself. The other great

branch is inferior to the former in position, but

much more voluminous ; it enters the electrical

organ, and is ramified through its anterior third

part, passing between its columns, and giving

ofTnumerous twigs for the supply of the walls of

the columns, and the partitions, on which it

terminates ; some of which pass even into the

gelatinous matter with which the columns are

filled. This branch, firom its very origin, has

all its fibres separated, isolated, and parallel,

held together only by cellular tissue, which
also forms a kind ofmembranous sheath around

* Mem. della Soc. Ital. iii. 563.

t Anal. Comp. des Syst, nerv.

the nerve. Just as it reaches the organ, it is

divided horizontally into two portions, one of

which runs near the upper surface, the other on

the plane between the lower and middle thirds

of the thickness of the organ.

When examined with a high magnifying

power, the minute branches of the electrical

nerves present a dotted appearance, showing as

if the medullary substance were arranged within

the sheath, not in a continuous line, but in a

succession of small portions with a little space

between each.*

The second electrical nerve rises a little be-

hind the former. After leaving the cranium, it

divides into two large branches, which, with the

exception of a few twigs which go to the gills,

are wholly distributed in the middle third of

the electrical organs, in the same manner as the

first pair.

The third electrical nerve arises from the brain

close to the second, from which, however, it is

separated by a thin cartilaginous plate. The
greater portion of it goes to the electrical organ,

and is distributed through its posterior third. It

also supplies part of the gills, the gullet, the sto-

mach, and the tail. Dr. Davy says it appeared

to him that the branch of this nerve which goes

to the stomach is the principal nerve of that

organ : it is spread over its great arch.t The
same observer also points out as deserving of

particular attention, a very large plexus of nerves

formed by a union of the anterior and posterior

cervical nerves, of the former of which there are

seventeen on either side, and only fourteen of

the latter. This plexus presents itself as a

single trunk just below the transverse cartilage

that divides the thoracic from the abdominal
cavity. It sends a recurrent branch to the

muscles and skin of the under surface of the

thorax; but the larger portion is distributed

upon the pectoral fin and the neighbouring

parts. The motive and sentient powers of the

muscles and integuments connected with the

electrical organs seem to depend on this

plexus.

The only other peculiarity of structure in the

torpedo which can be supposed to be in any

way connected with its electrical power, is in

the system of mucous ducts, which is much
more fully developed in it than in any other ray

with which we are acquainted. It consists of

numerous groups of glands arranged chiefly

around the electrical organs ; and of tubes con-

nected with these, having strong and dense

coats, filled with a thick mucus secreted by the

glands. Tlie tubes open chiefly on the dorsal

surface of the skin, and pour out the mucus,

• Dr. John Davy, Phil. Trans. 1834.

t On this subject. Dr. Davy remarks

—

" It is an
interesting fact that the nerves of the stomach are

derived from those supplying the electrical organs.

Perhaps superfluous electricity, when not required

for the defence of the animal, may be directed to

this organ to promote digestion. In the instance of

a fish which I had in my possession alive many day^,

and which was frequently excited to give shocks, di-

gestion appeared to have been completely arrested
;

when it died, a small fish was found in its stomach,

much in the same state as when it was swallowed—

•

no portion of it had been dissolved."
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Fig. 48.

The right eUctrical organ divided harixontally at the place where the nerne* enter, Ike "pper half
being turned outwards,

A A, The firet or anterior electrical nerve.
fi B, The second or middle nerve arising behind the gill.

C C, Tbe anterior branch of the third nerve arising behind the second gill.

D D, The posterior branch of the third nerve arising behind the third giU.

which, probably, serves as a medium of com-
munication between the electrical organs ; being,
apparently, a belter conductor of electricity

than either the naked skin or salt water.*

With regard to the development of the elec-

trical organs, it appears that, in the earliest

stages of foetal growth, they cannot be seen. In
a foetus of about seven-tenths of an inch in

length, Dr. Davy found neither electrical organs
nor fins. In another, more than one inch long,
the organs were beginning to appear, and the
roots of the electrical nerves were visible,

although the brain could not be seen. In this

stage, the external brancliial filaments were
about six-tentlis of an inch in length, and pre-

• Davy, Phil. Trans. 1832. Also Annales da
Mus. no. v., in which E. Geoffroy endeavoured to
show that the common mucous system of rays is

absent in the torpedo, and thai its place is su|>plied
by the columns of the electrical organs, which he
believed to be analogous to the mucous ducts.

sented a very remarkable appearance. In a
foetus of two inches and a half long, the electrical

organs were distinctly formed, and the branchial

filaments still long. These filaments Dr. Davy
supposes to be destined to absorb matter for the

formation of the electrical organs, and, perhaps,

the gills and adjoining mucous glands. They
are most numerous and of greatest length while

the electrical organs are forming, ap|)earing just

before these organs begin to be developed, and
being removed when they are tolerably com-
plete.—In no other allied fishes is there the

same " elaborate apparatus of filaments;"

where they do exist, they are less numerous and
very much shorter.

2. The electrical organs in the Gi/mrwtut.—
This fish has a general resemblance in form to

the common eel. Its electrical organs occupy
nearly one-third of its whole bulk. They are

formed by two series of tendinous membranes;
one of which consists of horizontal plates, run-
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ning from the abdominal carity towards the tail,

placed one above another with short distances

between them ; the other of perpendicular plates,

forming, along with the other series, small quad-

rangular cells, which are filled with a semi-gela-

tinous transparent substance. This structure is

divided longitudinally into two pairs of distinct

organs, one considerably laiger than the other.

The greater pair (/c k, fig. 49) lies above the

other, and immediately beneath the long mus-

cles of the tail. They are separated from one

another by part of these muscles, by the air-

bhidder, and by a central membranous partition.

Tliey occupy a large portion of tlie lower and

lateral parts of the body, and are covered exter-

nally only by the common integuments. The
smaller pair are covered also by the muscles of

the caudal fin. Uoth pairs of organs are some-

what angular in their transverse section, trun-

cated anteriorly, tapering towards the tail. In

theGyranotus dissected by'John Hunter,* which

was about two feet four inches long, the large

Fig. 49.

The surface of the electrical orgam if the Gt/mnotus, on the right side, after removai of the integumerits.

, the lower jaw. 6, the abdomen, c, anus, d, pectoral fin. e, dorital surface of fish, ff, anal

fin. gg, skin turned back. A /*, lateral muscles of the anal fin turned back with the skin, to expose

the small electrical organ, i, part of this muscle left in its place. A A, the large electrical organ. / /,

the small electrical or^an. m m, the substance which divides the large organ from the small, n, a

space from which the partition is removed.

organ of one side was about one inch

and one quarter in breadth at its

thickest part, and in this space there

were thirty-four longitudinal septa.

(In a specimen examined by Dr.
Knox, there were thirty-one of these

septa.f) The smaller organ in the

same fish was about half an inch in

breadth, and contained fourteen septa,

which were slightly waved. The per-

pendicular or transverse membranes
are placed much more closely toge-

ther than those of the other series.

John Hunter and Dr. Knox counted
two hundred and forty of them in

an inch. They are of a softer texture

than the longitudinal plates. It ap-

pears probable (as Hunter suggested)

that these sepia, longitudinal and
transverse, ansv\er the same purpose

as the columns in the torpedo. La-
cepide calculated that the discharg-

ing surface of these organs in a fish

four feet in length is, at least, one

hundred and twenty-three square feet

in extent; while in a torpedo of ordi-

nary size, the discharging surface is

only about fiily-eiglit feet square.

The nerves of the electrical organs

of thetiymnotus are derived from the

spinal marrow alone. They are very

large and numerous, and are divided

into very fine twigs on the cells of the

organs. Dr. Knox counted fifteen

nervous branches distributed to each

inch of the organ. He describes

them as being flattened like the ci-

liary nerves of Mammalia. Each

A transverse section of the Gymnotus.

n, the surface of the side of the fish. 6, the anal fin, c c,

cut ends of tlic dorsal muscles, d, cavity of the air-bladder.

e, body of the spine, f, spinal marrow, g, aona and vena
cava, h A, cut ends of the two large electrical organs, i i,

cut ends of the two small organs. A, partition between the
two organs.

• Phil. Trans. Ixv. 177.5.

t Edin. Journ, of Science, i. 96. 1824,
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nerve is, for the most part, divi'lcd into five

distinct brandies belore entering the electrical

organs; and these are again subdivided into,

at least, as many branches as there are longi-

tudinal septa. Uudolphi describes a nerve

formed from brunches of the fifth pair and
sympathetic, winch runs beneath the lateral

line, over the surface of the electrical orj^ans,

but does not enter them. This has, by some,

been supposed to b& an electrical nerve, but

without sufficient reason.*

3. T/ie fkclriml organs in the SUuru$.—
The only ortfan that can be regarded as con-

nected with die electrical function in this fish

is a thick layer of dense cellular tissue, which

completely surrounds the lx)dy immediately

beneath tlie integuments. So compact is it

that, at first sight, it might be mistaken for a

deposit of fatty matter. Uut, under the mi-

croscope, it appears to be composed of ten-

dinous fibres, closely interwoven, the meshes

of which are filled with a gelatinous substance.

Tliis organ is divide<l by a strong aponeurotic

membrane into two circular layers, one outer,

lying immediately beneath the corion, the other

internal, placed above the muscles. Both or-

g-ans are isolated from the surrounding parts

by a dense fascia, excepting where the nerves

and bloodvessels enter. The cells or meshes
in the outer organ, formed by its reticulated

fibres, are rhombic in shape, and very minute,

so as to require a lens to see them well. The
component tissue of the inner organ is some-

what Haky, and also cellular.

The nerves of the outer organ are branches

of the fifth pair, which runs beneath the lateral

line and above the aponeurotic covering of the

organ. This aponeurosis is pierced by many
holes for the transmission of the nerves, which

are lost wiUiin the cellular tissue of die oi'gan.

The intercostals supply the inner organ : their

electrical branches are numerous and remarka-

bly fine.f

Tlie organs of the other known electrical

fishes have not yet come under the notice of

any anatomist.

In taking a general view of these interesting

organs, we are stnick with the existence of a

certain degree of analogy amongst Uiem, and

yet we fail to discover such resemblances as

might be expected, and such as exist between

the structures of other organs performing the

same functions in diflferent animals. Here we
have tendinous membranes variously arranged,

yet all so as to form a series of sejiarate cells

filled with a gelatinous matter. But how great

is the difference between the large columnar
cell in the torpedo full of delicate partitions,

and the minute rhombic cells of the Silurus !

All, however, are equally supplied with nerves

of very great size, larger dian any others in the

same animals; and, indeed, we may venture

to say, larger than any nerve in any oUier ani-

mal of like bulk.

The orgiins vary in different fishes
; firtt, in

situation relatively to other organs. They
bound the sides of the head in the torpe<lo

;

run along the tail of the {lymnotus, and .sur-

round the body of the Silurus ; fecondly, in

having diHTerent sources of nervous energy
;

and, tliirdlj/, in the form of the cells. No
other fishes have aponeuroses so extensive, or

such an accumulation of gelatine and albumen
in any cellular organ. Hroussonet remarked

that " all the electrical fishes at present known
to us, although all belonging to different clas.ses,

have yet certain characters m common. All,

for instance, have die skin smooth, witliout

scales, thick, and pierced with small holes,

most numerous about the head, and which
pour out a peculiar fluid. Their fins arc

formed of sofl and flexible rays, united by

means of dense membranes. Neither the

Gymnotus nor torpedo has any dorsal fin

;

the Silurus has only a small one, without ravs,

situated near the tail. All have small eyes.' •

X. Analogies of animal etectriciti/.—Setting

aside the vague hypotheses of the older philo-

sophers, (some of whom attributed the phe-

nomena produced by the peculiar power of

electrical fishes entirely to the mechanical effect

of certain rapid motions of their surfiice, and

odiers to the influence of currents of minute

corpuscules flowing from the body of the fish

in the act of discharging,) we can have no dif-

ficulty in referring this very remarkable series

of phenomena to the agency of some power
very analogous to common or voltaic elec-

tricity, which seems to stand in the same rela-

tion to diese as they do to electricity derived

from other sources.f

It was by Muschenbroek that the effects

of die torpedo's discharge were first referred

to electricity. He was led to imagine that

the agent producing the shock was truly

electrical from the similarity of its effects

to those of the discharge of the Leydenjar.

Succeeding observations, however, as we
have seen, have shewn that certain differences

exist between the phenomena produced by
Animal Electricity and those observed in con-

nexion widi the dischai-ge of the Leyden jar

:

the chief of these are— its pass;ige Uirough air

only to a very small distance; its producing

only very slight igniting effects even when con-

siderably accumulated; and its manifesting

but feebly the phenomena of attraction and

repulsion. Further, it affects the multiplier

more strongly than common electricity does

under ordinary circumstances, and its chemical

effects are more distinct. From voltaic elec-

tricity it is distinguished by the comparative

feebleness of its power of decomposing water;

by the greater sharpness of the shock caused

by the discharge, and by the weakness of its

magnetizing jxiwer.

Only four of the eight experimental effects

enumerated by Dr. Faradayj as characteristic

• AbhaniU. dcr Acad. v. Berlin, 1820-21. 229,

and Blaiiiviltt', i*rinc. d'Anat. Coinp. i. 232.

t Rudolphi, ( Abhaudl. dcr Acad. v. Berlin.

1824.) 140.

• Mim. de TAcad. dc Paris, 1782. 693.
'

f ft is interesting to know that the Arabic name
of the torpedo (Rausch) means also Ughlnmg.

J Philo». Trans. 1833.
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of common and voltaic electricity are pro-

duceil by animal electricity; which appears

to be sntticieiit to prove that the latter is as

much a peculiar power distinct from these as

are the agents called tiuignetti-clcctricUi/ and

thermo-cteclrkity. Perhaps, however, what

we at present regard as so many powers dif-

fering from one another in their natures, may
be merely modifications of the same power,

varied in its sensible properties by changes in

the circumstances under which they are mani-

fested. This latter view is that taken by Dr.

Wilson Philip, who holds that Animal Elec-

tricity is just common electricity modified in

its properties by those of life, under the in-

fluence of which it operates in the living

animal.

Sir Humphry Davy thought he saw a

stronger analogy between common and animal

electricity, than between voltaic and animal

electricity, but concluded that the latter would
be found by more extended researches than

he was able to make to be " of a distinctive

and peculiar kind."* Cavendish, on the other

hand, believed that there is a complete identity

between common electricity and that of fishes.

And this he laboured to prove by imitating

several of the peculiarities of the discharge of

tlie torpedo by a particular arrangement of

small Leyden jars, forming a battery, from
which the electricity was discharged in large

quantity but of low intensity .f Others, again,

have attempted to trace a certain resemblance

between the structure of the electrical organs

of the torpedo and the formation of the voltaic

pile, " inasmuch as they are formed of alter-

nate layers of moistened conductors of dif-

ferent natures, to wit, of membranous parti-

tions, and of gelatinous and albuminous fluid.''

(Tiedemann.) They suppose that the nerves,

being spread over one side of the transverse

partitions of the cells, produce opposite states

of electrical tension on the two sides of the

partition. In the present imperfect state of
electrical science, all such hypotheses are un-
satisfactory.

The only conclusions which, in our opinion,
can be legitimately drawn from the accumu-
lated facts on the subject are—that the shock
given by electrical fishes is caused by an agent
closely allied in its nature to common elec-

tricity and other like powers ;J and that the

devclopement and discharge of this agent are
strictly dependent on the integrity of the ner-
vous communication between certain peculiar
organs and the great nervous centres.

It is evident that the nervous system plays
a vei-y important part in the electrical function.

But whether its influence merely stimulates

tlie electrical organs to do what their organic

• Philos. Trans. 1829. 16.

t Philos. Trans. 1776. 196.

{ The latest experiments on the subject, with
which we are acquainted, arc those of Messrs.
Bccquerel and Breschet, reported to the Academy
of Sciences in October, 1835, (Ann. des Sciences
Nat. n. s. iv. 253,) which seem to have been per-
formed with great care. The experimenters com-
pletely satisfied themselves that the shock of the
torpedo is the result of an electrical discharge.

structure renders them capable of doing, or

really supplies them with a stream of the im-

ponderable agent which they accumulate, and

then, under voluntary impulses, discharge, is

still a point for further investigation. In the

structure of the electrical organs, we do not

see any arrangement such as researches in elec-

tricity artificially developed lead us to believe

fitted either to produce or to accumulate elec-

tricity. But this is in -itself no reason why
we should conclude that the organs have not

such powers. It seems more in accordance

with what we know of the actions of other

parts of the animal frame, to believe that they

do possess such powers. But—if the elec-

trical organs, by their organic structure, be

fitted to develope and to discharge electricity

under the nervous influence, just as a gland

secretes its peculiar fluid and its ducts eject it,

why (it may be asked) are the nerves going to

these organs of so very great a size compared
with the same parts in other organs of similar

bulk and very energetic action ? Is their sub-

jection to the will of the animal sufficient to

account for the difference ? or does it indicate,

as some physiologists maintain, that the ner-

vous influence does more in tliis case than

merely supply the vital stimulus such as is

received by all other organs in common ? In

other words—is the agent discharged by the

fish as electricity first developed in the ner-

vous centres, and only accumulated in the

electrical organs ; and is this agent identical

with common nervism ? To these questions

we cannot yet give a satisfactory reply. Tliey

point the way to some very interesting and im-

portant fields of investigation, and cheer us

with the hope of considerably extending our

acquaintance with the physiology of the nerves,

on the supposition that the phenomena of ani-

mal electricity shall one day be proved to be

owing to an accumulation and discharge of the

very same agent that causes contraction of

muscles, &c. Such a view appears to have

been fciken of this subject by Sir II. Davy
when he remarked,* " there seems a gleam of

light worth pursuing in the peculiarities of

animal electricity,—its connexion with so large

a nervous system,—its dependence on the will

of the animal,—and the instantaneous nature

of its transfer, which may lead, when pursued by

adequate inquirers, to results very important for

physiology." Treviranus, in 1818, suggested the

likelihood of the power concerned in the ma-
nifestation of electrical phenomena by animals,

being one of those on which continuance of

life in general depends. " Perhaps," said he,t
" it is the same power which enables the tor-

pedo to give electric shocks that is the imme-
diate cause of the contraction of muscular

fibres." The same hypothesis is thus ex-

pressed by Carus.l " Numerous nerves are

distributed upon the cells of the electrical

organs, and as it is through the agency of

• Philos. Trans. 1828.

t Bioloeie, v. 141.

X Traitc element, d'anat. romp. 2d edit. i. 392.

(French translation by Jourdan.)
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thejie nerves that llic orijans atl, it is not im-

possible ihal the nervous influence itself is

accumulated in these cells as in condensers,

and that it is discharged at will, Just as this

influence is accumulated in the muscular tissue

to produce contraction of its fibres." It was
reflection on the phenomena of animal elec-

tricity that led Dr. VVollaston to form the hy-

pothesis, which he supported with so much
abdity, of secretion in general being depen-
dant on electricity, conveyed by the nerves,

and acting on the secerning organs.* Dr.
Wdson I'hilip, also, thinks that the circum-

stances under which electrical action is mani-
fested by fishes go to the support of his theory

of the nervous influence being identical with

common and voltaic electricity. Dr. Faraday
says that, from the time that it was shewn that

electricity could perform the functions of the

nervous influence, he has had no doubt of their

very close relation, and probably as effects of
one common cause. To the numerous list of

learned observera who have speculated on this

interesting subject, we have to add the re-

spected name of Sir John Ilerschel, who
imagines that the present state of electrical

science warrants the conjecture, that the brain

and spinal marrow form an electric organ,

which is spontaneously discharged along the
nerves, at orief intervals, " when the tension

of the electricity reaches a certain point."f

Meissner, again, supposes that the blood be-
comes charged with electricity in the lungs,

during the chemical process of respiration

;

that the electricity immediately traverses the

nerves of the lungs, and then the other parts

of the ganglionic system ; that hence the cen-
tral organs of the nervous system become
charged ; and that the brain, on and through
wliich the will acts, being charged, excites the

several organs to activity through the medium
of their respective nerves, along which electric

currents are passed.J The facts, (in addition

to those which have chiefly engaged our atten-

tion in this article,) upon which such theories

are built are,— (1) that the muscles of an
animal recently dead contract when common
electricity passes through them, just as they do
when they are subject to the animal's will

;

(2) that voltaic electricity acts upon secreting

organs, so as to enable them in some degree to

carry on their functions after their proper nerves
have been cut; and (3) that the same agent
appears to influence powerfully the capillary

circulation. But, although these facts, Uiken
along with what we know of the phenomena
of the electricity of fishes, certainly do appear
to favour the views to which we have just

• Phil. Mag. xxxiii. 488.

t Discourse on the Study of Nat. Phil. 343.

} Syst. der Hcilkundc. Wicn. 1832. If hypo-
theses such as these should hereafter be proved to
express the true state of the case, the electrical
fishes will become objects of great interest to the
physiologist, as presenting him with opportunities,
such as no other animals afiord, of studying in

aecttmuUititm the properties of that wonderful agent,
which is the mot'ing pinver of the animal organiza-
tion, and a very important hiik in the chain of
causes and effects by which life is manifested.

alluded, t'lere are yet otlter facts which are so
liostde to theiu as to make it probable that

they do not express the truth. For inst^tnce,

the most carefully conducted exiieriineiiLs have
failed to demonstrate tlie existence of electnc
currents through muscles during their contrac-

tion; which, from all that is known of the

phenomena exhibited by electricity in other

circumstances, it may be presumed would not
have been the case had it been the immediate
stimulant of muscular contraction. M. Per-
son has applied the poles of a galvanometer to

the spinal marrow without obtaining any indi-

cations of the existence of electrical currents

through its substance. The subjects of Per-

son's experiments were cats, dogs, rabbits,

t^ls, and frogs. The spinal canal having been
opened, the piles of the galvanometer were
placed in communication with the anterior and
posterior columns of the cord. This was done
at different parts, after the roots of the nerves

had been cut. Small plates of platina, with
which tlie wires of tlie instrument were armed,
were thrust into the cerebellum and into several

of the largest nerves. These experiments were
repeated after the animals had been placed

under the influence of strychnia. 13ut there

was no certain indication of electricity ob-
tained, although the most delicate instruments

were used.* Person's experiments have been
rejieated by Miiller with the same results.

Messrs. Prevost and Dumas, however, slate

that, having armed the branches of their gal-

vanometer with two wires of platina, exactly

alike, and having plunged one of them into

the muscles of a frog's leg, while, witli tlie

other, heated to redness, they touched it^

nen-es, they saw considerable deviations of tlie

needle of the instrument follow the contrac-

tions of the muscles.f But seeing that tlie

electricity made manifest in this exfieriment

may have been developed rather by the con-
tact of the hot wire anti the nerves than by the
nervous actions, we cannot admit tliat it is

sufficient to prove the existence of electrical

curi'ents in muscles during their contraction.

Dr. Faraday, also, has lately experimented on
living muscles with the very delicate galvano-

meter invented by himself, but has entirely

failed to obtain indications of moving electn-

city. Negative results such as the.se, obtained
by so many practised observers, are sufficient

to induce us to withhold our assent from those

theories which make nervism identical with
electricity, until the whole subject shall have
been more fully investigated.

As in some degree illustrative of the pheno-
mena of animal electricity, properly so called,

we must here take notice of the munif'cstation

oJcoiiDiion electricity in animal substance* and
in living animals.

The mere contact of heterogeneous bodies is

* Journal de Physiol, x. 217. Some yean ago
M. Pouillet announced that he had witnessed
electrical phenomena during the operation of the
acapuncturc of muscles ; but he nai since con-
fessed that he was deceived.

T Kdwards, De I'intluence des agena physiques
surlaVie, in .Vppendix.
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sufficient for the development of electricity ; and
animal tissues of dissimilar natures, both living

and dead, obey the same law as other sub-

stances in tliis respect. For instance, a kind of

voltaic pile has been formed by building up layers

of muscle and nerve placed one above the other

alternately ;
(Bunlzeii :) also by placing one upon

another alternate layere of muscular fibre and

brain, separated by a porous substance, soaked

in salt-water. (Lagrave.) Another such has

been made wiUi plates of one kind of metal,

fresh muscle, and salt-water, or blood, which

acted on the gsUvanomcter. When the con-

ductors of a galvanometer (Schweigger's) are

armed wiUi plates of platina, on one of

which a piece of muscle of a few ounces in

weight is placed, and the conductors are then

plunged in blood or in a weak solution of salt,

a deviation of the magnetic needle of the in-

strument is perceptible. (Prevost and Dumas.)

The same hap[)ens when to one conductor is

applied a plate of platina moistened with mu-
riate of antimony or nitric acid, to the other a

piece of nerve, muscle, or brain, and both are

brought into contact. (Majendie.) Dry piles

of considerable electrical power may be formed

oforganic materials alone, without the interven-

tion of metals. If concentrated extracts of

organic bodies (animal or vegetable) be spread

upon thin paper, and piles be built up of discs

cut from this paper, so that two dissimilar layers

be separated by two thicknesses of the paper,

so much electrioity is developed that the elec-

trometer is affected. (Koemtz.) When two
persons, both insulated, join hands, electricity

is developed sufficiently to affect Coulomb's
electroscope. And, if the contraction of mus-
cles, the nervous connexion of which with the

living body has been destroyed, be considered

as a proof that thpy are subject to the influence

of electricity, there are numerous experiments

on record tending to prove that electricity is

evolved by the mere contact of two dissimilar

animal substances. Galvani, Volta, Humboldt,
Aldini, Kellie, and Midler, have all found that

when the muscles and the great nerves of a
frog's limb are touched synchronously with a
piece of the muscle of a warm-blooded animal,
weak contractions of the frog's muscles ensue

;

and that, when the crural muscles are cut and
folded back so as to touch the lumbar nerves,

muscular contractions are perceived in the lower
part of tlie limb. Aldini excited most powerful
contractions by bringing the nerves of a warm-
blooded animal into contact with the muscles
of a cold-blooded animal, and vice versa. And
Miiller has further found that contractions are
excited by touching the moistened skin of the

leg with the nerves of the thigh dissected out
and turned down upon them ; the nerves being
held by means of an insulating rod.*

Tiedemann thus states the general results of
experiments such iis these. "1. The nerves
of the muscles in which it is proposed to excite

convulsions must make part of the chain.

2. The neiTC or portion of nerve which is to

make part of the chain must be isolated as

completely as may be, and no other conductor

must produce derivation in this portion of the

chain, so as to oblige the electric current, when
developed in the chain, to take a course through

the nerves. 3. Cffi^cWs/w/iYiKs, the convulsions

are so much stronger, and are manifested over a
greater extent, as the nervous portion, acting as

a conductor, enters into the chain. 4. The
convulsions are so much more powerful, and
last the longer, as the chain is quickly formed,

and the surface with which the parts consti-

tuting it are in contact is extensive."* And
lastly, we now know that even the evaporation

of fluids, and changes in the molecular consti-

tution of both solids and fluids are always
accom])anied by electrical excitation.

Applying these facts to our knowledge of
the various processes of the animal oeconomy,
we cannot but conclude that, in the course of

the many interchanges that are constantly taking

place amongst the component particles of all

living organs, electricity (perhaps modified by
the organic forces) must be developed alto-

gether independently of nervous influence. It

is certain, however, that electricity flowing from
this source is very feebly manifested ; at least it

affects our best electrometers in a very incon-

siderable degree. Saussure frequently ex-

amined the electricity of his own body by
means of Volta's electrometer, used along with

a condenser, but always failed to perceive any
indications of free electricity while he was
entirely naked. It was also imperceptible

while he perspired freely, and when his clothing

was cold. Under other circumstances, he found
the electricity of his body sometimes positive,

and at other times negative ; but he could not

determine the causes of these variations. Simi-
lar observations were made by Hemmer of

Mannheim in 1786, both on the electricity of

his own body, and on that of many other indi-

viduals placed in various circumstances. lie

obtained the following results. 1 . Electricity

is developed in all men, but varies in intensity

and in nature in different individuals. 2. The
character and intensity of the electricity fre-

quently varies in the same person. In 2422
experiments, it was 1252 times positive, 771
negative, and 399 times imperceptible. 3. When
the body is at rest and warm, its electricity is

always positive. 4. When the surface is much
cooled, the electricity becomes negative. 5. It

is also negative when the muscular vigour is

diminished. More recently this subject has

been investigated by Messrs. Pfatf and Ahrens.f
They used a gold-leaf electrometer; and the

subjects of their observations were insulated.

The collecting plate screwed on the electrometer

was touched by the person experimented upon.

The upper plate of the same was placed in

communication with the ground by means of

conductors. The results which they thus pro-

cured were as follows:—1. The electricity of

healthy men is generally positive. 2. Irritable

men of sanguine temperament have more free

* llandbuch dcr I'liysiol. ilcs Menschcn. Berlin,
1833.

* I'liysiol. transl. by Dis. Gully anil Lane, 27().

t Muckcls Arcliiv. iii. l(jl.
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electricity tlian those of a plilcRmatic tempera-

nit'Dt. ;i. All increawil accumulation of elec-

tricity takes )>hice in tlic evening. !. Spirituous

drinks annment its intensity. 5. The elec-

tricity of women is more frefiuently nesative

than that of men. 6. In winter, while tlie body
is very cold, no electricity is manifested, but it

gnulually reapjiears as the body is warmed.
7. The whole botly naked, as well as every part

of it, shews the same phenomena. 8. During
the existence of rlieumatism, the electricity is

(greatly diminished in intensity, but as the dis-

ease declines it again increases. Gardini found
that the electricity of women during menstrua-
tion and pregnancy is negative.

Some individuals exhibit electrical pheno-
mena much more readily than others. Some
jwrsons, for instance, hardly ever pull off articles

of dress worn next the skin without sparks and
a crackling noise being produced. It is related

of a cert;iin monk that sparks were always
emitted from his hair when it was stroked back-
wards; and of an Italian lady tliat her skin,

when rubbed witli a linen clotli, gave out sparks,

attended with a crackling noise. Tlie same
phenomenon, as exhibited by the cat, and by
other animals covered with a soft fur, is daily

observed. But it has been stated tliat the cat's

electricity may be accumulated in its own body
and given off suddenly, so as to produce a
shock. Romer says,* " If one take a cat in his

lap, in dry weather, and apply the left hand
to its breast, while with the right he strokes

its back, at first he obtains only a few sparks
from the hair; but, after continuing to stroke

for some time, he receives a sharp shock, which
is often felt above the wrists of both arms. At
the s;ime moment, the animal runs off with
expressions of terror, and will seldom submit
itself to a second experiment." In repeating
this experiment, we have obtained the like

result.

We are not aware ofany other observer having
met with any thing resembling an accumulation
of electricity in quadrupeds, excepting Cotugno,
who asserted that, in dissecting a living mouse,
he felt an electric shock when its tail touched
his finger.f

XI. Uses of animal electricity.—^The pur-
pose which the electrical ftmction is fitted

to serve in the animal economy is proba-
bly not single. It is very evident that the
discharge from the organs frequently strikes

terror into the enemies of their jwssessors, and
thus it may be regarded as a means of defence

;

while, in certain circumstances, it may be useful
in enabling the fish more eiisily to secure its

prey. Cut this, probably, is not all. It is

very likely, as Dr. Roget has suggested,! itiat

the electrical organs communicate to the fish

perceptions of electrical states and changes in

surrounding bodies, (very different from any
that we can feel,) in the same way as other
organs of sense convey ])erceptions with regard

• Gilbert's Ann. der Phys. B. xvii.

t HiimboMt. Ucbcr die gcrcizte Muskcl-und-
Ncrvenfaser. Berlin, 1793. i. .30.

} Uridgewater Treatise, i, 31.

VOL. n.

to light and sound. Such perceptions we can
conceive to be very us»'ful and ple:Lsur.d)le to

animals living in the dark abysses of the w-.iters.

Some of Dr. John Davy's observations make
it very doubtful whether the electrical function

is ever subservient to that of prehension of food.

He kept young torpedos for a period of five

montlis or more, in large jars of salt water,

during which time theii ate nothing, although

very small fishes, both dead and alive, were put
into the water. Yet they grew, and their elec-

trical energies and general activity increased.*

Tlie small fishes seeme<l to have no drrad of the

torpedos. On one occasion, however, when a
lively torpedo was placed in a small vessel

along with a smell, and excited to discharge,

the smelt was evidently alarmed, and once or

twice, when exposed to the shock, leaped nearly

out of the vessel, but it was not injured by tlie

electricity. It has also been frequently ob-
served of the gymnotus that it eats very few of
the fishes that it kills by its discliarge.

The electrical power of the young fish is

proportionally very much greater than that of
the old, and can be exerted witliout exhaus-
tion and loss of life much more frequently.

After a few shocks, most of the old fish which
Dr. Davy has endeavoured to keep alive have
become languid, and died in a few hours,

whilst young ones, from three to six inches

long, remained active during ten or fifteen days,
and sometimes lived as many weeks. Hence
Dr. Davy concludes that the chief use of the
electrical function is to guard the fish from its

enemies, rather than to enable it to destroy its

prey, and so provide itself with food. He fur-

ther conjectures that, liesides its defensive use,

the electrical function may serve also to assist

in respiration by effecting the decomposition of

the surrounding water, and so supplying the

gills with air when the fish is lying covered
with mud or sand, in which it is easy to con-
ceive that pure air may be deficient. And Dr.
Davy has often imagined that he saw something
of this kind going on. After repeated dis-

charges, he has observed, all around the margin
of the pectoral fins, an apjiearaiice as if very

minute bubbles of air were generated in it and
confined. Tliat this may be one purpose
which the electrical function is dcsignea to

sei-ve, is rendered still more probable by the

circumstance, that the gills (in the torpedo at

least) are largely supplied with twigs of the

electrical nerves. In fishes in which he had
cut the electrical nerves. Dr. Davy found the

secretion of the cutaneous mucus considerably

diminished or altogether arrested ; and hence
he supposes that the electricity assists in the

production of this fluid.

Lastly, it has been conjectured that the elec-

trical function is subservient to that of digestion.

This idea was started by Mr. J. Couch some
years ago.f He says, " Without denying that

the torpedo may devour that which it disables

by the shock, I conceive that the principal use

of tliis power has a reference to the functions of

• Phil. Trans. 1835.

t Linn. Trans, xir. 89.
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<ligestion. It is well known that an effect of

ligliliiing or the electric shock is to deprive

animated bodies very suddenly of their irrita-

bility; and that llierehy they are rendered more
leadily disposed to pass into a stale of disso-

lution than they would otherwise be ; in which

condition the <ligestive powers of the stomach
can be much more speedily and effectually

exerted on them. If any creature may seem
to require such a preparation of the food more
than another, it is the torpedo, the whole intes-

tinal canal of which is not more than half as

long as the stomach."

These views receive some support from the

feet that the nen-es of the stomach are derived

from those supplying the electrical organs ; and

perhaps also from the fact, reported by Dr.

Davy regarding a torpedo, in which, after it had

been frequently excited to give shocks, diges-

tion seemed to be completely arrested.

The only conclusion to which, in tlie present

state of our knowledge, we can come on this

]X)int is, that although the electrical organs form

a very efficient means of defence from their

enemies for the fishes which possess them, this

is not the only purpose they are intended to

sene ; what, however, their other uses are is at

pi-esent only matter of conjecture.

There remains yet unentered upon a large

field of enquiry connected with the physiology

of those wonderful organs, which, we doubt
not, will yield to future ages very striking

examples of that nice and close adaptation of

means to ends which so clearly proves to us the

existence and continued exercise of Wisdom
Supreme, " upholding all things by the word of

his power," making the smallest of his works
" very good," and " to be thought upon."
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(John Coldstream.)

ENCEPHALON. In order to lay before

the reader a connected view of the Anatomy of
the Encephalon in conjunction with that of the
Medulla Spinalis, the Anatomy of both these

organs will be given under the article " Ner-
vous Centres."

ENDOSMOSIS, {t,h>, intus, trtrftoj, im-

pulsus).—Accident hating made me acquainted

with the fact that a small animal bladder, con-

taining an organic fluid, became considerably

distended by remaining for some time plunged

in water, and that the water even expelled the

thicker fluid contained within the bladder, when
there was a hole by which it could escape, I be-

thought me of the probable cause of this pheno-

menon, and soon came to the conclusion that it

dejiended on the difference of density between

the included or interior fluid, and the water or

exterior fluid. I found that the eaca of fowls

filled with milk, thin syrup, &c. and secured witli

a ligature, became turgid and even excessively

distended when treated in the same way. I now
discovered that the fluids contained in the ca'ca

permeated their coals, and were diffused in the

surrounding water. I saw, further, that two

opposite currents were established through the

parietes of the cceca; the first and stronger

formed by the exterior water flowing towards

the fluid contained in the eoica; the second

and weaker, by the thick included fluid flow-

ing towards the water. To the first of these

currents I gave the name of Endosjiiosis, and to

the second that of Exosmusis. Tliese titles, I

must allow, are objectionable, and perhaps

badly chosen. The first conveys the idea of an
entrance and the second of an exit. Now, the

phenomenon, regarded in its proper point of

view, consists in a double permeation of fluids,

abstracted from any idea of entrance or exit.

Besides, the current of endosmosis, which,

etymologically speaking, expresses an in-going

current, may nevertheless be, experimentiiUy

speaking, an out-going current ; this, for exam-
ple, happens when a hollow membranous organ,

containing water, comes to be placed in contact

exteriorly with a fluid more dense than water.

There is then a current of endosmosis which
goes out of the bladder, and a current of e.ros-

mosis which enters it. Thus facts are found in

contradiction to the terms, and tliese I should

not have hesitated to change, if their general

adoption did not render this change very diffi-

cult, and subject to great inconvenience. I have,

therefore, resolved to retain them, wishing it to

be understood by naturalists that no attention

is here paid to their etymological signification.

To estimate the amount of endosmosis I

contrived an apparatus to which I gave the

name of endosnwmeter ; it consists of a small

bottle, the bottom of which is taken out, and
replaced by a piece of bladder. Into this bottle

I poursome dense fluid, and close the neck with

a cork, through which a glass tube, fixed upon
a graduated scale, is passed. I then plunge

tlie bottle, which I entitle the reservoir w/' the

endosmomcter, into pure water, which, by en-

dosmosis, penetrates the bottle in various quan-

tities through the membrane closing its bottom.

The dense fluid in the bottle, increased in quan-

tity by this addition, rises in the tube fitted to

its neck, and the velocity of its ascent becomes
the measure of the velocity of the endosmosis.

To measure the strength of endosmosis, I

have made use of an endosmometer in which

the tube was twice bent upon itself, the as-
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cending branch containing a column of mer-
cury, wliicli was raisiHl by the interior fluid

of the endosmometer in proportion as tlie en-
dosmosis increased the volume of this fluid.*

By means of these two instrtnnents I have
found that the velocity and strength of endos-
mosis follow exactly the same law. Uolh are

in relation to the quantities which express, in

two comjjarative exjieriments, the excess of
density of two dense fluids contained in the

endosmometer, above the density of water,

wliich in these two experiments is exterior to

the instrument. Thus, for example, in putting

successively into the same endosmometer, syrup
of which the density is 1.1, and syrup of which
the density is 1.2, and in plunging in both
cases the reservoir of the endosmometer into

pure water, vou obtain in the first case an en-
dosmosis, o( wliicli the strength and velocity

are rei)resentcd l)y 1 , and in the second case an
endosmosis, of which the strength and velocity

are represented by 2 ; that is to say, by the

numbers relative to the fractionals 0.1 and 0.2,
which e.<press the eiwesses of density of the
two solutions of sugar above the density of
water, which is t. 1 have ascertained by ex-
periment that the strength of endosmosis is

such that, with syrup of which the density is

1.11, and an endosmometer, the opening of
which is closed by three pieces of bladder, one
over the other, you obUiin an endosmosis which
raises the mercury to 1 metre 238 millimetres,

or 4.) inch(^s 9 lines, which is equivalent to an
elevation of water of IC metres 77 centimetres,

or 51 feet 8 inches. It follows from this, that
in employing syrup, of which the density was
1.33, (its ordinary density,) you would obtain
an endosmosis, the strength of which would be
ca|)able of raising water more than 150 feet.

Fluids of a diflerent nature have, with refer-

ence to endosmosis, pro|5erties which are in no
way in proportion to their respective densities.

Thus sugar-water and gum-water of the same
density, benig put successively into the same
endosmometer, which is plvmged into pure
water, the former produces the endosmosis
with a velocity as 17, and the latter with a
velocity as 8 only. I have seen, in the same
manner, a solution of hydrochlorate of soda
and a solution of sulphate of soda of the same
density, put successively in the same endosmo-
meter surrounded with pure water; the velo-

city of the endosmosis produced by the solu-

tion of sulphate of soda is exactly double that

of the endosmosis produced by the solution of
hydriKhlorate of soda. These results are inva-

riable, and I am persuaded that if 1 have ever
obtained a diflerent result, the experiment has
been defective.

1 have made several experiments since with
gelatinous and albuminous waters placed suc-
cessively in the same endosmometer, surround-
ed with pure water, which jiroduced endos-
mosis severally in the projioriion of 1 to 4

;

»o that the albumen hail four times more power
of endosmosis than the gelatine. I have seen

• Sec my work entitled, Nouvelle* Recherches siir

I'endosiuoiM: et Texosmass, See. 8vo. Paris, 182U,

by another exjioriment that the power of en-
dosmosis of syni]) is to ihe jx)wtr of endos-
mosis of albuminous water of the same den-
sity, as 1 1 is to 12.

All alkalies and soluble salts produce en-

dosmosis ; so do all acids, but each with spe-

cial phenomena, which will be noticed by and
by. These chemical agents in general occasion

an endosmosis of short duration only, when the

endosmometer is closed with a |>ortion of an
animal membrane. Organic fluids alone, which
are not very scn.sibly either acid or alkaline, or

salt, protluce lasting endosmosis, which, in-

deed, does not stop until the fluids are alteretl

by putrefaction, when they become charged

with sulphuretted hydrogen. I have shown that

when an endosmometer is closed with a thin

Elate of baked clay instead of the animal raem-
rane, the endosmosis which a saline solution

produces, and which would have stopped in a
few hours with the animal membrane, continues

to go on indefinitely with the baked clay.

The property of destroying endosmosis may
be considered as belonging to all chemical re-

agents, but merely on account of their sus-

ceptibility to enter into combination with the

permeable partition of the endosmometer. Thus
all acids, alkalies, soluble salts, alcohol, &c.
being disposed to combine with the elements of

organic membranes, destroy endosmosis, al-

though they had induced it before tlieir complete
combination with the elements of the membrane
had taken place ; and it is not until this combi-
nation is complete that endosmosis ceases. Or-
ganic fluids, which have no chemical action upon
the elements of the membrane of the endosmo-
meter, ought not, consequently, to tend to the

destruction of endosmosis, unless some change
should take place which should give them a
chemical action, such as they usually acquire

by decomposition, when they usually become
charged with sulphuretted hydrogen.

My earlier experiments tended to show that

carbonate of lime (chau.r curbonatee) reduced

to thin laminic, and employed to close an en-

dosmometer, is totally without the power of
producing endosmosis ; my latter ex|>eriments

have somewhat modified this conclusion. After

having vainly employee! lamina; of carbonate

of lime of greater or less thickness, I finished

by making use of one of white marble, two
millimetres in thickness, but with no l>eller

success. Without carrying my experiments

further, I concluded that porous carbonate of

lime was totally unapt to excite endosmosis.

This conclusion having, notwithstanding, left

some doubts in my mind, I ag;iin took the same
plate of marble with the intention of measuring

its permeiibility to water, comixired with the

various degrees of thickness which I could give

it, and of renewing, at the same time, my at-

tempts to make it produce endosmosis. Having

closed an endosmometer with this plate of mar-

ble, I filled the reservoir and the tulje of the

instrument with pure water, and sus|)ended it

over a vessel filled with water, in which the plale

of marble only was immerse<l. If the marble

had liecn permeable to water, the fluid con-

tained in the endosmoraeier would have flowed

II 2
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througli llie capillary conduits of tlie plate, and

this flow would have become jierccplible by

the sinking of the water iit the tube, the inte-

rior of which was only two millimeters in dia-

meter.

The result of this experiment vfas that the

plate of marble, which was four centimeters in

diameter, did not lose by filtration, in one

day, more than the small quantity of water

capable, by its suUractiou, of lowering its

level one millimeter and a half in the tube.

I next tried syrup in this endosmometer, the

reservoir being plunged into pure water ; but

no endosmosis was induced. I now reduced

the thickness of the plate of marble to one

millimeter and a half; in this state it lost by

filtration, in the course of a day, eleven mil-

limeters of water measured by the tube. The
,penneability of this plate was, as may be per-

ceived, very sensibly increased : still the en-

dosmometer which it closed when filled with

syrup showed no indications of endosmosis.

1 reduced the thickness of the plate of marble

to one millimeter. In this slate it lost by fil-

tration, in the space of a day, twenty-one milli-

meters of water measured in the tube. I put

into the endosmometer, which this plate of

marble closed, the s;ime syrup which had been

used in the preceding experiments, and the

density of which was 1.12, and I now ob-

tained an endosmosis which manifested itself

by an ascension of seven millimeters in four-

and-twenty hours. This last experiment proved

to me that carbonate of lime was not, as I had
hitherto found it, totally without the power to

produce ei«iosmosis. I wished to compare
this plate of marble with a piece of bladder of

the same surface under the double point of

view, of tbeir permeability, and their respec-

tive properties ofproducingendosmosis. Having
therefore taken off the plate of marble which
closed die endosmometer, I replaced it by a
piece of bladder whose permeability to water I

measured in the same manner as above. I ibund
this permeability very nearly equal to that of

the plate of marble of one millimeter in thick-

ness. I then put into this endosmometer
some syrup similar in density to that which I

had used in the same endosmometer closed

with the plate of marble. The endosmosis
which I obtained raised tlie syrup seventy-three

millimeters in three hours. Thus the permea-
bility to water being equal in the bladder and
in the plate of marble, the endosmosis pro-

duced by the first was to the endosmosis pro-

duced by the second as 584 is to 7, a most
extraordinary difference, and difficult to be
accounted for. These experiments prove that

carbonate of lime is but very little apt to pro-
duce endosmosis, in which it differs singularly

from baked clay, thin lamina; of which are

almost as apt to produce endosmosis as organic

membranes.
The varieties of sulphate of lime which may

be employed in endosmometrical experiments
are not sufficiently numerous or of sufficient

variety of permeability for it to be possible to

appreciate the properties of this substance in

relation to endosmosis. I found that the sul-

phate of lime used in the manufacture of

plaster in the environs of Paris, employed in

thin plates to close an endosmometer, did not

produce endosmosis. But this mineral is per-

haps too easily permeable. In fact it is found

im|«)ssible to obtain endosmosis when the in-

terior fluid of the endosmometer flows easily

by filtration, in virtue of its weight, through

porous plates. I should say as much of plates

of freestone (gris) which I have employed
without success in these experiments, but that

I recollect to have obtained the pheiiomeiion

in a very slight degree with a jilate of freestone

very close-grained anil very little permeable to

fluids.

I have tried a variety of experiments shew-

ing that an increase of temperature increases

endosmosis. This result has been confirmed

by repeated experiments.

The quantity of the same fluid introduced

by endosmosis, and with the same sort of \)er-

meable partition, is generally in pro|x>rtion to

the extent of surface of this partition. The
following experiment demonstrated this fact.

I took two endosmometers, the membranes of

which, taken from the same bladder, were of

diameters in the relation of one to two ; I filled

the reservoirs of these two endosmometers with

syrup of equal density, and then plunged diem
into pure water. I had taken care to weigh

them previously with great exactness. After

continuing the experiment for two hours, I

weighed the instruments afresh, and found in

the large endosm.ometer four times as great an

increase of weight as in the small one, which
proved that the first had introduced, by endos-

mosis, four times as much water as the second.

This relation was exactly that of the extent of

surface of their respective membranes, the

diameters of which were as one is to two, and
their surfaces consequently as one is to four.

I have thus enumerated the effects ; let us

now endeavour to ascertain their causes.

The first idea which presented itself to my
mind to explain the phenomenon of endosmosis

was that it was owing to electricity. We know
that effects exactly similar to those of endos-

mosis are produced by means of the electricity

of the voltaic pile in the experiment of M.
Porret, inserted in the Anmi/cs de Cliiinie,

vol. xi. p. 137. This naturalist having divided

a vessel into two compartments by a septum of

bladder, filled one of the compartments with

water, and put only a small quantity in the

other. Having placed the positive pole of the

pile in communication with the compartment

full of water, and the negtitive pole with the

compartment containing little water, the fluid

was forced through the bladder from the full

compartment into the almost empty one, and

there rose to a higher level than that to which

it was reduced in the original full comiiart-

ment.

I varied this experiment by ap]ilying it to my
own appanitus. I put pure water into an

endosmometer, the membrane of which was

plunged into water. I made the interior water

of the endosmometer communicate with the

negative pole of the pile, and the exterior
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water wiUi the positire \w\t>. I kuoii naw ilie

natLT rise in llie tube ol' the iiistruiiient : eii-

tlusiiuui:) had taken phiee. The iiiniihirity uf

cllects led nie lo admit that some partieuhir

and unknown mode or form of ehi,trieity was
the cause of the cndosmosis nroduted by the

heterogeneous nature of Hiiids. It was in

vain, however, that 1 tried to discover signs of
this electricity willi the most delicate electro-

meters.

In reflecting afterwards upon what might be
the common cause of the phenomenon pre-

sented in I'orret's experiment and that of or-

dinary endosniosis, 1 was inclined to think

that electricity might not be tlie immediate
cause of the eflecLs exhibited, and lliat it only

acted in the case cited by producing heteroge-

ueousness of quality in the two fluids subjecte<l

to the |>ositive and negative |)oles. Experience
seems to have conlirnied my doubts on this

point. I took a small endosmometer of glass,

closed by a |)iece of bladder, and tilled its re-

servoir with water coloured blue with the co-

louring matter of violets; I plunged the reser-

voir of this endosmometer into the siime co-

loured water contained in a small glass vessel

;

I put this latter fluid in comniunication with
the positive jx)!e of the voltaic pile, and tlie

interior fluid of the endosmometer in commu-
nication with the negative pole. The exterior

blue fluid soon became red, and consequently

acid, and the interior blue fluid beaime green,

aiid coiise(|U('ntly alkaline. Tlie.<ie two fluids

having thus become heterogeneous, to this may
be ascribed the endosmosis which manifested

itself, and which increased the volume of the

interior fluid at the expense of the volume of

the exterior fluid. Thus electiicity would not

be ill diis case the immediate cause of endos-

mosis, but die remote one ; it would only act

in producing the heteiogenwiiis quality in the

two fluids, and it would be this quality which
would produce the passage of fluids as in the

experiments on endosmosis, tlie discovery of

which belongs to me.

But let us now inquire in what way hetero-

geneousiiess of quality in two fluids, separated

by a membranous partition, occasions the phe-

nomenon of endosmosis. Upon this jKjint

opinions are greatly divided. M. I'oisson and
Wr. Power have each, in his own way, given

an analytical explanation of die |)hetiomeiion,

and ascribed it to the action of the capillary

canals of tlie porous septum interposed be-

tween the two fluids. In this explanation the

phenomenon of the current of exosmosis is set

aside, or regiirded as occurring merely acciden-

tally. Now this is entirely opposed to the fact,—VK have constantly evidence of the simulta-

neous existence of the two opposite and une-
qual currents of endosmosis and exosmosis.

Endosmosis by othei-s has been held lo be
simply the efl'ect of the viscidity of one of the

fluids divided by a porous septum. This visci-

dity prevents the up|>er fluid from |)crmeating

the interposed septum, whilst the inferior fluid,

little or not at all viscid, lihers readily through

the septum aiid mingles with the upper tluid,

whose volume it consequently incretnies. This
opinion, published by a man of distinction, de-
serves to be seriously investigate*!.

When an equal weight of gum arable and of
sugar is dissolved in two e<|ual weights of water,

the viscidity of die diflV-ient solutions is by no
means the same, the solution of the gum is ob-
viously more viscid than that of the sugar.

Now if these two solutions be divided by a
piece of bladder, the current of endosmosis

will be found to flow from the solution of the

gum towards that of die sugar ; in other words,

from the more viscid to the less viscid fluid

;

in this instance, consequently, we see the more
vi.scid fluid |)ermeatiiig the membnuie with

greater facility or in greater (juantity than the

less viscid fluid. More than this, the same
phenomenon takes place if the quantity of tlie

gum be made double that of the sugar. 1 have,

for instance, tried a solution of two parts of

gum arable in thirty-two parts of water, (den-
sity 1.023,) and a solution of one part of sui^ar

in the same quantity of the menstruum, (den-
sity 1.014,) divided by a piece of bladder, and
found that the endosmotic current was still

directed from tlie solution of the gum towards
that of the sugar. These facts suffice to prove
that the endosmotic current does not always
flow from the less towards the more viscid

fluid. It is not, therefore, the inequality of
vicosily in these two fluids which is, in tl)i»

instance, the cause of their unequal permeation
across the jxirous lamina which separates them.

In order to place these facts beyond a doubt,

the comparative viscidity of die gum-water and
the sugar-water which were made use of in the

experiments of which I have been s|>eakiiig,

ret|uired to be accurately measured. Such a
comparative estimate of the viscidity of fluids

may be obtained by observing the time which
an equal quantity of each of them, at the same
tem|>erature. takes to run through a glass capil-

lary tube. In this way I tried, 1st, pure water;

2d, a solution of one part of sugar in diirty-two

parts of water ; 3d, a solution of one part of

gum-arabic in thirty-two parts ofwater; 4th, and
lastly, a solution of two parts of gum in thirty-

two of water. W itii a tem pcrature of +7" cent.

I found that fifteen centilitres of pure water

passed through a capillary tube of glass in one
iiundred and tifty-seven seconds; that fifteen

centilitres of die solution of one part of sugar

in thirty-two of water passed through the same
tulie in one hundred and fifty-nine seconds and

a half; that fifteen centilitres of the solution of

one part of gum in thirty-two of water passed

through in two hundred and sixty-two seconds

and one-third ; and that the same quantity of

the solution of two parts of gum in thirty-two

of water required three hundred and twenty-six

seconds to pass through.

From these experiments it appeai-s that the

viscidity of the solution of sugar, in the propor-

tion of one to thirty-two of water, (density

1.014,) is very little aliove that of pure water ;

that the viscidity of the solution of gum-arabic,

in the proportion of one to thirty-two of water,

is much greater than that of the sugared water
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just mentioned ; and finally, thai the viscidity

of the gum-water, coiiliiiiiing two parts of gum
to tliirty-lwo of water, (density 1.023,) is twice

as viscid us the solution of sugar employed.

It seems that nothing more is wanting to

these proofs of the fact that endosmosis does

not depend on the mere viscidity of fluids.

Nevertheless I shall cite another proof of this

truth. The very singular fact 1 am about to

mention will also prove that the septa employed

exert a special influence on the direction in

which endosmosis takes place.

It is well known that, in separating water

from alcohol by an organized animal or vege-

table membrane, tlie endosmotic current flows

from the water towards the alcohol. I employed

oil-silk (tuffetus gumm'c) or silk covered with a

layer of caoutchouc, which may be regarded as

equivalent to a thin lamina of elastic gum, as

the medium of separation between tliese two

fluids. During the first thirty-six hours of the

experiment, I observed an extremely slow en-

dosmotic current from the alcohol towards the

v»ater. After this period the endosmosis, with

the same direction, became very rapid. This

increase in the rapidity of the endosmosis I

considered due to some alteration in the caout-

chouc produced by the action of the alcohol,

and in consequence of which it became more
readily permeable. The endosmotic current,

however, let it be observed, is always from the

water towards the alcohol in this experiment,

instead of being from the alcohol towards the

water, as is constantly the case when the septum
between the spirit and the water is formed by

an organic, whether animal or vegetable, tissue.

We have tlius a clear demonstration of the

great influence possessed by the septum upon
the direction of the current of endosmosis. We
have, also, in the instance just quoted, a proof

that the different degrees of viscidity of two
liquids plays no part in the production of this

phenomenon. I would remark that the endos-

motic current carrying the alcohol towards the

water athwart the septum of caoutchouc is ac-

companied by a counter-cuiTent, which carries

the water towards the alcohol through the same
septum. I assured myself that the alcohol had
received some addition of water ; and yet it is

well known that caoutchouc is impermeable to

water ; which would seem to say that the latter

fluid could only have passed through the sep-

tum of caoutchouc by becoming mingled with

the alcohol occupying the molecular interstices

of that substance. Once within these intersti-

ces the alcohol attracts the water by the affinity

of mixture, (iifflniti <le mixtion) and enables

it to penetrate the substance of the caoutchouc,

which denies all access to water when it is

pure. It is therefore to the state of commixtion
within the capillary tubes of the septum that the

two opposed fluids proceed the one towards

the other with cross but unequal motions. The
means I took to a.sci'rtain the fact of water
having become mixed with the alcohol was
sim|)le enough : I set fire to a quantity of the

flui<l which hati served for the experiment, and
found that, after all the spiiit had burned out,

a considerable quantity of vrater remained,

whilst the alcohol, previously to being so em-
ployed, burned away entirely, leaving uo water

behind it.

The theoretical views of Magnus in regard

to endosmosis have been adopted by Berzelius

in his Chemistry, and the idea upon which they

are based has been reproduced by M. Poisson.

To give a clear notion of this theory, let us sup-

pose that a measure of salt water is separated

from a measure of pure water by a permeable

septum, a piece of bladder for example ; the

current of endosmosis, in this instance, will be

from the pure water towards the salt, and for

the following reason; in the salt water there

are three attractions, namely, the attraction of

the molecules of the water for one another

;

secondly, the attraction of the molecules of the

salt for one another; and thirdly, the reciprocal

attraction of the molecules of the water and of

the molecules of the salt. The pure water on

the opposite side of the septum ag-ain has no

more than a single form of attraction, to

wit, that of its particles for one another. The
salt water subjected to three attractions will be

moved, it may be imagined, with greater diffi-

culty than the pure water, the molecules of

which are obedient to but one attraction. Con-
sequently, in the reciprocal attraction of these

two fluids, the one, the molecules of which are

the least subjected to attraction among them-

selves, will make its way with greatest rapidity

athwart the capillary conduits of the dividing

membrane.
This theory has a seducing aspect, but we

shall find immediately that it is inapplicable to

certain endosmotic phenomena presented by
acids.

I have shown above that it is not always to-

wards the denser fluid that the endosmotic cur-

rent is turned. Thus alcohol and ether are

very much less dense than vrater, and yet it is

towards these fluids of inferior density that

water flows in endosmotic experiments. Alco-

hol and ether have this in common with dense

fluids generally, that they rise to a less height

in capillary tubes than water. From this ob-

servation 1 was led to imagine that the endos-

motic current was always from the fluid having

the greatest power of capillary ascension, to-

wards the fluid having the least of this capa-

city. It is true, indeed, as we have already

seen, that alcohol proceeds by endosmosis to-

wards water when the medium dividing them

is caoutchouc. This would seem to say that

alcohol would rise higher than water in capil-

lary tubes of caoutchouc; and it is certain that

caoutchouc has a greater attraction for alcohol

than for water, inasmuch as the surface of

India-rubber is much more readily wetted by

alcohol than by water, which only adheres to

it partially and imperfectly. This fact, there-

fore, would not be in contradiction to my
theory ; although I must confess that it is not

reconcilable with certain endosmotic pheno-

mena presented by the acids, as we shall imme-

dialely have occasion to perceive. In .spite of

this, however, I do not think I ought to pass
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in silence all the proofs Uiat seem to cslabligh only l)y Uie rubbing of (his bofly Uial ihc stratum

this theory ujion a b;isis of siilhciciit solidity ;
can be detaclietl. It must be evident after tbis

for I cannot but perceive Uiat it is auplicable observation, that in making ex|x.'rimenU on the

to the most general phenomena of eiidosmosis, |X)wer of caiiillary asc>.-nsiou willi various

phenomena, too, whicli the acids, like all other luids and with tlie same tube, it is necessary

fluid bodies, exhibit, aUhough they also present to cleanse this tube with great ciu-e Ixjfore cacli

endosmotic phenomena in addition of a diffe- experiment; without this we should have de-

rent nature, and which belong to them exclu- fective results. We must also uike care not

sively, to warm the tube by holding it between tlie

Inequality of density being one cause pf en- fingers, for if the lemiicralure be increased it

dosmosis among fluids, it became a [joint with will no longer exert so strong a capillary attrac-

me first to ascertain wliat difl'erences in power tion. I^t us now pass to tlie detail of these

of capillary ascension resulted from detemii- experiments.

iKite difl'erences of density among fluids ; and I prepared a solution of hydrochlorate of

next, to discover whether the diflercnee in soda, the density of which was 1.12, the den-

power of capdhu-y ascent of two fluids bore sity of the water being one. I liK)k a part of

any constant ratio to the difference of endos< this solution and to it added an etpial volume

mosis as it is proclaimed by experiment. of water, which gave it a density of 1.06. 1

The height to which different fluids rise in had thus two saline solutions, of which the

capillary tubes dejjends on a v;u-iety of causes, excess of density, above the density of water,

in ap[)earance very different, but which must was 0.12 and 0.06. The excess was thus

have some fundamental analogy. Of all fluids in the relation of two to one. From my former

water is that which rises highest ; and sub- experiments, these two excesses ought to serve

stances held dissolved in it wliich increase its as measures of the endosmosis produced by

density, lessen its |)Ower of capillary ascent, each of these saline solutions, put successively

which is also diminished by increase of tempo- into the same endosmometer plunged in pure

rature : hot water ascends a le.ss way in a capil- water. In fact, having submitted both of the

lary tulx; than cold water. Combustible fluids, saline solutions to experiment, I obUiined from

such as alcohol and ether, are like dense fluids the most dense solution an endosmosis exactly

in regard to power of capillary ascent ; so that double of that which was produced by the least

combustibility acts in the same manner as den- dense solution. I next inquired into the rela-

sity in this resjiect. ITie matter of which ca- t'on existing between the known density ofthese

pillary tubes are formed is also endowed with two saline solutions and water, and the |)owcr of

tlie power of modifying the capillary ascent of capillary ascension ]iossessed by die three fluids,

fluids. Thus water, at the same temperature, I took a glass tulie, whose capillary action

will not rise to the same height in a series of raised water to the height of 12 lines at a

equal capillary tubes made of different mate- temperature of+ 10 degrees R. (50 I'ahrenh.)

rials. Tliese multiplied elements, which enter 1 found that the same tube, at the same tem-

into the determination of the capillary ascend- perature, raised to 6| lines the solution of

ing ])ower of different fluids, render it an ex- liydrochlortite of soda, the density of which

Iremely complicated phenomenon. To simplify was 1.12, and that it raised to 9J lines the

the study of this phenomenon in the greatest solution of the same salt, the density of which

possible degree, let us confine ourselves to the was 1.06.

use of two fluids, namely, water and a solution 1. Tlie capillary ascension of the water

of the hydrochlorate of soda. It is easy to try being 12

the latter fluid of different densities, and to The capillary ascension of die most

conqare tlie power of uipillary ascent pos- dense fluid being 6[
sessed by each of these with Uiat of pure water
at like temperatures. The same glass tube will The excess of the capillary ascension

answer for these com])arative experiments. Be- of water is 5f
fore detailing these experiments, however, I

have one imporumt remark to make, which is 2. The capillary ascension of water

this; that the layer of fluid which moistens, Ixiing.... 12

internally, the canal of a tube is one of the The cipillary ascension of the least

elements of the capillary ascension which this dense saline solution being 9|

lube effects. Thus, water will rise to a de-
terminate height, in a tube interiorly moistened The excess of the capillary ascension

with water ; but if the interior of tlie tube be of water is 2 J

moistened by a saline solution, or by any other

watery fluid, or by alcohol, pure water will not Thus the two excesses of the capillary ascen-

ag-ain rise so high in this tube as when it was sion of water above the capillary ascension of

moistened by water only. It will be in vain each of these saline solutions are 5j and 2J, or

to attempt to cleanse the tube by passing water 'S
and ^. numbers which are in the relation of

repeatedly through it; water will never detach two to one, as are the two excesses 0.12 and

the stratum of saline or other liquid which ad- 0.06 of the density of the two saline solutions

heres to it, and which diiiiiiiishes its power of above the density of water. Here, then, are two

producing capilhiry ascension. To detach this s;diiie solutions which, put scjiarately in relation

stratum of fluid you must pass a filiform body to pure water, produce endosmosis inlhcrelation

repeatedly through the tube full of water; it is of 2 to 1. Shall we refer this result to llie
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circumstance thai the excesses of density of

each of these saline solutions over the density

of water are in the ratio of 2 to 1, or to this,

—that the excesses in the power of capillary

ascent of each of these saline solutions over the

power of capillary ascent of water are in the

ratio of 2 to 1? In other words, is it the re-

spective density of the two fluids which regu-

lates or determines their endosmosis, or is it

the respective powers of capillary ascension of

tlie fluids severally ?

The following experiment will solve this

question. We have seen above that a solution

of sulphate of soda and a solution of hydro-

chlorate of soda of equal densities being put

in relation to pure water, produce endosraoses

which are in the relation of two to one. Here

the difference of density does not interfere with

tlie regulation of the endosmosis ; we must then

see if It be regulated by the power of capillary

ascension. I prepared a solution of sulphate

of soda and one of hydrochlorate of soda, having

the same density 1.085, and tested their ca-

pillary ascension in the same tube in which we
nave seen pure water raised to a height of 12

lines at a temperature of + 10 degrees R.
I found that in the same tube and at the same
temperature the capillary ascension of the so-

lution of sulphate of soda was of 8 lines,

and that of the solution of hydrochlorate of

soda was of 10 lines. The excess of the capil-

lary ascension of water above that of the solu-

tion of sulphate of soda is consequently 4 ;

the excess of the capillary ascension of water

above the solution of hydrochlorate of soda is

2. These two excesses are in the relation of

two to one, a relation which also measures the

endosmosis produced with the concurrence of

water by each of these two solutions of equal

density. The result of this is that the capillary

ascension, or power of capillary ascent, of fluids

governs their endosmosis, and that their density

only intervenes in this case as the determining
cause of their capillary ascension. But how
does the capillary action operate here ? This ap-
pears to be difficult to determine. The capillary

action never carries fluids out of the canals in

which it takes place; how then apply this action

to the phenomenon of double permeation, which
takes place in endosmosis and exosmosis ?

This double permeation, wliich carries two he-
terogeneous fluids towards each other, seems
as though it were the result of the reciprocal

attraction of the two fluids, of their tendency
to associate by admixture. In experiments of
endosmosis made with a dense fluid and water,

the tendency to mix is favoured by the respec-

tive positions of the two fluids; the dense
fluid is above and the water below. This dis-

position may possibly be one cause which fa-

vours the reciprocal mixture of the two fluids,

whose specific gravity would tend to ])lace

them in an inverse situation to that given them
in the experiment. This does not take ]>lace

when experiments on endosmosis are made
with alcohol and water ; then the alcohol, spe-
cifically lighter than water, is situated above
this latter fluid, and, notwithstanding this, the

endosmosis is exceedingly energetic ; we must

then acknowledge that the specific gravity of

two fluids has not here the degree of influence

that might be supposed to belong to it at first

sight. We have consequently no means left to

explain the course of the two fluids towards each

other athwart the capillary canals of the parti-

tion which separates them, but their reciprocal

atti-action or tendency to admixture. In ad-

mitting that such is the efficient cause of this

double i>ermeation we must also necessarily

admit that this efficient cause is governed in

its operation by the capillary action of the par-

tition.

Here another question presents itself,—do
the two fluids accomplish their admixture

in the capillary canals themselves, or do they

cross the partition by different capillary canals,

so that neither fluid mixes with its opposite

fluid until the moment of its exit from the

capillary canals? On the latter hypothesis it

were necessary to admit that the number and
diameter of the capillary canals followed sepa-

rately by each of the two fluids must be per-

fectly equal, for, without that, how would the

general result of this double permeation, a result

which is explained by the quantity of endosmo-
sis, be in exact relation with the capillary action

on the two fluids ? Now it is repugnant to

reason to admit any such perfect equality among
all the capillary canals, or to suppose an equal

number especially fitted for the transmission of

each of the two fluids. It must then necessarily

be allowed that the transmission of the two op-

posite fluids takes place by the same capillary

canals, and tiiat consequently this double

movement of transmission takes ])lace by a

reciprocal penetration of the two fluids.

The precedmg theory, with which I wiis at

one time inclined to rest satisfied, and which,

indeed, seemed to be based on a sufficiently

firm foundation, was however brought into jeo-

pardy by a discovery which I made subse-

quently, in regard to the phenomena of endos-

mosis exhibited by certain acids separated

from pure water by a layer of animal mem-
brane.

In the earliest experiments I made on the

endosmosis of the acids, I observed a number
of anomalous phenomena, for which I felt my-
self incompetent to assign any sufficient reason.

I had always placed the acids above the water,

from which they were separated by a layer of

animal membrane. Certain acids, such as the

hydrochloric, at very different degrees of den-

sity, and nitric acid only at pretty hisjh degrees

of density, gave me an endosmosis, the current

of which was directed from the inferior water

towards the superior acid, so that the acid rose

gradually in the tube of the endosmometer.

On the other hand, I had always found the

sulphuric acid pretty largely diluted, and the

hydrosulphunc acid, under the same circum-

stances as the acids mentioned above, gradually

to sink in the tube of the endosmometer. [ con-

cluded from this that these acids did not occasion

any endosmosis, and that they passed mechani-

cally, ;uid merely in virtue of their gravity,

atluvart the animal membrane to mingle with

the water. I had also iiiund that the sulphuric
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ami hyrtrosulpliuric acids, added tomim-water,

deprived il of tlie lUeully of nrodueiiiK endos-

mosis, and that this acidtdated water fell in the

tuhe of the eiidosinoiiieter, instead of rising, as

simple gum-water constantly does. These facts

imliiced nie to say inelaphorieally that the sul-

phuric and hydrosulphuric acids were the ene-

mit's of' endosmiisis.

More recent inquiries have enabled me to

see the above mentioned phenomena in ano-

ther light. It was the oxalic acid which led

nie to the conclusions I shall now lay be-

fore the reader. Having poured a solution

of this acid into the endosmometer closed

with a piece of bladder, and placed the re-

servoir in water, I found the acid fluid sink

rapidly in the tube, and flow towards the

inferior water, making its way by filtration

through the animal membrane. I then reversed

the arrancenient observed in this experi-

ment. 1 tilled the endosmometer with water,

and plunged the reservoir into a solution of

oxalic acid. 1 was now surprised to find the

water making its way rapidly into the endos-

mometer, and the column rising in the lube, so

that, in opposition to all I had yet observed,

here was the current of endosmosis directed

from the acid towards the water. The follow-

ing are the particulars of this exjjeriment.

Having jwured some niin-water into the reser-

voir of the endosmometer, I plunged the reser-

voir, closed with a piece of bladder, into a so-

lution of oxalic acid of the density of 1.045,

(11.6 parts of crystallized acid in 100 of the

>olution,) the temperature being + 25 cent.

The ascent of the water in the tube of the en-
dosmometer lasted for three days, becoming
gradually slower and slower. The ascent hav-
ing then become almost imperceptible, I emp-
tied the endosmometer, in the contents of

which I found water charged with oxalic acid,

llie exterior fluid was reduced in density to

1.033, so that, whilst the lower acid had pene-
trated the upper water by endosmosis, the

water had penetrated the acid by exosmosis,

and thus diminished its density ; the jjermea-

tion of the water, however, had been less con-
siderable than that of the acid ; so that the

upper water, increased in volume, had risen in

the tube of the endosmometer. We have thus,

in the present instance, another obvious proof
of the existence of two opposite and unequal
currents. 1 laving filled the reservoir of the en-

dosmoineteranew with rain-water, I placed it in

the solution of oxalic acid already used, and of
the reduced density of 1 .033. Tlie ascent in

the tube which again occurred, having almost
ceased at the end of two days, I tested the

fluid in the endosmometer, and found it to con-
tain oxalic acid.and discovered the density of the
external fluid further reduced to 1.025. I re-

pealed the same experiment a third time, tilling

the reservoir of the endosmometer with rain-

water, and plunging it in the old acid .solution.

Endosmosis went on as before, but with less

celerity. Having given up the experiment, after

the lapse of Iwenty-foiu' hours 1 found the

density of the exterior fluid now reduced to

1.023, and the iutciual fluid to coutaui a por-

tion of oxalic acid as before. I reduced the

density of the exterior acid solution to l.ol,

but the included water still gave evidence of a
pretty active endosmosis. 1 reduced the den-
sity of the acid to 1.005, (1.2 of acid to 100
of the solution,) and the endosmosis was still

very remarkable. In these experiments I found

that the endosmosis was by so much the more
rapid as the exterior acid solution was more
dense, so that the cajacity of oxalic acid to

permeate an animal membrane would appear

to increase with the density of its solution in

water. In these exjieriments, too, we observe

a fluid, more dense than water, and having a
less {lower of capillary ascent than il, never-

theless forming the stronger current, or current

of endosmosis, whilst the water opposed to this

fluid forms the weaker current, or counter-cur-

rent of exosmosis. Tliis is in op]X)sitioii to all

I had observed before ; and the dieory I had
raised on tlie different capacities of capillary

ascent posses.sed by two opposed fluids is con-

sequently shaken, or at all events proved to be
no longer generally applicable. What may be
the cause of this new phenomenon ? Oo animal

membranes give passage more readily through

their meshes to solutions of oxalic acid than to

water? This point I sought to determine by'

the following experiments.

The filtration of a fluid, by virtue of its gra-

vity, through a porous lamina, the capillary

canals of which are very minute, is not readily

appreciable, unless the inferior or outer surface

of this porous plate is kept plunged in or

moistened by the same fluid. It is in this way
only tliat the filtration of fluids through animal
membranes, the texture of which is dense (a

piece of bladder for example,) becomes appre-
ciable. It is essential that the inferior aspect

of the membrane be bathed with the same fluid

as tliat which rests on its superior aspect, in

order that no foreiiiii cause modify its tiltraliun.

We know in fact that the heterogeneousness of
two fluids, by producing endosmosis, would
completely mask the effects of simple filtration.

Would I, then, try the filtration of water through

a membrane, I apply this membrane to an en-

dosmometer, which I fill with water to a certain

height in the tube of the instrument ; I next

apply the lower surface of tliis membrane to

the surface of a body of water placed below it.

The water contained in the endosmometer filters

through the membrane and mingles with the

water in the vessel below ; the amount of this

filtration in a given time is indicated by the

fall of the column in the graduated tube of the

instrument. Would I essay comparatively the

filtration of any watery solution, 1 place this

solution in the same endosmometer, and taking

care to keep the exterior of the membranous
part of the instrument in contact with a solution

of the same nature, situated below it, I observe

the degree to which the depression of the co-

lumn in the tulie takes place in a space of time

equal to that which was t;iken by the filtration

of the water. It is necessary to begin by
proving tlie filtration of water; after tliis the

filtration of the watery solution may be tried ;

but it IS always to be borue iu mind tlial tltc
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membrauc of the oiidosmonieter must have
been kept plunged in the watery solution about
to be ex]K;iimcnted on for at least a quarter of

an hour, in order that it may become tho-

roughly impregnated with the solution, and to

secure tliat this should take the place of the

water which the membrane had formerly con-

tained in its pores. Without this measure of

precaution, the results of tlie second experi-

ment would be faulty. It is also indispensa-

ble that the circumstances under which the

two experiments are performed are in all re-

spects exactly alike. It was in this way that I

proceeded to ascertain comparatively the capa-

city of filtration of water to that of a watery

solution of oxalic acid through a piece of blad-

der. I found that the filtrating power of rain-

water, at the temperature of -J- 21 cent, being

denoted by 24, the filtrating power of a watery

solution of oxalic acid of no greater density

than 1.005, (1.2 of acid to 1 00 of solution,) was
denoted by 12. A solution of the same acid, of
thedensityof 1.01,being tried, its filtratingpower

was found to be represented by 9. By these ex-

periments it is therefore proved that water tra-

verses an animal membrane more readily than

a solution of oxalic acid. Why then does the

latter solution traverse an animal membrane
more readily and in greater quantity than water,

when it is water which is in contact with the

surfiice of the membrane opposite to that which
is in contact with the acid ? This is a question

which I find it impossible to answer in the

present state of our knowledge.
The discovery of this singular property of

the oxalic acid to cause the endosmotic current

to How towards the water when separated from
the latter fluid by a lamina of animal mem-
brane, led me to imagine that all the acids

would be found to possess a similar property.

And this I ascertained, in the first instance, to

be the case in regard to the tartaric and citric

acids. Both of these acids are much more so-

luble in water than oxalic acid. The saturated

solution of oxalic acid at
-f-

25 cent, has no
higher a density than 1.045 (11.6 acid to 100
of the solution.) But the solubility of the tar-

taric and citric acids is such that their watery
solutions may have a density of far greater

amount. I tried the endosmotic effects of the

tartaric and citric acids in watery solution of
various density, and I discovered, not without
surprise, that very dense solutions of them and
solutions of inferior density exhibited endos-
motic phenomena in inverse ratios. Thus,
when a solution of tjirtaric acid was of a den-
sity above 1.05, (11 crysudlized acid in 100 of
solution,) anil it was divided from water by an
animal membrane, the temperature being + 26
cent, the endosmotic current is directed from
the water towards the acid ; but when, under
the same circumstances, the density of the acid

solution is below 1.05, the current of endos-
mosis is directed from the acid towards the

water, just as we have found it to be with refe-

rence to the oxalic acid. Consequently, ac-
cording to its greater or less density, tartaric

acid presents the phenomenon of endosinosisin
two opposite directions. At the mean densily

of 1.05, at a temperature of + 25° cent, it

exhibits no obvious endosmotic phenomena
whatever ; not that there is not reciprocal pe-

netration between the acid and tlie water, which
are divided by the animal membrane ; but this

reciprocal penetration takes place so equally on
either side, that there is no increase of bulk of

the one fluid at the cost of the other—there is

no endos/nosis. The citric acid exhibits pre-

cisely the same phenomena ; the point of mean
density, which divides its two opposed endos-

motic capacities, is also very nearly the same,
namely, 1 .05 at a temperature of -|- 25° cent.

These facts induced me to imagine that if the

oxalic acid alone presented the endosmotic cur-

rent directed from the acid towards the water,

this arose from the fact of its solution at + 25°

cent, falling short of the density necessary to

I)ermit the acid solution to cause the endosmo-
tic current to flow from the water towards tlie

acid.

The preceding observations were made during

the heats of summer. The centigrade thermo-

meter was standing at+ 25° when I determined
the mecm term ofdensitj/ of the solution of tar-

taric acid, above and short of which the endos-

niosis happening between this solution and
water is directed towards the acid. It wiis of
importance to know whether a depression of

temperature would cause any modification in

these phenomena. I therefore repeated the

same experiments when the temperature was

-f-
15" cent, and I was astonished to find that

the meu7i term of density, of which we have

spoken above, was considerably altered, being

made to move in the direction of the increase

of density of the acid solution. Thus the mean
terra of density being 1.05, (11 crystallized

acid to 100 solution,) at a temperature of -}- 25°

cent, it came to be 1.1, (21 acid to 100 solu-

tion,) at a temperature of -H 15° of the same
scale ; that is to say, the solution of tartaric

acid, which now occupies the mean term, con-

tains nearly twice as much acid as the solution

which stood at the previous mean term, when
the temperature was ten degrees of the centi-

grade scale higher. This first essay was enough
to lead to the inference that the mean term of
denxilij, which we are now discussing, would
undergo further alterations in the same sense

wilix further depressions of temperature; and
this was actually found to be the c;ise. At a
temperature of 85° cent, the solution of tarta-

ric acid, of the density 1.1, vviis no longer the

solution of mean density dividing the two op-

posed endosmotic currents, as it was when the

temperature was + 15° cent. This solution

then caused the endosmotic current to flow

freely towards the water. I had to increa.se its

densily to 1.15 (30 acid to 100 solution) to

come to the new memi term, beyond which the

current of endosmosis was directed towards the

acid, and within which it was directed towards

the water. With the temperature depressed to

a quarter of a degree cent, above zero, the

solution of tirtaric acid, of the density of 1.15,

no longer presented the mean term ; this solution

now occ;isioiicd endosmosis towards the water,

which indicated that the mean term was to be
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(ought for in a more dense solution of tartaric

acid, :iiid tliis I actually found in a solution of

the density of 1.21 (40 acid to 100 solution).

Kvcry solution of this acid of greater density

than 1.21, at the temi)eratui-e of ^th of a degree

above zero cent cause<i the endosniotic cur-

rent to How from the water towards the acid,

and every solution of the same acid, under the

density of 1.21, caused the endosniotic current

from the acid towards the water. From all

these experiments it follows that a fall of tem-

perature favours the endosmosis towards the

water, and that a rise of temperature favours

the endosmosis towards the acid. Jn fact, the

same solution of tartaric acid occasions at one
time endosmosis towards the acid, when the

temperature is high ; at another, endosmosis
towards the water when the temperature is re-

latively low. It would appear from this, that

a depression of temperature renders the solu-

tion of tartaric acid more apt than water to

permeate anunal membr;mes, and that tliere is

a certain concordance between this capacity of

penneation and the temperature and the den-
sity of the acid solution. This phenonemon,
at first sight, appears analogous to that which
M. Girard discovered,* in regard to the com-
parative flow of a solution of nitre and of pure
water through a capillary glass tube. M. Girard
found that, at a temperature of -f- 10", a solu-

tion of one part of nitrate of potash in three

parts of water flows more rapidly than pure
water through a capillary glass tube, whilst the

same solution flows more slowly than water

when the temiierature is above -}- 10°. To
discover whether this apparent analogy was
well founded or not, I made an experiment to

ascertain die relative duration of the flow

through a capillary glass tube of a given mea-
sure of pure water, and a like measure of a
solution of t;u-tiiric acid, the density of which
was 1.05 (21.8 parts acid, 100 solution.) The
temperature being + T cent. I found that

fifteen centilitres of water flowed through a ca-

pillary glass tube in 157 seconds ; but the

same quantity of the solution of tartaric acid

required 301 seconds to pass through the same
capillary tube. Tliere is consequently no ac-

tual analogy to be established between the re-

sults of the experiments of M. Girard and the

fact of the endosmosis towards the water, which
takes place when at a temjK'rature of +7'
cent, a solution of tartaric acid of die den-
sity of 1.105, is separated from a volume of

i)ure water by a piece of an animal membrane,
t may be as well if I here state that when a

solution ofone jart of nitrate of jKitash in three

jKirts of water was separated by a piece of

bladder from pure water, I have always ob-
serveil the endosmotic current directed towards
the solution ; the temperature might be at

zero, or+ 10°, or higher, the same phenome-
non always occurred. This is siilticient to

prove that endosmosis is governed by laws en-
tirely different from those that preside over
simple ca|)illary liltration. I add, that the

solution of tartaric acid, of 1.105 density, bav-

* Mem. dc I'Acad, dcs Scicuco, 1816.

ing a visciditi/ nearly the double of that of
water, and passing, nevertheless, by endosmo-
sis into die latter fluid, when it is separated

from it by an animal membrane, and the tem-
jierature is + 7° cent, also proves Uiat endos-

mosis does not generally depend on the visci-

dity of fluids.

Acid solutions are the only fluids which have

yet been found to occasion the endosmotic cur-

rent to flow towards water when se^>arated from

this fluid by an animal membrane. The whole

of the acids, without exceirtion, exhibit this

phenomenon, which was long overlooked by

me, from its having been confounded with

another phenomenon, namely, the abolition of

endosmosis. I have in fact shown, in a work
already before the public,* that all fluids which

act chemicidly on the membrane of the endos-

momeler, put an end, with greater or less cele-

rity, to the phenomenon of endosmosis,—it

goes on for some time, but it never fails to

cease at length. Sulphuric acid, above all the

other acids, has the property of putting an end
to endosmosis. This acid, |K)ured into die en-

dosmometer, sinks by virtue of its simple gravity

towards the lower water, filtering mechanically

dirough the membrane placed between it and
the water. If the position of the two fluids bo

reversed, the endosmometer being charged with

water, and the sulphuric acid placed externally

and on the lower level, the water still sinks to-

wards the acid, passing in its turn mechani-

cally through the membranous septum of the

instrument, rendered incapable of effecting en-

dosmosis. From these experiments I was led

at first to conclude that sulphuric acid was in-

active as regards endosmosis ; in other words,

was incapable of exhibiting or producing this

phenomenon. I have since found, however,

that die sulphuric, like all the other acids, has

the faculty of exerting endosmosis in the two
opjiosite directions, but always during a very

brief space of time only. Thus tlie tempera-

ture being + 10° cent., sulphuric acid, of the

density of 1.093, separated from water by a
piece of bladder, the endosmotic current is

directed from the water towards the acid, but

the phenomenon lasts only for a short time

;

the current soon ceases, and if the acid be on
the higher level, it then begins to sink by sim-

))le mechanical filtration towards the water.

At the same temperature of + 10° cent., the

sulphuric acid attenuated to 1.054 being placed

in the endosmometer, and the reservoir and a

part of the tube being plunged in water, en-

dosmosis is established, but in this case tlie

current is from the acid towards the water, so

that the acid liquor sinks in the tube ; and that

this sinking is due to endosmosis is demon-
strated by the fact of the acid continuing to

sink in the tube of the endosmometer a consi-

derable way below the level of the external

water, and not sto|)ping short when the level is

obtained, as it does when the descent is owing

to simple mechanical filtration. In this expe-

riment, as in the one detailed immediately be-

• Nouv. Rccherrlics sur rEniloiiniosr, &c. p. 25,

See alio my Mrnioir in the 4i)lh vol. of tlie Aiuialu
de Chimic, p. 415.
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fore it, llie eiidosmosis towards the water is

abolished, and then tlie culuniii in the endos-

monieter begins to rise ag;iiii slowly, untU the

level of the external and included fluids corre-

s|)ond. We, lliereforc, see that at a temix?ra-

ture of + 10" cent., sulphuric acid, of tlie

density of 1 .093, presents the current of endos-

niosis from the water towards the acid ; whilst

the density being 1.054, the endosmosis is

from the acid towards the water. Between

these two opjwsite endosmotic currents there

necessarily exists a mean when no phenomena

of the kind occur. This mean, the tempera-

ture continuing -f 10", I find to belong to sul-

phuric acid of tlie density of 1.07. The two

fluids, divided by the animal membrane of the

endosmometer, penetrate one another athwart

the septum reciprocally and in equal measure,

so that the contents of the endosmometer re-

main for a certain time at the same height in

the tube of the instrument ; subsequently the

contained fluid begins to sink in consequence

of the cessation of all endosmosis. These ex-

f)eriments were necessarily undertaken when
the temperature was moderate or low ; the

phenomena detailed would not else have been

appreciable ; for in a warm atmosphere the

abolition of endosmosis by sulphuric acid is

accomplished so rapidly, that it is with diffi-

culty the slight current established in the first

instance ciui be observed.

Sulphurous acid, of the density 1.02, sepa-

rated from water by an animal membrane, only

exhibits endosmosis towards the water ; this

endosmosis is pretty active at first ; but afler

the lapse of a brief interval the current ceases,

just as it does with the sulphuric acid. These
results I came to after a number of experi-

ments, the temperature being at one time -f- 5°,

and at another -J- 25" cent.

Formerly I regarded the hydrosulphuric acid

as inactive in regard to endosmosis ; 1 assimi-

lated it, in this respect, with the sulphuric acid.

The fact, however, is that, like the sulphuric

acid, it has the property of producing endos-
mosis. Tlie acid I employed was of the den-
sity of 1 .00628. With a piece of bladder be-
tween this acid and water, the endosmosis was
constantly towards the water. This conclusion

was not influenced by variations of tempera-
ture between }- 4° and -}- 25" cent. The ac-

tion was somewhat protracted, but the endos-
mosis never failed to cease after a certain time,

as in the case of the sulphuric acid.

The nitric acid of considerable density exhi-

bits endosmosis towards the acid when sepa-

rated from water by a piece of animal mem-
brane. Thus, at a temperature of+ 10" cent,

this acid (density 1.12 or higher) presents the

current flowing towards the acid. Under the

same circumstances, but of the density of 1.03,

the endosmosis is towards the water. Of the

density t.09, the mean term between the two
opposite endosmoses is obtained. At higher

temiieratures the nitric acid very speedily puts

an end to the phenomena of endosmosis, espe-

cially when its density is not very high, so that

it becomes difficult to perceive the very tran-

sient curieuts produced in the Arst instance.

The hydrochloric is the most potent of all

the mineral acids in directing the current of

endosmosis from the water towards the acid.

Its density must be considerably reduced before

it offers the direction of the current changed, or

from the acid towards the water. At a tempe-
rature of + 22" cent, for insUince, the hydro-

chloric acid has to be brought, by the addition

of water, to a density no higher than 1.003,

before it presents the endosmosis flowing to-

wards the water, from which, as understood, it

is divided by a layer of animal membrane. Of
greater density the endosmosis is towards the

acid. When the temperature is lower than

+ 22", the same acid, of greater density, ac-

quires the property of causing endosmosis to-

wards the water. Thus, with the centigrade

thermometer at +10", I found that hydro-
chloric acid of 1.017 density presented the

mean term between the two opposite endosmo-
ses. At the same tem[x;rature hydrochloric

acid, of 1.02 density, presented endosmosis to-

wards the acid, and of 1.015 density, endos-
mosis towards the water. Under a higher

temperature, however, and of the latter density

(1.015), the endosmosis was towards the water,
so that a depression of 12" cent, in tem-
perature causes the mean term of the density of

hydrochloric acid, which separates the two op-
posed endosmoses, to rise from that of about
1.003 to that of 1.027; that is to say, the

quantity of acid added to the water must be
increased almost six-fold to produce the same
effects.

In the present state of our knowledge, we
find it quite impossible to give any explanation

of the remarkable |)henomenon exhibited in the

changes of direction of the endosmotic currents

according to the degree of density of the acid

and the temperature. The singularity of this

phenomenon will appear the greater when the

following observation is taken into the account.

Hitherto it was always by a layer of animal
membrane that I separated the acid from the

water. Instead of the animal membrane 1

now tried the efl^ect of one of vegetable origin.

We have seen above that oxalic acid, whatever
its density and under whatever temperature,

when sepnrated from water by an animal mem-
brane, always exhibited endosmosis from the

acid towards the water. I filled a pod of the

culutea arhorescens, which being opened at one
end only and forming a little bag, was readily

attached by means of a ligature to a glass tube,

with a solution of oxalic acid, and having
plunged it into rain-water, endosmosis was ma-
nifested by the ascent of the contained acid

fluid in the tube ; that is to say, the current

flowed from the water towards the acid. The
lower part of the leek (utltum purrum) is en-

veloped or sheathed by the tubular ])etioles of

the leaves. By slitting these cylindrical tubes

down one side, vegetable membranous webs, of

sufficient breadth and strength to be tied upon
the reservoir of an endosmometer, are readily

obtained. An endosmometer, fitted with one
of these vegetable membranes, having been
filled with a solution of oxalic acid, and then

plunged into rain-water, the included fluid rose
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grailually in the tube of the endosmometcr, so

timt the tnilosmosis was from the water towards

the acid, tlie reverse of tlial which tiikes place

when the eiidosmometer is furnished with an
animal membrane. The tartiiric aiid citric

acids of densities below 1.05, and at a tempe-
rature of + 25° cent, exhibit endosmosis to-

wards the water with an animal membrane

;

but with a vegetable membrane the case is

altered ; the endosmosis being tlieii directed

from the water towards the acid. I have tried

solutions of tartaric acid, decreasing gradually

in density from 1.05 (11 tartiiric acid to 100
solution) to a density so low as 1.0004, (1 tar-

taric acid, 1000 solution,) and always seen tlie

endosmosis towards the acid. A gradual fell

in the temperature from 4-25° to near zero did

not affect the result.

Sulphuric acid of 1.0274 density and at a
temj)erature of + 4° centes. when separated

from water by a vegetable membrane, exhibited

endosmosis towards the acid ; separated by an
animal membrane, however, tlie endosmosis
was towards the water.

Hydrosul[)huric acid (density 1.00628) sep.i-

rated from water by an animal membrane,
always shows endosmosis towards the water

5

but separated by a vegetable membrane, the

current is its uniformly towards the acid. The
experiment from which I deduce this result

was only performed at a temperature of -|- 5°.

Sulphurous acid (density 1.02) seimrated

from water by an animal membrane, exhibits

an active endosmosis towards the water, at

every temperature from zero up to + 25° centes.

(I have made no exjieriments on endosmosis at

higher temperatures.) When sulphurous acid,

of the density of 1 .02, is sejKirated from water
by a layer of vegetable membrane, it presents

neither endosmosis towards the acid nor endos-
mosis towards the water; it then appears to be
under the influence of the simple laws presiding

over the flow of fluids by hitration : there is

abolition of endosmosis. I was anxious to see

what endosmotic effects it would produce with

an eiidosmometer closed with a layer of baked
clay, and it was not without surprise that I saw
the current flowing vigorously towards the

water. I had put the acid into the reservoir of

the endosmometer ; and the included fluid rose

to a considerable height in the tube of the in-

strument, which I had taken care to immerse
in water to the place where the acid rose in the

tube. Tlie acid continued to sink in the tube

of the endosmometer for four hours, and had
then fallen to about 12 centimetres below the

level of the external water ; it subsequently be-

gan to rise slowly in the tube, and finally

gained the level of the external water, where it

remained. It was obvious that the sulphurous

acid had sunk in the tube below the level of the

water, in consequence oi endosmosis towards the

water, and that its subsequent rise to the level

of the water wiis due to simple filtration through

the membrane. Endosmosis had then ceased.

Sulphuric acid, diluted with water to the den-

sity of 1.0549, exhibits the same phenomena as

sulphurous .icid when separated from water by
X lamina of baked clay : it first occasions en-

dosmosis towards the water, but after some
minutes this endosmosis cesises, and is not re-
placed by endosmosis of an op|K>sile nature ;

simple filtration from the effect of gravity b all

that then takes place; endosmosis of each kind
is put a stop to. Hydrosulphuric acid, sepa-
rated from water by a lamina of baked clay,
gives the same results precisely as the sulphu-
ric acid. This phenomenon is rendered still

more strange by the feet of its not being general.
Thus the oxalic acid exhibits endosmosis to-
wards the acid when this is separated from
water by a lamina of baked clay. This fact I
ascertained under a variety of temperatures
from -t- 4" to -1- 25" centes. and with solutions
of the acid of as great density as could be ob-
tained at each temiierature, as well as with so-
lutions of very low density. The tartaric acid
also presents endosmosis towards the acid when
separated from \vater by a lamina of baked
clay. I had formerly found • lliat a little sul-
phuric or hydrosulphuric acid added to gum-
water, causes the current of endosmosis to cease
flowing from the water towards the gum-water,
so that the latter fluid, instead of rising in the
tube of the endosmometer, begins gradually to
fell. I then attributed this phenomenon to the
abolition of endosmosis ; but it is evident that
in certain cases it is owing to the current of en-
dosmosis changing its direction and flowing
from the acid towards the water. Thus, with
reference to the acidulated gum-water, of which
I have just s[)oken, when placed above water,
from which it was separated by an animal
membrane, it fell in the stem of the endosmo-
meter and flowed towards the water, either from
the abolition of endosmosis, and in virtue of its

gravity, or in consequence of the estiblishment
of an endosmotic current towards the external
water. Experiment can alone determine which
of these two causes is the eflicient one of the
descent of the acidulated fluid in the stem of
the endosmometer. The whole of the acids
used of such density as comports with the pro-
duction of endosmosis towards water, and in

suflicient quantity, are adequate to overcome
the disposition which any fluid may possess to
produce endosmosis in the opposite direction.

Here is a case in illustration of this point. The
power of sugar-vrater in causing endosmosis is

very great, as I have shown already. Water
holding no more than one-sixteenth of its

weight of sugar in solution causes rapid endos-
mosis from the water towards the solution. But
I have found that, by adding to this sweet
liquid a quantity of oxalic acid equal in weight
to that of the sugar which it holds in solution,

the direction of the endosmotic current is im-
mediately changed ; the flow is no longer from
the water towards the solution, but fit)m the

sweet-sour solution towards the water, so that

the oxalic acid may be said to compel the sac-

charine solution to which it is added to take

the direction of tlie endosmotic current which
is proper to it. Here it is the viscid and dense
fluid, with little power of capillary ascent,

which traverses llie animal membrane with

* Nouv. Rech. tar rEndMmoae, p. 8.
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i;reater ease and more rapidity than pure water,

'riiis may be added to the facts set forth already

to ))rovo, in the most decided manner, Uiat the

greater power of i)ermeatioii manifested by one
of the two fluids in experiments on endosmosis

does not follow from any greater viscidity it

may jmssess than the fluid opposed to it. In
sixteen parts of water I dissolved two parts of

sugar and one part of oxalic acid. In this so-

lution I plunged the reservoir of an endosmo-
meter, closed with a piece of bladder, and filled

with pure water : this did not show any difle-

rence of level in the tube during the two hours

that I continued the exiieriment. Tliere was
consequently no endosmosis. Nevertheless, I

found that the water contained in the endosmo-
meter contained a large quantity of oxalic .icid,

whether tested by the addition of lime-water

or by the palate, which last also detected the

])resence of sugar. Thus the sweet-sour fluid,

exterior to the endosmometer, had penetrated

the water contained within its cavity. If this

circumstance was proclaimed by no increase in

the volume of the water, this undoubtedly was
owing to the included water having lost by the

descending counter-current an amount exactly

equal to the amount it had gained by the in-

ward or ascending current. There was no en-

dosmosis in the sense in which I use that word,
altliough it is certain that there were two active

antagonist currents athwart the membrane which
separated the two fluids. It must not be lost

sight of that I only give the title of cndusmosis

to a stronger current opposed to a weaker
counter-ctirrent, antagonists to each other, and
proceeding simultaneously athwart the septum,
dividing the two fluids which are made the

subjects of experiment. The instant these two
antagonist currents become equal, there is no
accumulation of fluid on one side, and there is

then no longer any effort at dilatation or im-
pulsion; in a word, there is no longer any
endosmosis.

The opposite directions in which the endos-
mosis towards water, effected by acids of deter-

minate density, and the endosmosis from water
occasioned by other fluids, would lead us to

conclude that in placing such a fluid as gum-
water or sugar-water in an endosmometer fur-

nished with an animal membrane, and in con-
tact externally with an acid solution of appro-
priate density, we should have a much more
rapid endosmosis towards the included fluid

than if it were pure water in which the endos-
mometer was plunged ; and this in fact is what
I have found to be the case by experiment.
Into an endosmometer, closed with a piece of
bladder, I poured a solution of five parts of
sugar in twenty-four parts of water. Having
plunged the reservoir of the instrument into
water, I obtained in the course of an hour an
ascent of the included fluid, which may be re-

presented by the number 9. The reservoir of
the same endosmometer filled with a portion of
the same saccharine solution, having been
plunged into a solution of oxalic acid, the den-
sity of which was 1.014, (3.2 parU acid to 100
solution,) I obtained in the course of an hour
an ascent of the included fluid, which required

to be represented by the number 37. The
substitution of a solution of oxalic acid for

pure water consequently caused the amount of

endosmosis in the same interval of time to be
tripled. 1 obtamed like results with the tarta-

ric and citric acids, employed of the densities

required to enable them to produce endosmosis
towards water. From these experiments it

would appear that water, charged with a small

proportion of one of the acids, of which men-
tion has Iteen made, pos.sesses a power of'pene-

triition adiwart animal membranes greater than

that inherent in i>ure water. Hut a direct ex-

periment, detailed in an earlier part of this

paper, proves that this is not the case
; pure

water used by itself is still the fluid that pos-
sesses the greatest power of penetrating through
animal membranes. If, consequently, in those

ex])eriments wliich I have last described, the

water charged with acid passed more readily

and more copiously into the saccharine solu-

tion than pure water, this happens undoubtedly
from other causes or conditions which I cannot
take upon me to explain, but which appear to

be : 1st. A reciprocal action between the two
heterogeneous fluids, an action which modifies,

which even completely inverts the natural

power of penetration possessed by each of the

fluids when employed singly ; 2d. A particular

action of the membrane upon the two fluids

which ))enetrate it, an action which, with the

animal membrane, gives the stronger current
or current of endosmosis to the acid solution of

due density, and the xceukcr current or coun-
ter-current of cxosmosis to the pure water. It

seems to me impossible to deny this peculiar

action to the animal membrane, wlien we see

that a vegetable membrane in the same circum-
stances produces endosmotic phenomena di-

rectly the reverse. The peculiar influence of

the membranous septum is likewise manifested

in a very striking way in the experiment in

which I have shown that the current of endos-
mosis flows from water towards alcohol when
these two fluids are divided by an animal
membrane, and, on the contrary, that the cur-

rent of endosmosis flows from alcohol towards

water when the two fluids are separated by a

membranous septum of caoutchouc.

Endosmosis, in the present order of things,

is a phenomenon restricted to the realm of or-

ganization ; it is nowhere observed in the inor-

ganic world. It is in fact only among organ-

ized beings that we observe fluids of different

density separated by thin septa and capillary

pores ; we meet with nothing of t!ie same kind
among inorganic bodies. Endosmosis, then,

is a physical phenomenon inherent exclusively

in organic bodies, and observation teaches us

that this phenomenon plays a part of the high-

est importance in their economy. It is among
vegetables especially that the imjiortance of the

phenomenon strikes us ; I have, in fact, de-

monstrated that it is to endosmosis that arc

due, in great part, the motions of the sap, and
particularly its very energetic ascending motion.
I have also shown that all the spontaneous mo-
tions of vegetables are referable to endosmosis.

The organic vegetable tissue is composed of a
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multitude of agglomeralwl cells minKlcd with

tubes. TUe wliolo of these lioUow or^-ans. the

parietes of whith arc cxtreinelj thin, and which

contain lluids the densities of which vary, iic-

cessiirily make nnitual exchanges of their con-

tcnlj* by way of endosmosis and exosmosis.

Nor can we suppose but that the same pheno-

mena take place union)? the various cells and
cavities exhibited by the organism of animals.

Hut the effects of endosmosis, its influence on
the pliysiolotjical phenomena presented by ani-

mals, has yet to be determined ; and here, un-

<loubledly, the physiologist has an ample field

before him for inipiiry. I shall only say in

conclusion, and with reference to this very in-

teresting part of the subject, that I have satis-

fied myself that it is to endosmo.sis diat tlie

motions of the well-known tpiral spring tubes of

the milt of the cuttle-fish, when put into water,

are owing.

(U. Dutrochet.)

ENTOZOA, (erro?, intus, ^tict, animal,)

*iJi«, Arist. et Antiq. Vers InlcsCiimui, Cuv.
Entclminlhu, Sptanclinelmintlia, Zeder.

The term Entozoa, like the term Infusoria,

is indicative of a series of animals, associated

together chiefly in consequence of a similarity

of local habitation ; which in the present class

is the internal parts of animals.

In treating therefore of the organization of

these parasites, we are compelled to consider

them, not as a class of animals established

on any common, exclusive, or intelligible cha-

racters, but as the inhabitants of a peculiar dis-

trict or country.

They do not, indeed, present the types of so

many distinct groups as those into which the

naturalist finds it necessary to distribute the

subjects of a local Fauna, yet they can as little

be regarded as constituting one natural assem-

blage in the system of Animated Nature.

And it may be further observed that as the

members of no single class of animals are con-

fined to one particular country, so neither are

the different natural groups of Entozoa exclu-

sively represented by species parasitic in the

interior of animal bodies. Few zoologists, we
apprehend, would dissociate and place in sepa-

rate classes, in any system professing to set

forth the natural affinities of the animal king-

dom, the Vtanaritc from the Trematoda, or the

Vibrionid<e from the microscopic parasite of the

human muscles.

In the present article it is proposed to divide

the various animals confounded together under
the common term of Entozoa or Eutelmintha

into three primary groups or classes; and, as in

speaking of the traits of organization common
to each, it becomes not only convenient but

necessary to have terms for the groups so

spoken of, they will be denominated Prolcl-

minlliu, Sterclminthii, and Cieklmintha resjiec-

tively.

It may be observed that each of these

groups, which here follow one another in the

order of their res()ective superiority or com-
plexity of organization, has been indicated.

and more or less accurately defined by pny
vions zoologists. After the dismeml>ennent
of the Inftutn-ia of Cuvier into the cla-sses

Polygastricu and RotiJ'era, which resultetl

from the researches of Professor ElirenlH.-rg

into the structure of these microscopic beings,

there remained certain families of Animalcules
which could not be definitely classed with

either : these were the Cercariutla and Vibriit-

nitltr. Mr. I'ritchard, in his very useful work
on Animalcules, has applied to the latter fa-

mily the term Entozoa, from the analogy of

tlieir external form to the ordinary species of
intestinal worms ; and it is somewhat singular

that a species referrible to the Vibrioniiltc

should subsequently have been detected in the

human botly itself. Premising that the tribe

Vibrionida: as at present constituted is by no
means a natural group, and that some of the

higher org;mized genera, as An^uilluLi, arc re-

ferrible to the highest ratlier than the lowest of

the classes of Entozoa, we join the lower organ-

ized genera, which have no distinct oviducts, and
wKich, like the parasitic Trichina, resemble the

foBtal stage of the Nematoid worms, with the

Cercaritula, in which the generative apparatus

is equally inconspicuous; and these families,

dismembered from the Infusoria of Lamarck,
constitute the class Protelmintlia, the first

or earliest forms of Entozoa.

The second and third classes correspond to

the two divisions of the class Intettinalia, in

the ' Rfcgne Animal' of Cuvier, and which are

there respectively denominated ' Vers Inlesti-

naux Parenchymatcux,' and ' Vers Intestinaux

Cavitiires.' 'flie characters of these classes will

be fully considered hereafter; and in tlie mean-
while but little apology seems necessary for in-

venting names expressive of the leading distinc-

tion of each group as Latin equivalents for the

compound F'rench phrases by which they have

hitlierto been designated. E^^l>( appears to

have been applied by the Greeks to the in-

testinal worms generally, as Aristotle speaks

of iXfxii>Oi( irXuTttai, intestinalia lata, and
•X^itfii; rr^yyvhat, intestinalia teretia. In

framing the terms Sterelmintha and Calelmin-

thn, from iX^tit; tm^ta,, a solid or jwrenchy-

raatous worm, and iX^ir; xoiXti, a hollow or

cavitary worm, I follow the example of Zeder,

and omit the aspirate letter. It may be ol>-

served by the way that Zeder's term Splanchnel-

mintha, besides including animals which are

developed in other parts than the viscera, is,

like the terra Entozoa, open to the objection of

being applied to a series of animals which, ac-

cording to their organization, belong to distinct

classes.

Tlie limits and object of the present article

obviously forbid an extensive or very minute

consideration of the anatomical details of each

of these classes of animals, and we are com-
pelled to confine ourselves almost exclusively

to such illustrations of their respective plans

of organization as are affordcl by the s|)ecies

referrible to each which inhabit the human body.

If a drop of the secretion of the testicle be

expressed from the divided vas deferens in

a recently killed mammiferous animal, which
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lias arrived at maturity, and be diluted with

a little ])iirf; tepid water and placed in the

field of a microscope, a swarm of minute

beings resembling tadix)les will be observed

moving about with various degrees of velo-

city, and in various directions, apparently by

means of the inflexions of a filamentary caudal

appendage. These are the seminal animalcules,

Zoosperms, or Spenniitozoa (Jig. 51): and, as

It is still undetermined whether they are to be

regarded as analogous to the moving filaments

of the pollen of plants, or as independent or-

ganisms, it has been deemed more convenient

to consider them zoographically in the present

article as members of the class Entozoa.

The body to which the tail is attached is

of an oval and flattened or compressed form,

so that, when viewed sideways, the Zoosperm

appears to be a moving filament like a minute

Vibrio. It is this compressed form of the

body which principally distinguishes the Sper-

matozoa or seminal Cercur'ue, from the true

Ccrcarite of vegetable infusions, in which the

body is ovoid or cylindrical; the caudal ap-

pendage of the Spermatozoa is also propor-

tionally longer than in the Cercari/e.

In some species of the latter genus an oral

aperture and ocelliform specks of an opake

red colour have been observed on the anterior

part of the body, and they manifest their sen-

sibility to light by collecting towards the side

of the vessel exposed to tliat influence. In

the Zoos])erms, which are developed exclu-

sively in the dark recesses of animal bodies,

the simplest rudiments of a visual organ would

be superfluous; they are, in fact, devoid of

ocelli, and even an oral aperture has not yet

been detected in these simplest and most mi-

nute of Entozoa. In neither the Zoosperms

nor the Cercari(e has the polygastrie struc-

ture been determined. On the contrary, some
of the non-parasitic species, as the Ccrcaria

Lemna, are stated to have ' a true alimen-

tary canal, not polygastrie.'*

The Spermatozoa are not, however, the only

examples of the present order of Protelmintha

which have their habitat in the interior of living

animals ; many of the Entozoa themselves have

been observed to be infested by internal para-

sites, which are referrible by their external form

to the Cercariudte.

Although no distinct organs of generation

have been detected, there is reason to suspect

that the Spermatozoa are oviparous : they are

also stated to propagate by spontaneous fission

;

the separation taking place between the disc of

the body and the caudal appendage; each of

which develope the part required to form a
perfect whole.

The Zoosperms of each genus of animals

present differences of form or proportion, and
frequently also differences of relative size as

compared to the animal in which they are deve-

loped ; thus, in the figures subjoined, which
are all magnified in the same degree, the

Zoosperm from the Kabbit is nearly as large as

that from the Bull, C/g. 51.)

* Pritchard's Animalcules, p. 184.

Fig.5\. They appear to be
formed in the seminal

secretion under similar

laws to those which pre-

side over the develop-

ment of other Fmtozoa
in the mucous secretion

of the Intestines, &c.,but
are more constant in their

existence, and must there-

fore be regarded as fulfil-

ling some more important

ortice in the economy of
the animal in which they

exist.

They are not found in

the seminal passages or

glands until the full pe-
riod of puberty ; and in

some cases would seem
to be periodically deve-

loped. In the Hedgehog
and Mole, which exhibit

a periodical variation in

the size of the testes in a
well-marked degree, the

Sperraatazoa are not ob-
servable in those glands

during their state of

quiescence and partial

atrophy. Professor Wag-
ner* examined the testes

of different Passerine

Birds in the winter sea-

son, when those bodies

are much diminished in

size. (See vol. i. p. 354,

.//^. 183.) They then con-

tained only granular sub-

stances, without a trace of

the Spermatozoa. When
the same bodies were ex-

amined in spring, they

were found to contain

spherical granules of dif-

ferent sizes and appear-

ances, (A, B, fig. 52,)

which led to the suppo-
sition that they were the

ova o( \.\\e Spermatozoa in

different stages of deve-

lopment, and capsules

containing each a nume-
rous group of Sperma-

tozoa (C) were also pre-

sent ; whence it would
appear that many of these

animalcules were deve-

loped from asingle ovum.
In the semen contained

in the vasa deferentia die

Spermatozoa (D) were in

great numbers, having

escajied from their cap-

sules ; they exhibit a re-

markable rotation on their

• MUUer's Archiv. 1836,

Derelnfmient of Spcr- P- 225.

viatozoa, Bimiing.

Q%>
Carp,

#
Silk-worm Moth.

Fig. 52.
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axis,whichcontinuos for five or ten minutes after

the death of the birtl in which they are developed.

Some have snp|)osed that these animalcules

were the result of a putrefactive process, but
this is disproved by their presence in testicles

which have lieen removed from living animals,

and by their ceasing in fact to exist when the

seminal secretion begins to undergo a decom-
jwsition. Their extraordinary number is such
that a drop of semen appears as a moving mass,

in which nothing can be distinguished until it

has been diluted as befo>e-mentioned, when
the animalcules are seen to disengage them-
selves and commence their undulatory move-
ments. By means of the continual agitation

thus produced the chemical elements of the

fecundating fluid are probably kept in a due
state of admixture. By the same movements
the impregnating influence of the semen may
be carried beyond the boundary which it

reaches in the female organs from the expulsive

actions of the coitus, ft has been conjectured

that from the rapid and extensive multiplication

of these anmialcules they may contribute to pro-

duce the stimulus of the rut. But the con-

sideration of the part which the Zoos[)erms

may play in generation belongs to the Physio-
logical history of that function, and would
lead to discussions foreign to the present

article, which treats of their form and structure

simply as the parasites of animal bodies.

In the human sul)ject the form of the Zoo-
sperm is accurately represented in Jig. 51.

Among the cold-blooded Heptdes the Zoo-
sperms of the Frog (Jig- 5\) have been ex-

amined with most attention, and have been
the subject of interesting experiments in the

hands of S))allanzani and Dumas.
The milt or develo[)ed testicle of the osseous

Fishes abounds with moving bodies of a glo-

bular form. In the Shark and Itay the Zoo-
sperms are of a linear and spiral form.

The molluscous animals are favourable sub-
jects for the examination of the present tribe

of Entozou on account of the great relative

size of the parasites of the seminal secretion,

lliey are mostly of a filamentary form, and
have long been known in the Cephalopods.
The Zoosperms of the Snail (Helix Pomatia)
present an undulated capillary body, and move
sufficiently slowly to permit their being readily

followed by the eye.

The Siitrmutozoa have been detected and
described in the diflerent classes of the Arti-

culate Animals. In Insects tliey are of a tine

capillary form, and are generally agaregated in

bundles. They abound in the semen of the

Anellides and Cirripeds; lastly, these parasites

have been found to exist in vast numbers in the
spermatic tubes of the higher organized En-
tozoa themselves.

The second tribe of Proldmintha includes
tliose cylindrical, filiform, eel-like, microscopic
Animalcules which abound in decayed vege-
table paste, stale vinegar. Sec. together with
others which have attracted j>articular attention

by the destructive waste caused by certain spe-
cies which are parasitic on living vegetables.

These animalcules are termed VibrionieUe from
VOL. n.

their darting or quivering motion. They difTer

from the jwlygastric Infusories, not only in

the absence of internal stomachs but also of

external cilia, which is inferred by their not

exciting any currents when placed in coloured

water. They present a higher grade of organi-

zation than the Cercarian tribe in the presence

of a straight alimentary canal, whicli is i©-

markably distinct in some of the higher forms

of the group, as the Gordioides and Oxyu-
roides of Bory St. Vincent.

The higher organized Vibriones have distinct

generative organs, and are ovo-viviparous.

In tlie species of y^ibrio which infests the

grains of wheat and occasions the destructive

disease called Ear-cockle or Purples, Mr. Bauer
found ttie ova arranged between the alimentary

canal and the integument, in a chaplet or

moniliform oviduct which terminated by a
bilabiate orifice at a little distance from the

caudal extremity of the body. The ova are

discharged at tliis orifice in strings of five or

six, adhering to each other. Each egg is about
^th of an inch long, and g^th or ^th in di-

ameter: and they are sufilciently transparent

to allow of the young worm being seen within

:

and the embryo, in about an hour and a half

afier the egg is laid, extricates itself from the

egg-coverings. Of the numerous individuals

examined by Mr. Bauer, not any exhibited

external distinctions of sex, and he believes

them to be hermaphrodites.

In the Angutllula aceti, or common Vinegar-
eel, Bory St. Vincent has distinguished indi-

viduals in which a slender spiculum is pro-

truded from the labiate orifice corres)ionding

to that above described from which the ova
are extruded ; these individuals he considers

to be males; they are much less numerous
than the females ; are considerably smaller

;

and the internal chaplet of ova is not dis-

cernible in tliem. In the female the ova are
arranged in two series on each side of the

alimentary canal, and the embryo worms are

usually seen to escape from the egg-coverings

while yet within the body of the parent, and
to be bom alive. Ehrenberg figures the two
sexes of AnguiUulaJiiwiutUis in his first trea-

tise on the Infusoria (tab. vii. fig. 5.*) The
granular testis and intromittent spiculum, which
IS single, are conspicuous in the male ; the ova
in the female are large and arranged as in

Anguillitta nceti. Such an organization, it is

obvious, closely approximates these higher

Vibrionidee to the nematoid Entozoa, as the

Asturidcs and Oxyuri, and further researches

on this interesting group will doubtless lead to

the dismemberment of^ the Oxyuroid &inily

from the more simple Vibrionida, as the

genera Bacterium, Spirillum, and Vibrio, with

which they are at present associated.

To the group composed of the three last-

named genera, the microscopic parasite of the

human muscles, termed Trichina Spiralis, is

refemble.t

* Organisation, (ystematik and georaphiicbes
Verhaltniss der Infiisionthiegchen, l530.

t Zool. Trans, vol. i. p. 315, and Zuol, Pn>>
ceedingt, for February, 1835.

I
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This siii^ilar Entozoon I discovered in a

portion of ihn muscles of a male subject, which

was transniilted to me for examination, at tlio

beginnms of 1 835, by iVlr.Wormald, Demon-
strator of Anatomy at St. Bartholomew's Hos-

pital, oil account of a peculiar speckled ap-

pearance of those parts. This state of the

muscles had been noticed by tliat gentleman

as an occasional but rare occurrence in subjects

dissected at St. iiartholomew's in several pre-

vious years.

The portion of muscle was beset with minute

whitish specks, as represented in the subjoined

cut (fig. 53) : and in fourteen subsequent

instances which have

Fig. 53. come to my knowledge
of the presence of this

entozoon in the human
subject, the muscles

have presented very

similar appearances.

The specks are produ-

ced by the cysts con-

taining the worm, and
vary, as to their dis-

tinctness, according to

their degrees ofopacity

,

whiteness, and hard-

ness.

The cysts are very

readily detected by
gently compressing a

thin slice of the infect-

ed muscle between two
pieces of glass and ap-

plying a magnifying power of an inch focus.

They are ofan elliptical figure, with the extremi-

ties more or less attenuated, often unequally

elongated, and always more opaque than the body
or intermediate part of the cyst, which is, in

general, sufficiently transparent to shew that

it contains a minute coiled-up worm.
Tlie cysts are always arranged with their

long axis parallel to the course of the mus-
cular fibres, which probably results from their

yielding to the pressure of the contained worm,
and becoming elongated at the two points

where the separation of the muscular fasciculi

most readily takes place, and offers least re-

sistance; and for the same reason one or both

of the extremities of the cyst

become from repeated pressure

and irritation thicker and more
opaque than the rest. That the

adhesive process in the cellular

tissue, to which I refer the for-

mation of the cyst, was most
active at the extremities of the

cyst is also evinced by the closer

adhesion which these parts have
to the surrounding cellular tissue.

The cysts measure generally

about s'jth of an inch in their

longitudinal, and ^J^thof an inch

in their transverse diameters

:

like other cysts which are the

result of the adhesive inflamma-
tion, they have a rough exterior,

and are of a laminated texture.

Cysts of the Trichina

Spiralis in situ, natural

size.

A sfpurateCyst

of the Trichi-

na, which is

seen coiled up
through the

transparent

coatsi magrtt'

fied.

The innermost layer (fig. 54), however, can
sometimes be detached entire, like a distinct

cyst, from the outer portion, and its contour

is generally well marked when seen by trans-

mitted light. Hy cutting off'the extremity of the

cyst, which may be done with a catiiract needle

or fine knife, and gently pressing on the opposite

extremity, the Trichina and the granular secre-

tion with which it is surrounded, will escape
;

and it frequently starts out as soon as the cyst

is opened. But this delicate operation requires

some practice and familiarity with microsco-
pical dissection, and many attempts may fail

before the dissector succeeds in liberating the

worm entire and uninjured.

When first extracted, the Trichina is usually

disposed in two or two and a half spiral coils :

when straightened out (which is to be done
with a pair of hooked needles, when the sur-

rounding moisture is so far evaporated as that

the adhesion of the middle of the worm to the

glass it rests upon shall afford a due resistance

to a pressure of the needle upon the extremi-

ties), it measures ^th of an inch in length and
^Jjth of an inch in diameter, and now requires

for its satisfactory examination a magnifying
powei of at least 200 linear admeasurement.
The worm (fig. 55) is cylindrical and fili-

form, terminating obtusely

¥ig. 55. at both extremities, which
areof unequal sizes; taper

ing towards one end for

about one-fourth part of its

length, but continuing of
uniform diameter from that

|)oint to the opposite ex-

tremity.

Until lately it was only
at the larger extremity that

Trichina s/iiralis I have been able to distin-
mugnijied. guish an indication of an

orifice, and this is situated

in many specimens in the centre of a transverse,

bilabiate, linear mouth, {a, fig. 54.)

A recently extracted living worm, when ex-

amined by a good achromatic instrument be-

fore any evaporation of the surrounding fluid

has affected the integument, presents a smooth
transparent exterior skin, inclosing apparently

a fine granular parenchyma. It is curious to

watch the variety of deceptive appearances of

a more complex organization which result from

the wrinkling of the delicate integument. I

have sometimes perceived what seemed to be
a sacculated or spiral intestine ; and, as eva-

poration proceeds, this has apparently been

surrounded by minute tortuous tubes ; but the

fallacy of the latter appearance is easily de-

tected. A structure, which 1 have found in

more recent and better preserved specimens

than those which were the subjects of my first

description, is evidently real, and may pro-

bably belong to the generative system of the

Tric/iina ; it consists of a small rounded cluster

of granules of a darker or more opaque nature

than the rest of the body ; it is situated about

one-fifth of the length of the animal from the

larger or anterior extremity, and extends about

half-way across the body.
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Dr. Arthur Farre, whose powers of [xitient

and minute observation and practised skill

with the microscope, are well known to those

who have the pleasur*' of his acquaintiinte,

discovered, by theexaniiiiation of recfnl Trichina-

under favourable circumstances, that they pos-
sess an intestinal canal with distinct parietes.

lie describes it as commencing at the large end
of the worm, bounded by two |iarallel but
slightly irret;ular lines for about one-fifih of
the lengdi of the body, and then assuming a
sacculated stnicture which " becomes gradually

lost towards the smaller end where the canal
assumes a zig-zag or |X!rhaps spiral course, and
at length terminates at the small end."*

In a recent examination of some Trichina
from an aged male subject at St. Bartholomew's
Hospital, I perceived a transverse slit close to
the small extremity on the concave side, which
I regard as the anus.

The muscles which are affected by the Tri-
cliinit are those of the voluntary class ; and the
su|)erficial ones are found to contain them in

greater numbers than those which are deep-
seated; the pectoralis major, latissimus dorsi,

and other large flat muscles usually present
them in great abundance. They have been
delected in the muscles of the eye, and even
in those lielonging to the ossicles of the ear,

and of whose actions ws are wholly uncon-
scious: they also occur in the diaphragm, in

the muscles of the tongue, in those of the
soft palate, in the constrictors of the pharynx,
in the levator ani, in the external sphincter ani,

and in the muscles of the urethra. But they
have not yet been detected in the muscular
tunic of the stomach and intestines, in the
detrusor urinse, or in the heart. It is an inte-

resting fact that all the muscles infested by the
Trichina are characterized by the striated ap-
pearance of the ultimate fasciculi : while the
muscles of organic life, in which they are
absent, have, with the exception of the heart,

smooth fibres, not groui^ed into fasciculi, but
reticularly united.

From the instances of this parasitical affec-

tion of the human body which have already
been recorded, and from other unpublished
cases in which 1 have examined the worms,
it is evident that their presence in the system
is unconnected with age, sex, or any particular
form of disease. They have been found in the
bodies of persons who have died of cancer of
the (leiiis ; tubercles in the lungs ; exhaustion
of the vital powers by extensive external ul-
ceration of the leg ; fever combined with tu-
bercles in the lungs ; aneurism of the aorta

;

sudden depression of the vital powers after a
comminuted fracture of the humerus ; diar-
rhoea.

The cases which had occurred before the
publication of the first description of this

Entozoon led me to conceive that, although the
species was of so minute a size, yet the num-
pBr of individuals infesting the' body was so
immense, and their distribution through the
muscular system so extensive, that they might

• See Medical Gazette, December, 1835.

occasion debility from the quantity of nutri-

ment required for their sup|X)rt; and I ob-
.served " that it was satisfactory to believe, that

the Trichinit are productive of no other con-
sequences than debility of the muscular system;
and it may be questioned how far they can be
considered as a primary cause of debility, since

an enfeebled state of the vital powers is the

probable condition under which they are

orittinally developed. Mo painful or incon-

venient symptoms were present in any of the

above-mentioned cases to lead the medical

attendants to suspect the condition of the mus-
cular system, which dissection afterwards dis-

closed : and it is probable that in all cases the

patient himself will be unconscious of the

presence of the microscopic parasites which
are enjoying their vitality at his expense."*

Since writing the above, a case has occurred

io which the Trichinx were met with in the

muscles of a man who was killed while in the

apparent enjoyment of robust health by a frac-

ture of the skull. I received jx)rtions of the

muscles of the larynx of this individual from
my friend Mr. Curling, Assistant-Surgeon to

the London-Hospital, who has recorded the

case in the Medical Gazette, and the worms
were similar in every respect to those occurring

in the diseased subjects. The deduction there-

fore of the development of tlie Trichina bein?

dependent on an enfeeblement of the vital

powers is invalidated by this interesting ex-

ample.t
Leaving now the consideration of Entozoa,

which from their minute size and or^nization

would have ranked with the vast assemblage
of animalcules which are collected under the

head Infusoria in the Kbgne Animal, we come
next to the consideration of the animals which
form that scarcely less heterogeneous class, the

Entozoa of Kudolphi. These are distributed by
that Naturalist into five orders, which may be
synthetically arranged and characterized as

follows.

Ordo I. Cystica, Rud. (xtxrrn, vesica.)

Vermes vesiculures, BUiscnwOrmer,
Cyst-worms or Hydatids.

Char. Body flattened or rounded, conti-

nued posteriorly into a cyst, which is

sometimes common to many indivi-

duals. Head provided with pits (lio-

thria two or four) or suctorious pores

(four), and with a circle of booklets

or with four unarmed or uncinated

tentacles. No discernible organs of
generation.

Obs. This order is not a very natural one

;

the species composing it are closely allied to the

Tape-worms in the structure of the head, and
when this is combined with a jointed structure

of the body, as in the Cysticercus J'asciolurit

common in the liver of l{ats, the small caudal

vesicle forms but a slight ground for a distinc-

tion of ordinal importance. The Cystica of

Uudolphi form (Kirt of the Order Tirnioidea of

Cuvier ; and may be regarded as representing

* Zoolocical Transactions, vol. i. p, 315.

t Zool.Trana. vol. i. p. 323.

I 2
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the immature slates of tlie higher orders of

Sterclminl/iu.

OuDO II. Cestoidea, (x£o-to{, cingulmn,

iiJot, forma.)
Vermes tanitefurmes, Bundunirmer,

Tape-worms.

Char. Body elongated, flattened, soft,

continuous, or articulated. Head either

simply labiate, or provided with pits

(bothriu) or suctorious orifices (osculu

suctoriu) either two or four in number,

and sometimes with four retractile un-

armetl or uncinated tentacles. Andro-
gynous generative organs.

Ohs. In this order Rudolphi includes the

inarliculated Ligulte, with simple heads un-

provided with bothria or suckers; a conjunc-

tion which detracts from the natural character

of the group. Cuvier separates the Ligulie

from the T<eniie, and they form exclusively his

Order Cestoidea; it must be observed, however,

that the passage from the one to the other is

rendered very gradual by the traces of bothria,

and of generative organs which appear in the

higher organized Liguta: found in the intestines

of Birds ; and respecting which Iludolphi

hazards the theory that they are the more simple

Ligula of I'islies, developed into a higher grade

of structure by the wannth and abundant nutri-

ment which they meet with in the intestines of

Birds which have swallowed the Fishes infested

by them.

OiiDO III. TiiEMATODA, {T^fi.a,, foramen,
rqriuaru^Tii foramiitosus.)

Feniies suctorii, Satigw'urmer, Fluke-
worms.

Char. Body soft, rounded, or flattened.

Head indistinct, with a suctorious fo-

ramen
;
generally one or more suctorious

cavities for adhesion in different parts of
the body. Organs of both sexes in each
individual.

Obs. This very natural order includes, in the

system of Cuvier, many species which do not
infest other animals, but are found only in

fresh waters ; these non-parasitic species form
the greater part of the genus Planuriu of Muller,

(fig. 80.) Iludolphi, who seems to have sup-
posed the I'luituriie to be of a more simple
organization than they truly )x)ssess, approxi-
mates them to the Ltgula; or inarticulated Ces-
toidea. Other naturalists, unwilling to asso-

ciate the I'lunariie with the EiUozoa, have
placed them in the Class Anellida, but the
absence of a ganglionic abdominal nervous
chord, of a floating intestine, and of an anus,
renders such an association very arbitrary.

Ordo IV. AtAMiiocEPiiALA, (axa*9a,
spina, xitp^Xii, euput.)

Vermes unemuti, HuckcH-wurmer,
Hooked-worms.

Char. Body elongated, round, sub-elas-

tic. Head with a retractile proboscis

armed with recurved spines, (fig. 74.)
Stxuul Organs appropriated to distinct

individuals, male and female.

Obs. This natural group includes the most
noxious of the internal parasites ; fortunately
no species is known to infest the human body.

They abound in the lower animals, and present

great diversity of form, some being cylindrical

and others sacciform.

OuDoV. Nematoidea, {srii/,a,Jilum, niof,

forma.)
Vermes teretes, Rund-w'urmer. Round-
worms.

Char. Body elongated, rounded, elastic.

Mouth variously organized according to

the genera. A true intestinal canal

terminating by a distinct anus. Sexes

distinct.

Ohs. The internal character which Rudolphi

has introduced in his definition of this Order,*

viz. that derived from the structure of the ali-

mentary canal, its free course through the body,

and its termination by a distinct anus at the

extremity opposite the mouth, is one of much
greater value than any of the external modifica-

tions of the body which characterize the four

preceding orders. It is, in fact, a trait of or-

ganization which is accompanied by corre-

sponding modifications of other important

parts, more especially the nervous system.

The Entozoa which manifest this higher type

of structure form in the system of Cuvier a

group equivalent to that which is constituted

by the four other orders combined. Tlie En-
tozoa composing the first four orders above

characterized have no distinct abdominal cavity

or intestine, but the digestive function is carried

on in canals without an anal outlet excavated

in the parenchymatous substance of the body,

and Cuvier accordingly denominates them the

Vers inlestinuux purviichymuteux. The Ne-
matoidea, with which Cuvier rightly associates

the genus Fentastoma of Rudolphi, and also

(but less naturally) the Vers rigidules of La-

marck, or Epizoa, he denominates ' Vers inlet-

tinuux cavitaires.'

With respect to the Epizoa, or the external

Lerna-an parasites of Fishes, although they

agree with the Nematoidea and all inferior

Entozoa in the absence of distinct respiratory

organs, yet the ciliated natatory members which

they possess in the young state, and the exter-

nal ovarian appendages of the adult, are cha-

racters which raise them above the Entozoa as

a distinct and higher class of animals, having

intimate relations with the soft-skinned Sipho-

nostomous Crustaceans.

Limiting, then, the Cavitary Entozoa to the

Nematoidea of Rudolphi, and the Genera Lin-

giiatulu, Fentastoma, Foroecphutus, and Syn-

gumus, which, under the habit of Cestoid or

Trematode Worms, mask a higher grade of

organization, we projxjse to regard them as a

group equivalent to the Steretmintha, and to

retain for them the name of Calelmintha.

Hie class of Entozoa thus constituted em-

braces already the types of three different

orders, of which one is formed by the Nema-

toidea of Rudolphi, a second has been esta-

blished by Diesing for the genus Fentastoma

and its congeneric forms, under the name of

* " Corpus teres elasticum, tractus intestinalit

bine ore, illinc ano terininatus. Alia individua

ruascula, alia femiuea,"

—

Synops, Entox, p, 3.
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Acanthotheca ; and the singular organization

of the Si/ngumus of Siebohl, presently to be

described, clearly indicates tlie tyjw of a third

order of Cavitary Kntozoa.

As a short description has already been
given of the species of Ptotelmintha which

inhabit the human body, we shall proceed to

notice those species belonging to the two di-

visions of Rntozoa above defined, which have

a similar locality, before entering upon the

organization of tlie class generally.

Tlie first and simplest parasite which de-

mands our attention is the common globular

Hydatid, which is frequently developed in the

substance of the liver, kidney, or oilier abdo-
minal viscera, and occasionally exists in prodi-

gious numbers in dropsical cysts in the human
subject.

Considerable diversity of opinion still exists

as to the nature of these ambiguous productions,

to which Laenncc first gave the name of Ace-
phalocysts ; we shall nevertheless admit them
into the category of human parasites, for reasons

which are stated in the following descrip-

tion.

The Acephalocyst is an organized being,

consisting of a globular bag, which is com-
posed of condensed albuminous matter, of a

laminated texture, and contains a limpid co-

lourless fluid, with a little albuminous and a

greater proportion of gelatinous substance.

The properties by which we recognize the

Acephalocyst as an independent or individual

organized being are, first, growth, by intrinsic

power of imbibition ; and, secondly, reproduc-

tion of its species by gemmation. The young
Acephalocysts are developed between the layers

of the parent cyst, and thrown off either inter-

nally or externally according to the species.

As the best observers agree in stating that

the Acephalocyst is impassive under the appli-

cation of stimuli of any kind, and manifests

no contractile power either partial or general,

save such as evidently results from elasticity,

in short, neitlier feels nor moves, it cannot, as

the animal kingdom is at present characterized,

be referred to that division of organic nature.

Jt would then be a question how far its

chemical composition forbids us to rank the

Acephalocyst among vegetables. In this king-

dom it would obviously take place next those

simple and minute vesicles, which, in the

aggregate, constitute the green matter of
Priestly, (Protococcus viridis, Agardh;) or

those equally simple but differently coloured

Psi/chudiaria, which give rise to the red

snow of the Arctic regions, (Protococcua Ker-
mesianus.) These " first-bom of Flora" con-
sist in fact of a simple transparent cyst, and
propagate their kind by gemmules developed
from the external surface of the parent.

Or shall we, from the accidental circum-

stance of the Acephalocyst being developed
in the interior of animal bodies, regard it, as

Rudolphi would persuade, in the same light

as an ulcer, or pustule,—as a mere morbid pro-

duct?

The reasons assigned by the learned Pro-

Acejjhalocj/ttii endogena.

fessor* do induce us to consider the Aceplialo-

cyst as a being far inferior in the scale of orga-

nization to the Ci/KlUercus ; but still not llie less

as an independent organized S|)ecies, sharing its

place of development and sphere of existence

in common with the rest of tlie Entoioa.

Acephulocystis endogena. Pill-box Hydatid

of Hunter, (fig. 56). This species is so called

from tlie circum-

Fig. 56. stance of the gem-
mules being detach-

ed from the internal

surface of the cyst,

where they grow,

and, in like man-
ner, propagate their

kind, so that the

successive genera-

tions produce the

appearance descri-

bed by Hunter and

other pathologists.

The membrane

of the cyst is thin, delicate, transparent, or

with a certain pearly semi-opacity; it tears

readily and equally in every direction, and

can, in large specimens, be separatetl into

laminx. The phenomenon of endosmose is

readily seen by placing the recent Acepha-

locyst in a coloured liquid, little strearns of

which are gradually transmitted and mingle

with the fluid of the parasite. The vesicles or

gemmules, developed in the parietes of the

cyst, may be observed of different sizes, some

of microscopic dimensions, others of a line in

diameter before they are cast off, see fig. 56,

where a shows the laminated membrane, 6 the

minute Acephalocysts developed between its

layers.

The Acephalocyst of the Ox and other Ru-

minant Animals differs from that of the Hu-

man Subject in excluding the gemmule from the

external surface, whence the species is termed

Acephalucyttis exogena by Kunl. Both kinds

are contained in an adventitious cyst, com-

posed of llie condensed cellular substance of

the organ in which they are developed.

The Genus Echinococcus is admitted by

Rudolphi into the Order Cystica, less on ac-

count of the external globular cyst, which,

like tlie Acephalocyst, is unprovided with a

head or mouth, than from the suucture

of the minute bodies which it contains,

and which are described as possessing: the

armed and suctorious head characteristic of

the Cxnuri and Cysticerci. It must be ob-

served that Rudolphi-t does not ascribe this

• Mihi, quidem, ea tandem hydatis animal

vivum vocatur, quae vilam propriam degit iiti t>'ys-

ticeiti, Cofnuri, &c. Qua: aulcm organismi alieni

(v. c. humani) paniculiim efBcit animal, me
jadice, dici nequit. Mottua non eat, qnamdiu

or(!anismi partem sistit, uii etiam nlcua, puitula.

efBorescentia ; »cd hxc iJcu non sunt animalia.—

Svfwpa. EntoB. p. 551.

t Vcriniculi glohosi, •iibglobosi, obovati, obcor-

dati, etc.
;

pro capite plus minus vcl cxscito vel

rciracto: posiicc mox obtusissimi, moa obtusi, mox

aculi. Corona uitdAidanuK, uti vidclur, duplex.
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complicated structure to the vermiculi of the

Human Ixhltu'cocctis on his own authority,

and speaks doulftfully respecting tlie coronet

of hooltlcts and suctorious mouths of the ver-

miculi contained in the cyst of the Echitwcucciis

of the Sheep, Hog, &c.

Tlie Echinococcus /lominis, (Jig. 57,) wliich

occurs in cysts in the

Fig. 57. liver, spleen, omen-
tum, or mesentery, is

composed ofan exter-

nal yellow coriace-

ous, sometimes crus-

taceous tunic, and an

internal transparent,

firm, gelatinous

membrane. The form
of the contained ver-

miculi is represented

in the magnified view

subjoined, (fg. 58,) taken from the Elininto-

grafia fiumuna of Delle Chiaje.

Ki.'. 58.

Echinococcus homiuis.

Vermiculi of Echinococcus hominig, highly maffnijied.

Miiller* has recently described a species of

Echinococcus voided with the urine by a young

man labouring under symptoms of renal disease.

The tunic of the containing cyst was a thick

white membrane, not naturally divided into

lamina ; the animalcules floating in the con-

tained fluid presented a circle of booklets and

four obtuse processes round the head ; the pos-

terior end of the body obtuse : some of them
were inclosed in small vesicles floating in the

large one ; others presented a filamentary pro-

cess at their obtuse end, probably a connecting

pedicle which had been broken through.

Of the species entitled Echinococcus veleri-

vorum we liave carefully examined several in-

dividuals soon after tliey were extracted from

the recently-killed animal, (a sow, in wliich

they existed in great abundance in cysts in the

abdomen.) The conUiining cysts were com-
posed of two layers, artificially separable,

both of a gelatinous texture, nearly colourless

and subtransparent, the external one being the

firmest. The contained fluid was colourless

and limpid, with a few granular bodies floating

O^cuirt suctoria quatiior ; an ha?c in omnibus ? Ipse
saltnm in suia Echinocucci$ non vidi, sed dtim Be-
rolini recpns examinarern, niicroscopio solito et

bono dcKlitutiis rram.

—

Hist. Entoz.
• Archiv fur Physiol. (Jahrcsbericlu), 183(».

in it, and immense numbers of extremely mi-

nute particles applied but not adherent to the

internal surface of the cyst. On examining

these particles with a high magnifying power,

they were seen to be living animalcules of an
ovate form, moving freely by means of superfi-

cial vibratile cilia, having an orifice at the smaller

end from which a granular and glairy substance

was occasionally discharged, and a trilobate de-

pression at the greater and anterior extremity

produced by the retraction of part of the body.

I watched attentively and for a long period a

number of these animalcules in the hope of

seeing the head completely protruded, but with-

out success. On compressing the animalculie

between plates of glass, a group of long, slen-

der, straight, sharp-pointed spines became vi-

sible within the body, at its anterior part, and
directed towards the anterior depression, pre-

cisely resembling the parts described and fi-

gured by Ehrenberg as the teeth of the Foly-

gastric Infusories ; the rest of the body was
occupied by large clear globules, the stomachs?
and smaller granules. Animalcules thus orga-

nized, it is evident, cannot be classed with cystic

Entozoa, but must be referred to the Polygastric

Infusoria.

The globular cyst which is commonly deve-

loped in the brain of Sheep differs from the

Echitwcoccus in having organically attached to

itanumber of small vermiform appendages, pro-

vided severally with suctorious orifices, and an

uncinated rostellum, similar to those in the head
of the Armed Taenia;. But as this cystic genus,

denominated Canurus, (xoi»o?, communis, nu^oc,

ciiudu, from the terminal cyst being common
to many bodies and heads,) is not met with in

the human subject, a simple notice of it is here

sufficient.

When the dilated cyst forms the termina-

tion of a single Entozoon, organized as above

described, it is termed Cysticercm, (xuo-Ttf)

vesica, xifxoj, cuiula), and of this genus there

are several species, distinguished for the

most part by the forms and proportions of

the neck or body intervening between the

head and the cyst ; as for example, the Cyst,

fuscioliiris. Cyst, fistuluris, Cyst. longicoUis,

Cyst. tenuicolUs, &c. The only species of

this genus known to infest the human body

is the Cysticercus ccltulostc, llud. (the Hydatis

Finna of lilumeiibach). It is developed,

like the Trichina, in the interfascicular cel-

lular tissue of the muscles, and, like it, is in-

variably surrounded by an adventitious cap-

sule of the surrounding substance condensed

by the adhesive inflammation. Fig. 59 exhi-

Fig. 59.

Purtil tmt^cle, with Cysticercits ccUulosa;.
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bits a portion of muscle thus infested ; a the

adventitious cyst laiil open, exposing the Hy-
datid ; u' the adventitious cyst elongated by the

extension of the head and neck of the inclosed

hydatid b in the direction of the muscular fibres.

The cysticercus itself sometimes attains the sire

exhibited in Jig. 60, in which a indicates the

Fig. 60. Fig. 61.

I

eellutotar.

Uagni/kd head of CfHicenu mttulota:.

head, 6 the neck or body, and c the dilated

vesicular tail. Fig. 61 exhibits the head
sufficiently magnified to show the uncinated
rostellum or proboscis d for irritation and
adhesion, and the suctorious discs e e for im-
bibing tlie surrounding nutriment.

The occurrence of this Entozoon in the Hu-
man Subject api)ears to be less common in this

country than on the Continent. In the course

of five yeare we have become acquainted with
only two cases, one in a subject at the Dis-
secting-Hoonis of St. Bartholomew's, the other
in a subject at the Webb-street School of Ana-
tomy. Kudolphi relates that out of two hun-
dred and fifty bodies dissected annually at the

Anatomical School of Uerlin, from four to five

were found through nine consecutive years to

be infested more or less copiously with the

Cysticercus celtulosit ; for the most part tlie

subjects had been of the leucophlegmatic
temperament, but not affected with ascites or

anasarca. Tlie muscles most obnoxious to

the Entozoon in question are the glutuei, psoas,

iliacus internus, and the extensors of the thigh;

they have been found also in the muscular
tissue of the heart, and in parts not muscular,
as tlie brain and eye. Soemmering delected

one specimen of the Cysticercus cellulose

in the anterior chamber of the eye of a young
woman set. 18.* The followini? is a more re-

cent account of a specimen which was deve-
loped in the anterior chamber of the eye of a
patient in the Glasgow Ophthalmic Infirmary.

" Cosf.—From the month of August, 1832,
till about the middle of January, 1833, when
she was first brought to Mr. Logan, the child

had suffered repealed attacks of inflammation
in the lel't eye. Mr. L. found the cornea so

nebulous, and the opi.thalmia so severe, that he
dreaded a total loss of sight. He treated the

case as one of scrofulous ophthalmia; and alter

the use of alterative medicines, and the appli-

cation of a blister behind the ear, the inflam-

" Sec Isis, 1830, p. 717, a? quoted by N'ord-
mann, Mikrugraphis'^Ue lieitra^c zur Nuturgct>ci.iLt«

ilcr wirlcllobcnthicre.

matory symptoms subsided, leaving, however,

a slight opacity of the lower part of the coniea.

After a week, the child was agam brought to

Mr. L., who, on examining the eye, disco-

vered, to his great surprise, a semitnmsparent

body, of about two lines in diameter, floating

unatuiched in the anterior chamlier. Tliis

body ap])eared almost perfectly spherical, ex-

cept that there proceeded from its lower edge

a slender process, of a white colour, with a

slightly bullwus extremity, not unlike the pro-

bo.scis of a common fly. Tliis process Mr. L.

observed to be of greater specific gravity than

the spherical or cystic portion, so that it always

turned into the most depending position. He
also remarked that it was projected or elongated

from time to time, and again retracted, so as

to be completely hid within the cystic portion ;

while this, in its turn, assumed various changes

of form, explicable only on the supposition of

the whole constituting a living hydatid.

" On the 3d April, when I examined the case,

I found the cornea slightly nebulous, the eye

free from inflammation and pain, and the ap-

pearances and movements of the animal exactly

such as described by Mr. Logan. When the

patient kept her head at rest, as she sat before

me, in a moderate light, the animal covered

the two lower thirds of the pupil. Watching
it carefully, its cystic portion was seen to be-

come more or less spherical, and then to assume
a flattened form, while its head I saw at one

moment thrust suddenly down to the bottom

of the anterior chamber, and at the next drawn
up so completely as scarcely to lie visible. Mr.
Meikle turned the child's head gently back,

and instantly the hydatid revolved through the

aqueous humour, so that the head fell to the

upper edge of the cornea, now become the

more depending part. On the child again

leaning forwards, it settled like a little balloon

in its former 'position, preventing the patient

from seeing objects directly before her, or

below the level of the eye, but permitting the

vision of such as were placed above. Mr.
Logan had obscr\'ed no increase of size in the

animal while it was under his inspection. Mr.
Meikle had watched it carefully for three weeks

without observing any other change than a

slight increase in the opacity of the cystic

jwrlion.
" To every one who had seen or heard of Mr.

Logan's case, the question naturally occurred.

Ought not this animal to be removed from the

eye ? Mr. Logan and Mr. Meikle apjieared to

have deferred employing any means for destroy-

ing or removing it ; first, because it seenie<l to

be producing no mischief: and, secondly, be-

cause there was a probability that it was a

short-lived animal, and likely therefore sjieedily

to perish and shrink away, so as to give no

greater irritation than a shred of lenticular

capsule. \'arious means naturally suggested

themselves for killing the animal, such as

passing electric or galvanic shocks through the

eye, rubbing in oil of turpentine round the

orbital region, giving this medicine internally

in small doses, or putting the child on a course

of sulphate of quina, or some other vegetable
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bitter known to be inimical to the life of the

Entozoa. As the patient appeared to be in

perfect health, it was natural to suppose that

the other organs were free from hydatids, and
that a change of diet would have little or no
effect upon the solitary individual in t)ie aque-
ous humour. Had she, on the contrary, pre-

sented a cachectic constitution, with pale com-
plexion, tumid belly, debdity, and fever, none
of which symptoms were present, we should

have been led to suspect that what was visible

in the eye was but a sample of innumerable
hydatids in the internal parts of the body, and
might have recommended a change of diet,

with some hopes of success. In the course of six

weeks after 1 saw the patient, the cysticercus

having enlarged in size, the vessels of the con-

junctiva and sclerotica became turgid, the iris

changed in colour, and less free in its motions,
while the child complained much of pain in the

eye ; it was decided that the operation of ex-
traction should be attempted, and I owe to

Dr. Kobertson of Edinburgh, who operated, the

communication of the following particulars.

The incision of the cornea was performed with-

out the slightest difficulty, but no persuasion
or threats could induce the child again to open
the eye ; she became perfectly unruly, and the

muscles compressed the eye-ball so powerfully
that the lens was forced out, and the hydatid
ruptured. Tlie patient was put to bed in this

state. In the evening Dr. R. succeeded in

getting the girl to open the eyelids, when with
the forceps he extracted from the lips of the
incision the remains of the animal in shreds,
it being so delicate as scarcely to bear the
slightest touch. A portion of the iris remained
in the wound, which nothing would induce the
girl to allow Ur. R. to attempt to return.

" After the eye healed, the cornea remained
clear, except at the cicatrice, where it was only
semitransparent; the pupil, in consequence of
adhesion to the cicatrice, was elliptical, and the
opaque capsule of the lens occupied the pu-
pillary a))erture. The patient readily recog-
nized the presence of light."

The Cysticercus ceLlubsie occurs also in

quadrupeds, and is found most commonly and
in greatest abundance in the Hog, giving rise

to that state of the muscles which is called
" measly pork."

Of the Cestoid Order of Entozoa two species
belonging to different genera infest the Hu-
man Body. The Swiss and Russians are
troubled wiUi the Botliriuccpliulus talus; the
English, Dutch, and Germans with the Tcenui
solium: both kinds occur, but not simulta-
neously in the same individual, in the French.
It is not in our province to dwell upon the
medical remedies for these parasites, but we
may observe that the old vermifuge mentioned
by Celsus, viz. the bark of the pomegranate, is

equally efhcacious and safer perhaps than the
oleum tertbinthiinc commonly employed in
this countiy for the expulsion of the Tape-worm.

l''rom the singular geographical distribution,
as it may be termed, of the above Cestoid
para.sites, the Bot/mmr/i/mlus loins rarely falls

under the obseivatioii of llie iMiylish Knlozoo-

logist. It may be readily distinguished front

the Tienia solium by the form of the segments,

which are broader than they are long, and by

the position of the genital pores, which occur

in a series along the middle of one of the flat-

tened surfaces of the body, and not at the mar-

gin of each segment as in the Tania solium.

The head, which was for a long time a deside-

ratum in natural history, has at length been dis-

covered by Ikemser. It is of an elongated form,

two-thirds of a line in length, and presents, in-

stead of the four round oscula

Fig. 62. characteristicofthetrueTa-nifE,

two lateral longitudinal fossa;,

orbothria, (a a,Jig. 62, which
is a highly-magnified view of

the head of the Bothrivce-

plialus latus.)

The Temia solium (Jig. 63)
attains the length of from four

to ten feet, and has been ob-

served to extend from the pylo-

rus to within seven inches of

the anus of the human intes-

tine.* I ts breadth varies from

one-fourth of a line at its an-

terior part to three or four

lines towards the posterior part

of the body, which then again

diminishes. The head is small,

Heiid of Bothria- and generally hemispherical,
ceplialw latua broader than long, and often
vmgnijied.

^^ jf truncated anteriorly : the

Fig 63.

TtEnia solium^ two-thirds natural size.

* S:c Robin, in J urnal dc Mcdecinc, torn. xxv.
(!?«);, p. 222.
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four moulhs, or oscula, are sitiintcd on the

anterior surface, (u. Jig. 03,) and sunound
the central rostellutn, which is very short, termi-

nated by a minute apical papilla, and surround-

ed by a double circle of small recnrvcd hooks.

The segments of the neck, or anterior part of the

body, are represented by transverse ruga;, the

marginal angles of which scarcely project be-

yond the lateral line ; the succeeding seg-

ments are subquadrate, their length scarcely

exceeding their breadth, they then become sen-

sibly longer, narrower imteriorly, thicker and

broader at the posterior margin, which slightly

overlaps the succeeding joint ; the last series of

segments are sometimes twice or three times as

long as they are broad. The generative orifices

(A, 6) are placed near the middle of one of the

iiianjins of each joint, and are generally alter-

nate.

The Tienia solium is subject to many varieties

ofform or malformations; the head has been ob-

served to present six oscula instead of four. In

the Imperial Museum at Vienna, so celebrated

for its entozoological collection, there is a por-

tion of a Tienia sutiuiii, of which one of the

margins is single and the other double, as it

were two taenia; joined by one margin. In the

Museum of the College of Surgeons is preserved

afra;4meiitof the Tsenia solium of unusual size;

it swells out suddenly to the breadth of three-

fourths of an inch with a proportionate deeree

of thickness, and then diminishes to the usual

breadth.*

The species of Ticnia infesting tlie intestines

of otiier animals are extremely numerous, ne-

vertheless they are rare in Fishes, in which they

seem to be replaced by the Bothriucephuli and

Ligulie. The determination of the species in

this, as in every other natural and circumscribed

genus, is extremely difficult and often uncer-

tain : their study is facilitated by distributing

them into the three following sections, of which

the first includes those species which are de-

prived of a jjroboscis, Ttrnia incrmes; the

second those which have a proboscis, but un-

armed, Tatiia rosteiUila; the

third the Tape-worms with an

uncinated proboscis, '1 tenia ar-

tiiatte.

The Trematode Order, which
is the most extensive division of

the Parenchymatous class of En-
tozoa, and embraces the greatest

number of generic forms, in-

cludes only two species infesting

the human body, one of which,

the liver-fluke ( Distomii heputi-

cum), is extremely rare, and the

other ( Poti/stoiiiu Fiiigutcula)

somewhat probleinalical.

The Distoma heputieum (J!g.

64) is found in the gall-bladder

and ducts of the liver of a variety

of quadrupeds, and very com-
monly in the Sheep. VV hen it

occurs ill the Human species, it

is generally developed in the

Fig. 64.

Disioma hefia^

ticum, lu'ice

natural tixe.

* Sec Catal. of Nat. Hut. No. 216.

same locality. The form of tliis species of En-
tozoa is ovate, elongate, flattened ; the anterior

pore or true mouth (a) is round and small, the

posterior cavity (6), which is imperforate and
subservient only to adhesion and locomotion,

is large, transversely oval, and situated on the

ventral surface of the body in the anterior

moiety. Between these cavities there is a third

orifice (c) exclusively destined, like the orifice

on each joint of the Taenia, to the generative

system ; and from which a small cylindrical

process, or lemniscus, is generally protruded in

the full-sized specimens.

The form of the body is so different in the

young Dislomulu, that Kudolphi was induced

to believe the specimens from the human gall-

bladder which were in this state, to belong to

a distinct species, which he termed lanceo-

lutum ; this modification, which is wholly de-

pendent upon age, is shown in tlie subjoined

figure ; and we shall hereafter have to notice the

more extraordinary changes, amounting to a
metamorphosis, which the Dittomata infesting

the intestines ol Fish undergo.

The Puli/sUnna Pingiticola was discovered

by Treutler, in tlie cavity of an indurated adi-

pose tubercle, in the \eh ovarium of a female,

atat. 20 ; it is represented in situ, at A, Jig. 62.

Its natural size and shape
is shewn at B, the body is

depressed,subconvexabove,

concave below, subtruncate

anteriorly, a little contracted

behind the head, pointed at

tlie posterior extremity. On
the under side of the head
C, there are six orbicular

f
lores disposed in a semi-

unar form : a larger sucto-

rioiis cavity occurs on the

ventral aspect at the begin-

ning of the tail (6 B), and a
small orifice is situated at

the apical extremity.

A second species of Po-
lystoma ( Foli/stoma Vaia-
rum), stated by Treutler to

have been situated in the

anterior tibial vein of a Man,
which was accidentally ruptured while bathing,

is generally supposed to have belonged to a

species of Fluiiuriu, and to have been acci-

dentally introduced into the strange locality

above-mentioned.

The worms of the Trematode order are those

which are most frequent in the interior of the

eyes of different animals, perhaps the most

singular situation in which Entozoa have as yet

been found, and respecting which much in-

teresting information has recently been given

by Dr. Nordmaiin, in the first part of his

beautiful work entitled " Mikroijrapliische

Beitriige zur Naturgeschicte der Wirbellosen

Thiere." Of the species described and figured

in that work, we have selected for illustration

the Diplostumum volvens.

Fig. 60 exhibits a magnified view of the

vitreous humour of a Perch ( FercuJluviutUis,

J.inn.) coDtaining numerous specimens of tliis

Poljfgtoma

Pinyuicola,
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Fig. 66.

Diplostomwn volveru in the eye of a Perch,

parasite, which sometimes exists in such pro-

digious numbers, that the cavity of the eyeball

is almost exclusively filled by them. They
not only infest the vitreous but also the aqueous
humours, and have been found in the choroid

gland.

All the species of Diplostomum are very

small, seldom exceeding a sixth part of a line

in length. They resemble the genus Distoma,
and present some affinity to the Cercariie,

which infest the fresh-water Snails ; but they
have characters peculiar to themselves which
entitle them to rank as a distinct genus ; of
these the principal external one is the addi-
tional sucker developed on the ventral aspect

of the body, as compared with Distmiia,

whence Nordmann calls the genus Diplostn-

mum, though Diplo-coli/lus would be the more
appropriate designation, since, as before ob-
served, the ventral depressions are simply
organs of adhesion, and have no communication
with the alimentary canal. Besides the suckers
the Diplostomum has an anterior mouth (ti,Jig.

81), as in the Dixtoma. The first or anterior

sucker (b,fg. 81 ) is twice the size ofthe mouth

;

and the second Cf,^g.81) is again double the

size of the former. As the figure shows the
vessels from the dorsal aspect, these suckers
can only be seen in outline. The animal has
great power over them and can contract the
parenchyma of the body surrounding them,
so as to make them project like rudimental
extremities fi'om the ventral surface.

It has been already observed that no species
of the Acanthoeeplialous order of Entozoa has
hitherto been found in the Human body, the
illustration of this form of the Sterclminlha
will therefore be confined to the section treat-

ing of tlie general anatomy of the Kntozoa.
The Class Coclelmintha contains several

species of Entozoa which are obnoxious to

man ; of these may be first mentioned the
Medina or Guinea-worm ( Filaria Medinensis,
Gmel.) This species is developed in the sub-
cutaneous cellular texture, generally in the
lower extremities, especially the feet, sometimes
in tlie scrotum, and also, but very rarely, be-

Fig. 67. neath the tunica conjunctiva

of the eye. It appears to be
endemic in the tropical regious

of Asia and Africa.

The length of this worm
varies from six inches, to two,

eight, or twelve feet; its thick-

ness from half to two-thirds

of a line; it is of a whitish

colour in general, but some-
times of a dark brown hue.
The body is round and sub-

equal, a little attenuated to-

wards the anterior extremity.

In a recent specimen of small
size, we have observed that the

[ orbicular mouth was surround-

I

ed by three slightly raised

swellings, which were conti-

nued a little way along the

body and gradually lost ; the
body is traversed by two lon-

gitudinal lines corresponding
to the intervals ofthe two well-

marked fasciculi of longitu-

dinal muscular fibres. The
caudal extremity of the male
is obtuse, and emits a single

spiculum ; in the female it is

acute and suddenly inflected.

The Filiiriu Medinensis, as

has just been observed, is oc-
casionally located in the close

vicinity of the organ of vision ;

but another much smaller spe-
cies of the same Genus of
Nematoidea infests the cavity

of the eyeball itself.

The Filaria oculi huinmii
was detected by Nordmann in

the Lii/iwr Morgagni of the

capsule of acrystallme lens of
a man who had undergone the

operation of extraction for ca-
taract under the hands of the

Baron von Giiife. In this in-

stance llie capsule of the lens

had been extracted entire, and
upon a careful examination
half an hour after extraction

therewereobservedin the fluid

above-mentioned two minute
and delicate Filaritc coiled up
in the form of a ring. One of
these worms, when examined

microscopically, presented a rupture in the mid-
dle of its body, probably occasioned by die ex-
tracting needle, from which rupture the intesti-

nal canal was protruding ; the other was entire

and measured three-fourths of a line in length ;

it presented a simple mouth without any appa-
rent papilla-, (as are observed lo characterize

the large Filaria which infests the eye of the

Horse,) and through the transparent integument
could be seen a straight intestinal canal, sur-

rounded by convolutions of the oviducts, and
terminating at an incurved anal extremity.

Tlie third species of Filaria enumerated
among the Entozua Uominis is the Filaria

Filaria Medinertsis. .
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Filaria bnmchiaUSf
maynijied.

bronchialis (Jig. 68); it was detected by Treut-

Icr* in llie enlarRed

Fig. OB. bronchial glands of a

man : the length of this

worm is about an inch ;

it is slender, subatlen-

uated anteriorly («),

and emitting the male
spiculum from an in-

curved obtuse anal ex-

tremity (6).

The next Human
Entozoon of the Ne-
matoid order belongs

to the genus Triclio-

cephaliLi, which, like

tilariu, is character-

ized by an orbicular

mouth, but differs from

it in the capillary form

of the anterior part of

the body, and in the

form of the sheath or

preputial covering of

the male spiculum. Tlie species in question,

the Tricoceplialus dispar, Kud. is of small size,

and the male (•
fig. 69) is rather less than the

female. It occurs most commonly in the

coecum and colon, more rarely in the small

intestines. Occasionally it is found loose in

the abdominal cavity, having perforated the

coats of the intestine. The capillary portion

of this species makes about two-thirds of its

entire length ; it is transversely striated, and
contains a simple straight intestinal canal

;

the head (n) is acute, with a small simple

terminal mouth. Tlie thick part of tlie body
is spirally convoluted on the same plane, and
exhibits more plainly the dilated moniliform

intestine (A) ; it terminates in an obtuse anal

extremity, from the inner side of which pro-

ject the intromittent spiculum and its she.ith

(f, d). The corresponding extremity in the

female exhibits a simple foramen, which, like

the outlet of a cloaca, serves the office of both

anus and vulva.

With respect to the following parasite of the

Human body, the Spiroptera Hominis, Rud.,
considerable obscurity prevails. A poor wo-
man, who is still living in the workhouse of

the parish of St. Sepulchre, London, has been
subject, since the year 1806, (when she was
twenty-four years old,) up to the present time,

to retention of urine, accompanied with dis-

tress and rain indicative of disease of the

bladder. The catheter has been employed
from time to time during this long period to

draw oH' the urine, and its application has

been, and continues occasionally to be, followed

by the extraction and subsequent discharge of

worms, or vermiform substances, with nume-
rous small i;r.inular bodies. The latter are of

uniform size, resembling small grains of sand :

those which we have examined, and which were
preserved in spirit, present a subglobular, or

irregularly flattened form; but when recently

• Opusc. Puiholog. Anat. p. 10, tab. ii. fig. 3

—

7. Hamularia Lymphaiica.

Fig 69.

Trichocephaliu dispar. ('Natural lite.)

expelled, I am assured by my friend Eh-.

Arthur Farre, that they are perfectly spherical ;

•hey consist of an external smooth, firm, dia-

phanous coat, including a compact mass of

brown and minutely gi-anular substance. The
inner surface of the containing capsule pre-

sents, under the microscope, a regular, beau-

tiful, and minute reticulation, produced by

depressions or cells of a hexagonal form.

These, therefore, we regard as ova, and not as

fortuitous morbid productions.* The vermi-

* Ovula vcro sic diiu subglobou cum areualis
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form substances are elongated bodies of a

moderately firm, solid, homogeneous texture,

Tarying in length from four to eight inches

;

attenuated at both extremities; having the

diameter of a line lialf-way between the ex-
tremities and the middle part, where the body
is contracted and abrujitly bent upon itself.

Some are irregulaily trigonal, others tetragonal.

In the three-sided specimens one surface is

broad, convex, and smooth; the other two are
narrow and concave, and separated by a nar-

row longitudinal groove, in which is sometimes
lodged a filamentary biown concretion. In
the tetragonal portions the broad smooth sur-

face is divided into two parts by the rising of
the middle part of the convexity into an angle.

Tlie most remarkable appearance in these am-
biguous productions is the beautiful crenation

of one of the angles or ridges between the

convex and concave facet; which, from its

regularity and constancy, can hardly be ac-

counted for on the theory of their nature and
origin suggested by Rudolphi : ' lymphamque
in canalibus fistulosis coaclain passimque com-
pressam filum inaquale efformare ciediderim.'*

On the other hand it is equally difficult to form
any satisfactory notion of these substances
as organized bodies growing by an inherent
and independent vitality. We have not been
able to observe a single example in which the
substance had both extremities well defined
and unbroken ; these, on the contrary, are
flattened, membranous, and more or lessjagged
and irregular. They present no trace of ali-

mentary or generative orifices on any part of
their exterior surfate, nor any canals subser-
vient to those functions, in the interior paren-

Fig. 70.

Splropfera hoininis. (^Natural sixe.)

per cathetercm ex vesica paupercuIiE educta, ne-
quaquam talia habeiKU sunt. Corpuscula sunt
plus minus globosa, tertiam linc£ parieiu diametro
superantia, duriuscula, forcipi conipriinenti reni-
tentiii, disHpcta solida visa, quomiiiu^ pro h^datulis
hab(;ri possint, quales pjriino suspicatus sum. Con-
cremeuta: sunt lyinphatica in vesica imorbosa ex
humolit)iis ali'Miatis ihiileiu sccrctis, simili forsan
iiiodu acarfuiil.t ex loiio praicipilala."— iiw/o//;/!/,

Hi/mi/is. KiUuz, \i. 251.
' Ibid. p. 252.

chyma. If subsequent observations on re-

cently expelled specimens of these most
curious and interesting productions should,

however, establish their claims to be regarded

as Enlozoa, they will probably rank as a sim-
ple form of Sttrelmintha.*

The existence of the Spiroptera Hominis is

founded on the observation of substances very

different from the preceding productions. The
specimens so called were transmitted to Ru-
dolphi, in a separate phial, at the same time
with the ova and lai'ger parenchymatous bodies
above described, and are presumed to have
been expelled from the same female under the

Slime circumstances. They consisted of six

small Nemaloid worms of different sexes;

the males (Jig. 70*) were eight, the females ten

lines in length, slender, white, highly elastic.

The head («, Jig. 70) truncated, and with
one or two papilla: ; the mouth orbicular, the

body attenuated at both extremities, but espe-
cially anteriorly. The tail in the female
thicker, and with a short obtuse apex; that of
the male more slender, and emitting a small

mesial tubidus (c), probably the sheath of the

penis: a dermal aliform production near the

same extremity determines the reference of this

Entozoon to the genus Spiroptera.

There are no specimens of this Entozoon
among the substances discharged from the

urethra of the female, whose case is above
alluded to, which are preserved in the Museum
of the College of Surgeons.

The following parasite of the urinary appa-
ratus, concerning which no obscurity or doubt
prevails, is the Strongifliis gigus fy/g. 71), the

giant not only of its genus but of the whole
class of cavitary worms. This species is de-

veloped in the parenchyma of the kidney
itself, and occasionally attains the length of
three feet, with a diameter of half an inch.

A worm of nearly this magnitude, which oc-

cupied the entile capsule of the left kidney,

of the parenchyma of which it had occasioned

the total destruction, is preserved in the collec-

tion of the Royal College of Surgeons.

The male Sinmgj/tus gigos is less than the

female, and is slightly attenuated at both ex-

tremities. The head (a) is obtuse, the mouth
orbicular, and surrounded by six hemispherical

papillae (*); the body is slightly impressed

with circular striae, and with two longitudinal

impressions ; the tail is incurved in the male,

and terminated by a dilated pouch or bursa, from

the base of which the single intromittenl spi-

culum (i) projects. In the female the caudal

extremity is less attenuated and straighter,

with the anus (c) a little below the apex : the

vulva (J, Jig. 95) is situated at a short distance

from the anterior extremity.

nie Strovgiilus gigus is not confined to the

Human Subject, but more frequently infests

the kidney of the Dog, Wolf, Otter, Raccoon,
Glutton, llorse, and bull, it is generally of

a dark blood-colour, which seems to be owing

• These bodies are figured in the excellent ac-

count of ibe present ant^malous case by Mr. Law-
rence, in the Medico - Chirurgical Transactions,
vol. ii. pi. 8, p. 385.
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Fig. 71.

[

fj
*-

Sirongylus gigas, malet

to the nature of its food, whicli is derived from

the vessels of tlie kidney, as, where suppuration

has taken place around it, the worm has been

found of a whitish hue.

The Round-worm (Ascaris Lumbricoidei,

Linn.) (Jig. 7i) is the first described* and

most common of the Human Entozoa, and

is that which has been subjected to the most

re|x;ated, minute, and successful anatomical

examinations. It is found in the intestmes of

Alan, the Hog, and the Ox. In the Human
subject the round worms are much more com-

mon in children than in adults, and are ex-

tremely rare in aged persons. They are most

obnoxious to individuals of the lymphatic tem-

perament, and such as use gross and indi-

gestible food, or who inhabit low and damp

• It is the iX/iii»c o-Tpoy)i;Xot of Hippocrates.

Fig. 72. localities. They eencrally occur
tr in the small inlcstiiu's.

The bo<ly is round, elastic, with

a smooth shining surface, of a
whitish or yellowish colour ; atte-

nuated towards both extremities,

but chiefly towards the anterior

one (a,Jig.Ti), which commences
abruptly by three tubercles which
surround the mouth, and charac-

terize the genus. The posterior

extremity (6) terminates in an ob-

tuse point, at tlie apex of which a
small black point may frequently

be observed. In the female tliis

extremity is straighter and thicker

tlian in the male, in which it is

terminated more acutely, and is

abruptly curved towards the ventral

side of the body. The anus is

situated in both sexes close to the

extremity of the tail, in form like

a transverse fissure. In the female

the body generally presents a con-

striction at the junction of the an-

terior with the middle third (c) in

which the vulva (d) is situated.

The body of the Aacarii tumbri-

coides is transversely furrowed with

numerous very fine stria;, and is

marked with four longitudinal equi-

distant lines extending from the

head to the tail. Tliese lines are

independent of the exterior enve-

lope, which simply covers them

;

two are lateral, and are larger tlian

the others, which are doreal and
ventral. The lateral lines com-
mence on each side the mouth,
but, from their extreme fineness,

can with difficulty be perceived

;

they slightly enlarge as they pass

downwards to about one-third of
a line in diameter in large speci-

mens, and then gradually dimmish
to the sides of the caudal extremi-

ty. Tliey are occasionally of a red

colour, and denote the situation of

the principal vessels of the body.

The dorsal and abdominal longitu-

dinal lines (e. Jig. 72) are less

marked than the preceding, and
by no means widen in the same
proportion at the middle of the

body. They correspond to the two

nei-vous chords, hereafter to be

described.

The last species of Human En-
tozoon which remains to be noticed

is the Aicuris vermiculuris (Jig. 73),

a small worm, also noticed by Hip-

pocrates under the name oiavxanf,
and claiming theattention ofall phy-

sicians since his time, as one of the

most troublesome parasites of chil-

, i"^"^ dren, and occasionally of adults

;

in both of whom it infests the larger

intestines, esi)ecially the rectum.

ITie size of the Axarii vermicularis varies
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Fig. 73.

*

according to the sex ; the males rarely equal

two lines in length ; the females attain to five

lines {*J'e. 73.) They are proportionally slen-

der, white, and hignly elastic. The
head is obtuse, and presents, ac-

cording to the repeated observa-

tions of the experienced Rudolphi,

B^m
the three valvular papiUoe charac-

^1 teristic of the genus Ascaris ; but

^V other Helminthologists, who have

^B failed in detecting this organization,

refer the species to the genus

Oxyuris. Besides the papillas the

head presents a lateral, seini-obo-

vate membrane on each side, the

broader end being anterior. The
body soon begins to grow smaller,

and gradually diminishes to a su-

bulate straight extremity in the

female. In the male the posterior

extremity is thicker, and is spirally

inflected and terminates obtusely

;

the head is narrower than in the

female.

In the following tabular arrange-

ment of the internal parasites of
the Human body, they are disposed

Atcaruver-
jj, jj,g dassgs to which they appear

T'lfaiural
respectively to belong according to

tixe of their organization

.

/emaie.J

ENTOZOA UOMINIS.
Classis PsYCiiODiARiA, Bory St. Vincent.

1. Acephalocystis endogena, cui locus

Hepar, cavum Abdominis, &c.
2. Echinococcus Uominis, Hepar, Lien,

Omentum.
Classis PoLYGASTRiCA, Ehrenberg.

3. Animalcula Echinococci, Hepar, &c.
in Echinococco abdita.*

Classis Protelmintha.
4. Cercaria Seyninis, Semen virile.

5. Trichina spiralis, Musculi voluntarii.

Classis Sterelmintha.
6. Ct/sticercus cellulose, Musculi, Cere-

brum, Oculus.

7. Tania Solium, Intestina tenuia.

8. Buthriocepalus lalus, Intestina tenuia.

9. Polystoma Pinguicola, Ovaria.

10. Distoma hepaticum. Vesica fellea.

Classis CCELELMINTHA.
1 1 . Filaria Medinensis, Contextus cellu-

losus.

12. Filaria oculi, Cavum Oculi.

13. Filaria bronchialis, Glanduls bron-
chiales.

14. Tricocephalus dispar, Caecum, Intes-

tina crassa.

15. Spiroptera hominis. Vesica urinaria.

16. Strorigylus gigas, Ren.
17. Ascaris lumbricoides, Intestina tenuia.

18. Ascaris vermicularis, Intestinum rec-

tum.

Anatomy of the Entozoa.
Tegumenlary System.—There are few spe-

• These may be considered rather as the Para-
aites of the Echinococcus than of the human sub-
jecu

cies of the Sterelmintha in which a distinct

external tegumentary covering can be demon-
strated. In the Cystic, Cestoid, and most of
the Trematode worms, the parenchymatous
substance of the body is simply condensed at

the surface into a smooth and polished corium
of a whitish colour, witliout any development
of pigmental or cuticular layers. The various

wrinkles and irregularities, wliich the super-

ficies of these Entozoa frequently presents,

result from the action of tlie contractile tissue

of the corium : this substance, in the larger

Tanite, begins to assume a fibrous disposition,

and tears most readily in the longitudinal di-

rection ; it can be more distinctly demonstrated
as a muscular structure in the larger species

of Trematoda. By maceration in warm water
the rugae of the integument disappear ; the

smooth external surface, so well adapted to

glide over the irregularities of a mucous mem-
brane, is then distinctly demonstrated ; and,
when magnified, an infinite number of minute
pores, variously disposed, are seen perforating

the whole surface, especially in the Acantho-
cephalous worms. It is these pores which, in

the dead worm at least, allow a ready passage
to the surrounding fluid into the interstices of
the parenchyma, where it sometimes accumu-
lates so as to swell out the body to three or
four times its ])revious bulk ; and it may be
readily supposed, therefore, that the skin here
performs some share in the nutrient functions,

by absorbing a proportion of tlie mucous or

serous secretions in which the Entozoa are

habitually bathed.

In the Acanthocephala the skin, which is

but little extensible and friable, is united to

the subjacent muscular fibres by means of a
whitish spongy tissue which adheres to it most
strongly opposite the dorsal and ventral longi-

tudinal lines or canals. As, however, the skin
is with difficulty changed by maceration, while

the parts which it surrounds soon go into

putrefaction, it can thus be easily separated

and demonstrated as a distinct substance. It

presents no definite fibrous structure under the

microscope, and tears with equal facility in

every direction.

In a large Trematode worm, the Distoma
clavatum, Rud., wliich infests the intestines

of the Albicore and Bonito, the body is pro-

tected by a crisp sub-diaphanous cuticle, re-

sembling in its structure and properties that of

the Echinorhynchus.

A similar covering may be demonstrated
very readily in the genus Linguatuta, among
the Ccelelmintha, and can be separated, but
with more difficulty, from the subjacent mus-
cles in the Ascarides. In the great Round-
worm (Ascaris lumbricoides) the integu-

ment is smooth and unctuous, is more exten-

sible in the longitudinal than the transverse

directions, tears with an unequal rupture like

a thin layer of transparent horn, and preserves

its transparency in solutions of corrosive sub-
limate, alum, and in alcohol. In this species,

in which the digestive canal is completely de-
veloped, it is worthy of remark that the mi-
croscope does not demonstrate pores in the

cuticle, as in the external covering of the
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Echinorh)i)clms and oUier stcrelmiiithoid

worms ; but a scries of extremely miimte close-

set |>arallcl transverse lines are brought into

view, which are permanent, and dc|)cnd on

the texture of the epidermoid substance itself.

Although a distinct and general epidermic

covering caimot be demonstrated in the more
simple Sterelmint/ia, the soft bodies of which

entirely dissolve after a few days' maceration,

and which, in animals examined soon after

death, are often found in consequence to have
lost their natural form, and to have degenerated

into a kind of mucus,* yet in most species

traces of the epidermic system are manifested

in some limited parts of the body : thus it a|>-

iiears in the form of hard transparent honiy

nook lets around die oral proboscis in the Cystic

genera, as in the Cysticercus ccUulnut (fig. Gl),

and most of the Cestoid worms. In the t'lori-

ceps, Cuv., these recurved spines are arranged

along the margins of four retractile tentacles,

which thus serve to fix the worm to the

slippery membranes among which it seeks its

subsistence. In the Trematode worms epider-

mic spines are .seldom developed ; the species

which infests the human subject (Distoma
hepalicum) presents no trace of them. When
they exist in this order, they are either confined

to the head, or are at the same time spread over

a greater or less proportion of the surface of

the body. Of the first disposition we have an
example in the Gri/porhynchua pmillus, (a tre-

matode worm infesting the intestines of the

Tench,) which manifests an affinity to the

Tien'uc annutte in its proboscis armed with six-

teen stiong recurved spines arranged in a
double circular series. In the Dijitmna trigo-

noceplialum there are two straight spines on
each side of the head. In Distuma anmilum
the head is entirely surrounded by similar

straight spines. In Distoma ferox the head
bears a circle of recun'ed spines. In Distoma
denliculfUum the head is surrounded by a series

of large straight spines, and there is a series

of smaller spines around the neck. In Dis-
toma spinuhaa the anterior part of the body is

beset with reflected spines ; and in the Dis-
toma perlutum, Nord., the whole surface of the

body is armed with booklets, arranged in

Fig. 74.

Proboscis of Echinorhynchtn gigaif magnijied.

' Rudolphi, Hist. Eiitoz. i.
i>.

230.

transverse rows, each being supported on a
cutaneous prominence and bent Imckwards,
(see./;g-9i;.

For a description of the complicated horny
and cartilaginous parts of the dermo-skeleion,
which enter into the mechanism of the suckers
of the worms belonging to the genera Dipto-
zoon and Oclobothrium, we are compelled from
want of space to refer the reader to Nordmann's
Mikrographische Beitiiige, ( Erstcs Heft.)

In the Acanthocep/iala the head, as the name
implies, is armed with recurved spines or
hooks, which are arranged in quincunx order

around a retractile proboscis, /'Jig. 74) ; and,
in addition to these, some species have smaller
and less curved spines dispersed over the neck
or body.

Among the Caldmintlia the genus Lingua-
tula is remarkable for the development of four

large reflected spines, arranged two on each
side the central mouth ; and which can be par-
tially retracted within depressions of an elon-
gated semilunar figure. The worm attaches
itself so firmly by means of the horny hooks
that it will suffer its head to be torn from its

body rather than quit its hold when an attempt
is made to remove it while alive. In the
Trichocephalus uncinatus the truncated head
presents at its anterior margin a series of hard
reflected hooks continued directly fit)m the
integument. In the Strongylus armalus, which
has sometimes a singular nidus in the me-
senteric arteries of the Horse and Ass, the
globose head is terminated anteriorly by straight

spines, but in the Slrongylus dentatus with
booklets. Lastly, we may notice the very
singular worm found by Uudolphi in the
oesophagus of the Water-hen, and which he calls

the Strongi/lus horridas, where the body presents
four longitudinal rows of reflected booklets.

The epidermic processes, when thus traced
through the different orders of Kntozoa, pre-
sent but few modifications of form, and
have little variety of function ; the straight

spines at the mouth serve to irritate and in-

crease the secretion of the membrane or cyst
with which the worm is in contact; the re-

curved booklets serve as prehensile instru-

ments to retain the proboscis and the worm
in its position; and when they are spread
over the surface of the body, they may have
the additional function of aiding in the loco-
motion of die species, analogous to the spines
which arm the segments of the (Estrus, which
passes its larva state, like an Entozoon, in the
interior of the stomach and intestines of a
higher organized animal.

Muscular system.—Although in every order
both of the Parenchymatous and Cavitary
worms, living specimens have b?cn observed
to exhibit sufticienUy conspicuous motions, yet

the muscular fibre is not always distinctly eli-

minated in them. In the Cysticerci, however,
Uudolphi describes two bundles of fibres as

arising from die inferior part of the body, and
expanding ujmn the upper part of the cyst.

We have traced corresponding fibres extending
to the head in a \aTge Cysticercus tcnuicoUit;

which fibres were doubtless the princijal agents



128 ENTOZOA.

in retracting; the head within the terminal cyst

;

and tliis part, in the same sjiccinien also, pre-

sented a remarkably distinct series of transverse

strise, indicating most probably the circular

fibres which contract the cyst in the transverse

direction, and protrude the proboscis.* This

species of Hydatid, which is common in the

abdomen of Sheep, where it is either sus-

pended in a cyst to the mesentery or omen-
tum, or embedded in the liver, &c. has been
the subject of numerous observations, and is

generally selected to demonstrate the nuiscular

phenomena in an animal of very simple orga-

nization. When extracted from a recently

killed sheep, and placed in water at the blood-

lieat, the cyst may then be observed to become
elongated, and agitated with undulatory move-
ments ; the retracted part of the body is thrust

forth, and again, perhaps, drawn in ; during

the latter action the anterior part of the cyst

becomes wrinkled and is drawn back, gliding

into the posterior yjart of the cyst ; the anterior

part of the body is at the same time retracted,

and is received into the posterior ; and thus by
degrees the head and all the body become
concealed in the terminal cyst.

In the Cestoidea the muscular structure is

indicated slightly by impressions on the sur-

face of the body, but it is seldom that a distmct

layer of muscular fibres can be demonstrated.

To the worms of the genus Caryophylleus
both Zeder and Rudolphi agree in ascribing

longitudinal fibres, which extend along the

anterior part of the body and transverse

fibres, which are conspicuous in the pos-
terior segments. In the Tanite both trans-

verse and longitudinal strata of fibrils are stated

to existjf obscure indeed, or almost impercep-
tible in the smaller species ; but more evident
in the larger specimens, in which, according to

lludolphi, each segment has in general its own
strata, whence it enjoys, for some time after

being separated from the rest of the body,
distinct and peculiar motions; and such joints

have been described as distinct species of En-
tozoa, under the name of Cucur-

iig. 75. bUiruc. In the Bothrioceplialus

lutus, on the other hand, the lon-

gitudinal fibres are continued from
one joint to another, whence the

segments are less readily separable,

and a common and continuous co-

vering may be dissected from ofl'

the body of this species.

Living Ticnia; placed in warm
water exhibit undulatory motions.

Tlie body of one of these worms is

sometimes found to be tied at some
part in a complicated knot, as seen

in jig. 75, doubtless by means of
these motions. The Taniu solium,

when recently expelled from the

Team body by the irritation of a vermifuge

KHium. remedy, is occasionally contracted

to the length of a few inches, the

• See Preraration, No. 409 A, Physiological
Series Mus. Roy. Coll. of Surg. Catalogue, vol. i,

p. lis.

t lludolphi. Hist. Entoz. i. p. 223.

segments appearing as close-set transverse stria;

;

when placed in water, after a few hours it will

have returned to a length of as many feet.

Werner* relates an instance of a Taenia which
extended from the anus of a patient to the

length of three feet, and which returned itself

almost wholly into the intestine, the dependent
part being drawn upwards by the su|)erior.

Other and still more extraordinary instances of
the movements of the Cestoid worms are on re-

cord ; but that the separated joints of the Tania
solium should be able to creep several feet up a
perpendicular wall could scarcely gain a mo-
ment's credit, if the feet were not related by
no less distinguished a naturalist than I'allas.t

In general the muscular fibres cannot be
observed in the diaphanous bodies of the

smaller Tremalodu, yet every part is endowed
with active contractility : in the larger species,

however, both longitudinal and transverse strata

of fibres, may be demonstrated in the tegumen-
tary muscular covering of the body ; both which
we have distinctly seen in the large Disloma
clavatum. The muscular fibres of the aceta-

bula are disposed in two series, one radiating

from the centre to the circumference, the other

in concentric circles. The muscular tissue is

also well developed around the base of the

sucker, by which the animal is enabled to pro-

trude them from the surface.

In the Planaria, in which, as in the Ttenia,

according to our observations, the muscular
system is indicated only by stria on the super-

ficies of the apparently homogeneous paren-

chyma, the phenomena of muscularity are

strikingly displayed in the varied and energetic

actions of the living animal. They lengthen,

shorten, widen, contract, or contort the body in

various degrees and directions : their mode of

locomotion on a solid plane is by an insen-

sible undulation, or successive approximation

of small proportions of the body, producing

a gliding movement, as in the Slug; and the

same actions take place in swimming through

the water, except that the body is reversed

;

and the ventral surface turned upwards, as in

the Curinuria and other aquatic Gastropods.

When S(iizing a living prey, as in Jig. 76, the

contractions of the body
Fig. 76. are more vigorous and

extensive.

In the Echinorhynclius

the muscular fibres are

of a whitish colour, semi-

transparent, and of a ge-

latinous appearance; they

Plarmria laciea (B), are eminently contractile,

feeding on a A'aw. and readily respond to

the application of both

chemical and physical stimuli. Cloquet ob-

served them to contract under the influence of

the galvanic current six hours after the cessation

• As quoted by Rudolphi. ' Tienia ad trium
ulnarum longitudinein ex mulicri.s ano propen-
dens, iu casu qiicm Wernerus (1. c. 47) ret'ert,

tola fere in pristinuin hospitium rediit, pars pro-

pcndcns itaque a supcriore sursum ducta : similes

omnino casus Andryus habet.'— Ibid. p. 223.

t Also quoted by Kudolphi, p. 223.
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of all spontaneous movement. Tlie general

muscles of the Inidy are (lis|)oscd in two layers,

of which the fibres of the external are trans-

verse, those of the internal longitudinal.

With respect to the disposition of the mus-
cular system of the Nematoid worms, a dif-

ference of opinion is entertained by some ex-

perienced comparative anatomists.

Professor Dc Hlainville* describes, in the

Ascaris lumbricvidci, tlie external stratum of

muscular tibres as being longitudinal, while

the internal, he observes, are evidently trans-

verse, and much more numerous at the an-

terior tlian the posterior prt of the body.

M. Cloquet, on the contrary, in his elaborate

monograph on the Ascaris lumbricoides, states

that the exterior layers of muscular fibres are

transverse, and the internal longitudinal. In

a large specimen of the Slrtmeylus gigas, Rud.,

which we have dissected andexamined micro-

scopically for the muscular system, we find

that a very thin layer of transverse fibres ad-

heres strongly to the integument, the fibres

being imbedded in delicate furrows on the

internal surface of the skin ; within this layer,

and adhering to it, but less firmly than the

transverse fibres do to the integument, there

is a thicker layer of longitudinal fiisciculi,

which are a little separated from one another,

and distributed, not in eight distinct series,

but pretty equally over the whole internal

circumference of the body. Each fasciculus

is seen under a high magnifying power to be

composed of many very fine fibres, but these

do not present the transverse striie which are

visible by the same power in the voluntary

muscidar fibres of the higher animals. The
longitudinal fibres are covered with a sofl

tissue composed of small obtuse processes,

filled with a pulpy substance, and containing

innumerable pellucid globules, and at the an-

terior extremity of the body this tissue assumes

a dis|X)sition as of transverse fasciculi (fig. 79).

In the Atcaris lumbricoides similar internal

transverse bands are shown in^g. 88,e,f, and

are those which Professor Blainville regards

as muscular, and Cloquet as vascular organs.

We cannot detect a tubular structure in these

parts, neither have they the texture and con-

sistence of the true fibrous parts : they are sofl

pulpy substances, doubtless connected with

the nutritious functions, and probably the or-

gans of absorption.

Besides the general muscular investment of

the body, there are distinct muscles in most
of the Entozoa, developed for the movement
of particular parts, as the retractile hooks of the

Linguatuta and PorocepluUus, and the probo-

scides of the Cestoid and Acanthocephalous

worms. Of the latter organ the Kchinorlii/nchus

gigas offers a good example. The proboscis in

Uiis species (Jig. 77) is a .short, firm, elastic,

cylindrical tube,buried with its appropriate mus-
cles in the neck ofthe animal, as ma sheath; and
having its anterior extremity (a, b) terminated

* Dictionnaire des Sciences Naturelles, torn. iii.

App. p. 40.

t Anatomie de I'Ascaride Lombricoide, p. 17,

VOL. II.

Fig. 77.

Retracted probotcU and itt mtucleSi Echynorhynckta
gigtu. Cloquet.

by a spherical eminence armed with four rows

of recurved spines. The retractor muscles are

four in number, two superior and two inferior,

(J', g,) flattened, elongated, and of a triangular

figure. They are continuous at their base or

posterior extremity, with the longitudinal fibres

of the body ; their anterior extremity, which
is extremely delicate, is inserted mto the poste-

rior part of the proboscis. The protractile mus-
cles (r, d) are also four in number, short but

strong, and forming, as it were, a sheath to the

proboscis ; they are attached to the anterior

part of the tegumentary sheath, and pass back-

wards to be inserted into the posterior extremity

of the proboscis in the intervals left by the

retractor muscles. The motions of the pro-

boscis thus libendly supplied, are, as might be

expected, more lively than those exhibited by
any other part of the body. When it is drawn
back mto its sheath by means of the retractor

muscles, the booklets seem to be drawn close

to the side of the bulbous extremity, whence
we may infer that these also have their appro-

priate muscles.

Nervous system. — The Entozoa in which

the nerves can be most easily and distinctly

demonstrated, are the Linguatuta titnioide$

and the larger species of the Nematoidea,

especially the Strougvlus gigas.

In the Linguatula a proportionally large

ganglion (g. Jig. 78) is situated immediately

behind the mouth, and below the cesophagus,

which is turned forward in the figure, at <>;

small nerves (A, i, k) radiate fi-om this centre to

supply the muscular apparatus of the mouth

and contiguous prehensile booklets ; and two

large chords (/, /) pass backwards and extend

along the sides of the abdominal aspect of the

body to near the posterior extremity, where
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Fig. 78.

<i

/

lliey gradually become
fcxpaniltcl and blended

with the muscular tissue.

Ill tile Stroiigj/lus

gigos, a slender nervous

ring (n, a. Jig. 79) sur-

rounds the beginning of

the gullet, and a single

chord is continued from

its inferior part and ex-

tends in a straight line

along the middle of the

ventral aspect (c, (/) to the

opposite extremity of the

body, where a slight

swelling is formed im-

mediately anterior to the

anus, which is surround-

ed by a loop (e) analo-

gous to that with which
the nervous chord com-
menced. The abdominal
nerve is situated internal

to the longitudinal mus-
cular fibres, and is easily

distinguishablefromthem

with the naked eye by
its whiter colour, and the

slender branches (i, b)

which it sends oft' on each

side. These transverse

twiijs are given off at

pretty regular intervals of

about half a line, and
may be traced round to

nearly the opposite side

of the body. The entire

nervous chord in the fe-

male of this species passes

to the left side of the

vulva, and does not di-

vide to give passage to

the termination of die

vagina, as Cloquet de-

scribes the corres[)onding

ventral chord to do in

the Asmns Lumbricoides.

In the latter species, and
most other Nematoidea,ja dorsal nervous chord
is continued from the ttso'phageal ring down the

middle line of that aspect of the body corres-

ponding to the ventral chord on the opposite

aspect; but we have not found the dorsal chord
in the Strongyliis gigas. The nervous system
in ihe latter Kntozoon obviously therefore ap-

proximates to that of the Anellides; but it differs

in the absence of the ganglions, which in all

the red-blooded worms unite at regular inter-

vals two lateral nervous columns ; it resembles
on the other hand most closely the simple and
single ventral chord in the Sipmiculus.

Living Ascarides are sensible to different

mechanical stimuli applied to the surface of
the body, and the sudden and convulsive

movements which take place when alcohol,

vinegar, or alum-solution are applied to the

mouth, would seem to imply that they possess

a .sense of ta.ste : to light, noise, or odour they

Nen^fms si/sfem and fe-
male orgnns of qeiwra~
tion of Limjuahilti t(B'

nioides, magnified.

Commencement and termina-

tion of the nervorum si/slem,

Strongylus gigaHf magnijied.

Fig. 79. !»re, as might be ex-

|)ected from the

sphere of their ex-

istence, totally in-

sensible.

In those Entozoa
which infest the parts

of an animal body,

where they may be
exposed to the influ-

ence of light, as the

gills of fishes, we
should not be un-

prepared to meet
with coloured eye-

specks, or such sim-

ple forms of the or-

g"an of vision as oc-

cur in Iiif'uwriu and
other invertebrate

animals of a low
grade of organiza-

tion. Nordmann de-

tected four small

round ocelli, of a
dark-brown colour,

in the Gi/rodactylusawiculatus,a.{2es{o\A worm,
found ill the branchial mucus of the Uream
and Carp ; the eye-specks are situated a little

way behind the head, and yield on pressure a
blackish pigment. V. Baer observed two

small blackish ocelli beliind the orifice of the

mouth in the l^olijstoinuiii Jntegcrrimum, a
Tremalode spijcies, which infests the urinary

or allantoid bladder of the Frog and Toad.

Now this large receptacle is well known to

contain almost pure water; and as the Poly-

stomum is very closely allied to the ftanuriie,

which habitually live in fresh water, it is pro-

bable that the allantoid bladder may be only

its occasional and accidental habitation. With

respect to the Ptunaritc these are almost univer-

sally pro\'ided with eye-specks, varying in num-
ber from two, as in the I'lanuriu lucteu, (fig.

80, A) to forty, of a brown or black colour, the

external covering of which is tran-

sparent and corneous. I'rora the

experiments of M. Dugcs* on
these non-parasitic Sterelminlhu,

we le.irn that when the solar light

is directed to the head, they escape

from its influence by a sudden move-
ment, and they also give unequi-

vocal, though less energetic, proofs

of their subjection to the influence

ofdifi'used and artificial light. Tlie

teuiijorary ocelli observed in the

young of certain species of Dis-

iomu\ will be presently noticed.

* Annalcs des Sricncc!i Naturellcs, 1328, p. 10.

t Conf. also Rudolpfii, Synopj. Entoz. p. 442,
where, in the description of tiic Scolex polymor*

phus, a Cesroid worm infesting the intestines of

Fisfi and CepliaIopo<la, he oliserves, *
' pitncta dim

volo corporis alf)i sanguinea. sa^pc hilgcnlia, qualia

nuUis in Kiitozois aiiis vidcrc licuit, qua;que in

Gobii minnti Scolece vasa duo rubra parallela pone
caput incipientia et rclrorsum ducta, in corpore

autem evanida, efTingcre obscrvavi."
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Dipeslive or/runs.—We have already alliKlcd

to tlie two leading tnodifitations of tlie ali-

mentary canal, on wliicli the binary division

of the Kntozoa of Kudolphi is founded, viz.

into Stfrilininllia or those in which the nu-
trient lubes, without anal outlet, art- simply

excavated in the general parenchyma, and into

the Caletininthuy in which an intestinal canal,

with proper (larietes, Hoats in a distinct ab-

dominal cavity, and has a seiKirate outlet for

the excrements. In botli these divisions the

inoiilh is variously modified, so as to aflbrd

zoological characters for the subordinate

);rou|is ; and the alimentary canal itself in

the Slerelmintha presents several important

dilferences of structure.

Ci/stkii.—The Cystic worms are generally

gifted, as in the species fCiinlkercus leilulome)

which occasionally infests the human subject,

with an uncinated proboscis for adhering to and
irritating, and four suctorious mouths for ab-

sorbing the fluid secreted by, the adventitious

cyst in v\hieh they are lodged. In tlie larger

CyUicerci lateral canals may be traced from the

suctorious pores extending down the body
towards the terminal cyst, but they appear
not to terminate in that cavity, the fluid of

which is more probably the result of secretion

or endosmosis. We cannot, however, partici-

pate in the opinion of Rudolphi,* that the

retracted head derives nutriment from the

surrounding fluid of the caudal vesicle, for if

that were the case, where would be the neces-
sity for an armed rostellum in addition to

tlie absorbent pores? The frequency with

"hich the Cysticerci are found with the head
so retracted, may be attributed to the in-

stinctive action arising from the stimulus of

diminished temperature and other changes
ill the surrounding parts occasioned by the

death of the animal in which the hydatid
has been developed.

Crstoidea.—In the Cestoidea the digestive

apparatus commences for the most part by two
or four oral apertures, to which, in many spe-
cies (the Tania armata), a central uncinated

proboscis is superadded, as in the Cysticerci.

Sometimes the mouths are in the form of oblong
pits or fossse, as in the But/irtoeephaliis talus, and
the allied species grouped under the same gene-
ric name ; or they have the structure of circular

suctorious discs, as in the Tirnui solium and
otheitruc Tienin.i In both genera two alimen-
tary canals are continued backwards in a straight

line near the lateral margins of the body (e, e,

" *' Osculis vamcn canalibiisqiie dictis oinncm
aqtia: vim vrsica caiidali coUectam parari potuisse
vix credibile, spd hac parala verinom eandcin
absorberc idcoqtie seinpor fere caput hiiic iininisfiun)

offerre, longe aliam veto fluidi advphendi viaiu
dari, pinriina suadcnt."— Hisl. Kntoz. i. p. 279.

t Many beautitiil preparations, showing the
nutric-nt canals of the Tamin solium injected with
coloured size and quicksilver, are preserved in the
Hnnterian coUeciion, (see Nos. 843, 844, 845.)
These were prepared, during the lite-liiuc of John
Hunter, and were presented to that great anato-
mist by Sir Anthony Cailisle, by whom they are
described in the • Observations upon the .Struc-

ture and (£conomy of Taeniar,* in the second vo-
lume of the Linnxan Transactions, (1794).

Jif!,. 90), and are united by transverse canult

(),/;_/li^.90) passim; across the jjostcrior margins

of ihe segments. Tlie.se connecting cianals are

relatively wider in the Ttenia solium than in the

Bothriocephalus latus, their size apparently

depending on the length of the segments,

which is much greater in the former than the

latter. Neither the transverse nor the longi-

tudinal vessels undergo any partial dilatations.

The chief point at issue resiiecting the digestive

organs of the Tape-worms is, whether the nu-

triment is imbibed by them through the pores

which occur at the sides or margins of each

joint, or whether the entire body is dependent

for its nutriment upon the anterior mouths from

which the lateral canals commence. The re-

sults of numerous examinations, which I have

made with this view, both on Bothriocephali*

and TaniiE, have uniformly corres|X)tide«l with

those of Kudolphi, and 1 entirely subscribe to

the opinion of that experienced helminthologist,

that the marginal or lateral orifices of the seg-

ments are exclusively the outlets of the gene-

rative organs.

In some species of Tape-worm, as the Tttnia

tphitnocephalus, in which no ovaria have been

detected, there has been a corresponding ab-

sence both of lateral and marginal pores, while

the lateral longitudinal canals have been pre-

sent and of the ordinary size. In the Tirnia

solium the generative |>ores being placed at

one or other of the lateral margins of the seg-

ments, the ducts of the ovary and testis (g, h.

Jig. 90) cross the longitudinal canal of tliat

side, and give rise to a deceptive appearance,

as if a short tube were continued from the

alimentary canal to the pore. Hut in the

Bolliriocephalus Ititus and Btilhriucephulus

Pythonis the generative pores open ujion the

middle of one of the surfaces of each segment,

and in these it is plain that the lateral nu-

trient vessels have no communication with

the central pores. The orifices of the segments,

in short, correspond with the modifications of

the generative apparatus, while the nutrient

canals undergo no corresponding change.

Nutrition may be assisted by superficial ab-

sorption ; and, as Rudolphi suggests,^ the se-

parated segments may for a short time imbibe

nutriment by the open orifices of the broken

canals ; but setting aside cutaneous absorption

and the more problematical action of the rup-

• Principally on that species which infests the

intestines of the large serpent commonly exhibited

in this country the Python Tigrii, Dand. And we
invite the attention of comparative anatomists

interested in this point to an injected preparation

of one of these worms in the Museum ot the Koyal

College of Surgeons, No. 846 A.

t " Al. Olfets (de veget. et aniin. p. 35)
articulos Taniee singulos ope absorptionis cutanes

pcrparum, maxiluc autem ope oscoli marginalia

nutriri contendit. sed osculum hoc vere ad genitalia

pertinorc in capite insequcnte evincam. Si cl.

vir absorptionem cuianram minoris aestumat, hac

de re non litigabo, sed res alio modo explicati

potest. Annon enim ad vasa linearta nutnentia,

utrinque longitudinaliter decurrentia, si artiru.us

solu'ua est, in utroque ejus fine utrinque hiaotia,

absorbendi officium deferri posset."—Synopi. Enlm.
p. .58.5.

k2
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tured vessels, the bead of the Taiie-worm is

the sole natural insl.nimeiit by which it im-
bibes its nutriment, and it is to the expulsion

of this part tliat the attention of tlie pliysician

should be principally directed, in his attempts

to relieve a patient from these exhausting para-

sites.

Tremutodu.—Four kinds of vessels or canals

are met with in the parenchymatous body of the

Trematode worms, viz. digestive, nutritive or

sanguiferous, seminal, and ovigerous. In the

genus Munvstmitu, the digestive canal is bifur-

cated, each branch traverses in a serpentine

direction the sides of the body, and they are

united, in some species, by a transverse com-
municating vessel at the caudal extremity ; in

others, as Munost. mutahile, they converge and
terminate in an arched vessel at the posterior

part of the body. They are of small size, and
not very clearly distinguishable from the sangui-

ferous vessels.

In the Distoma hepaticum, the digestive

organs are more distinctly developed. The
oesophagus is continued from the anterior pore,

and forms a short wide tube, shaped like an
inverted funnel. Two intestinal canals are

continued from its apex, which immediately
begin to send oft' from their outer sides short

and wide ccecal processes, and continue thus
ramifying to the opposite end of the body,
but have no anal outlet. Rudolphi* states

that when successfully injected with mercury,
more minute vessels are continued from the
apices of the digestive canals, which form a net-

work over the superficies of the body. A similar

dendritic form of the digestive canal obtains in

the singular genus Diplozoon, discovered by
Nordmann in the gills of the Bream; the central

canal and ramified coecal processes in this En-
tozoon are represented (fig. 328, vol. i. p. 654,)
on that moiety, which is opposite the left hand
of the observer : on the other moiety the vascu-
lar system alone is delineated. The latter is not,
like the digestive canal, common to both halves
of the body, but consists of two closed systems
of vessels, each peculiar to its own moiety.
Two principal trunks, a, a, traverse the sides
of each moiety, preserving a uniform diameter
throughout their entire course. In the external
vessels marked a, a, Nordmann states that
the blood is conveyed forwards or towards the
head: in the internal ones, it passes back-
wards in the opposite direction. The latter

vessels commence by many minute branches
which unite in the space between the oral
suckers and the anterior extremity of the
body, and terminate between the disc and
suckers at the posterior extremity of the body.
The exterior or ascending vessels begin where
these disappear and pass towards the opposite
end of the body : both trunks freely inter-
communicate by means of superficial caiJil-

laries. The blood moves through them with
great rapidity, but without being influenced
by any contraction or dilatation of the vessels
themselves. The circulation continues for
three or four hours to go on uninterruptedly in

• Entoz. Synopsis, p. 583.

each moiety of the Diplozoon, after they have

been separated from one another by a division

of the connecting band. The blood itself is per-

fectly limpid. It should be observed, with refe-

rence to the above description, that the appear-

ance of circulatory movements in the vessels of

the Diplozoon puradoxum is ascribed by Ehren-

berg ( Weigmunn's Archweii, 1835, th. ii.) and

Siebold fJ/iu/. 1836, th. ii.) to the motion of

cilia on the inner surface of the vascular canals.

In the genus Diplostonium, in which the

nutritious and vascular systems characteristic

of the Trematoda are peculiarly well displayed,

(Jig. 81,) a short and slightly dilated canal is

continued from the mouth, and soon divides

into two alimentary passages or intestines, e, e,

which diverge, and proceed in a slightly un-

dulating course, towards the hinder sacciform

appendage of the body, dilating as they de-

scend, and ultimately terminating each in a

blind extremity, f,J'. The contents of this long

bifid blind alimentary canal are of a yellowish

brown colour, especially in old individuals,

and consist of a finely granular substance.

As there is no separate anal aperture, the crude

and effete particles are probably regurgitated

and cast out by the mouth, as in all other

Trematoda.

The posterior projection of the body, g,
Nordmann compares to the posterior appen-

dage in the Cerairite ; it is terminated by a

posterior aperture which seems to be the ex-

cretory outlet of some secerning organ ; since

a milky fluid is sometimes ejected from it

with force. In a species of Distoma {Distoma

clavatum, Rud.) which I recently dissected,

Fig. 81.

.Digestive and nutrient canals, Diplostomum voheMj
magnijied.
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there is a similar aperture wliicli forms the

outlet of u vertically compresse<l sac situ-

ated between the chyle-receplaeles (see Trans-

actions ofthe Zoological Society, p/a<« 4, p. 381,

pi. A\, figs. t7, 18, d, g). In the Diptostomum
volvens Nordmann supposes tlie aperture in

question, A, to be the termination of a canal

continued from the oviduct. Besides this

canal the posterior appendage of the body is

occupied by a sac of a corresponding form

containing a milky fluid, i, i, and to which

the term of chyle-receptacle is given by Nord-
mann, as was previously done by Laurer to a

corresponding cavity in the Amphisloma coni-

cum. The nutritious contents of this canal

would seem to exude through tlie parictes of

the coecal extremities of the intestines, as no

distinct aperture of communication is obvious.

Two vessels, k, k, are continued on each side

from the anterior and external part of the chyle

receptacle ; they extend forwards to the anterior

third ofthe body, and are there brought into com-
munication by a transverse vessel, /, /, which ex-

tends across the dorsal aspect of the body. From
the [X)int of union of the transverse with the

external lateral vessels,a vessel is continued for-

ward on each side, appearing as the continuation

of the external lateral one. These vessels, m, m,
are reflected inward at the anterior angles of the

body, and unite in the middle line to form the

vessel, n, which may be regarded, according

to Nordmann, as representing the arterial

trunk, and which is continued to the posterior

extremity of the body, distributing branches on
each side throughout its whole length. Nord-
mann observed a circulation of fluid in the

vessels marked m, m, which was unaccom-
panied by any pulsation, and which may there-

fore be compared to the

Fig.B2. cyclosisofthe nutrient fluids

in the vessels of Polygas-

trica, Polypi, and other

Acrita, and is probably due
to the action of vibratile-

cilia.

In a few species of Pta-
narue the mouth is terminal

and anterior, as in the

Distomata ; these form the

subgenus Prostoma of
Professor Dugfcs.* In the

greater number ofthese non-
parasitic Sterdmintha the

alimentarycanal commences
from a cavity situated at the

middle of the inferior sur-

face of the body. A pro-

boscis or suctorious tube (o.

Jig. 82), varying in length

according to the species, is

contained in this cavity,

from which it can be pro-

truded, and the mouth is

situated in the form of a

round pore at the extremity

of this proboscis. The ac-

tion of this tube is well dis-

Dendritic digestive

cavUjft Ptanaria
lactea.

* Dugcg, Aoaaica dos Sciences, 1828, p. 16.

played when a hungry Planaria nukes an attack

upon a Nuts ; it then wrajM its flat body around
its prey (seejlg. 76,) and applies to it the extre-

mity of its trumpet-shaped sucker ; the red-

blood of the little Anellide is seen to dis-

apfiearfrom the part in contact with the sucker;

and if the body of the Nais be broken in the

conflict, the Planaria directs the extremity of

the proboscis to the torn and bleeding surface.

After a meal of this kind the digestive canals

of the Planaria are displayed by die red colour

of their contents, like the corresponding parts

of the Liver-fluke when filled with bile, and
they greatly resemble the latter in structure

;

instead of two canals, however, three are con-

tinued from the base of the proboscis ; one of

these is central (t), and passes upwards to the

anterior extremity of the body, distributing its

wide ccBca on either side ; the other two (r, f

)

descend, almost parallel to one another, and
give off their coecal processes chiefly from the

outer margin, as in the Distoma. The Planaria

are, equally with the parasitic Trematoda, de-

void of an anus : and tlie remains of Poly-

gastric infusories swallowed by them have been

seen to be regurgitated by the proboscis. Mi-
nute nutrient vessels are continued from the

extremities of the intestinal coeca, and form a
very fine cutaneous network, which communi-
cate with a mesial and dorsal canal and two
lateral vessels, as in the Diplostomum.

Some species of the Trematode Entozoa are

infested by parasitic Polygastrica which belong

to the Monads : Nordmann observed some
brown corpuscles by the sides of the alimen-

tary canal of a Diplostomum, which contained

minute particles in continual and lively motion.

On crushing the corpuscles between plates of

glass an immense concourse of the moving
atoms escaped : they were smaller than the

Monas atomos of Miiller, of an oval form, and
of a clear yellow colour; their movements were

very singular : they whirled rapidly round on
their axis, then darted forward in a straight

line, whirled round again, and again darted

forward. When we consider that the Diplos-

tomum itself does not exceed a quarter of a
line in length, and that the aqueous humour
of a single eye serves as the sphere of existence

to hundreds of individuals, what views does

the fact of the parasites of so minute an Ento-

zoon open of the boundless and inexhaustible

field of the animal creation 1

Acanthocephala.—The worms of this order,

although in external form, in the development

of the tegumentary and muscular system, and

above all in their dioecious generation, they ap-

proach very closely the Nematoid Worms, yet

preserve the distinguishing character of the

Sterelminthoid class in the structure of the

digestive organs. In the Echinorhyiuhut

gigas the mouth is an extremely minute pore,

situated on a projectile armed proboscis, the

structure of which we have already described.

From its posterior part are continued two long

cylindrical canals (e, c, Jigs. 83,84) which ad-

here closely to the muscular fibres by their outer

side, and project on the opjwsile side into the

triangular cavity (A, Jig. 84) left between the
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Fig. 83. ovarieii in the female and

testes in the male. They
are extremely minute at

their commencement, but

increase so as to be readily

visible in the middle of

their course. They are trans-

parent and irregularly dila-

ted or sacculated at inter-

vals. Posteriorly they ter-

minate in a cul-de-sac, and
have no anal outlet. They
contain a transparent in-

odorous albuminous liquid,

give off no visible lateral

branches, and do not com-
municate together in any
part of their course. Be-
sides these canals we find

in the cavity of the body
of an Echinorhynchus two
long wavy tubes called

lemiiisci, {d, d, fig. 83).-

They are attached to the

lateral parts of the neck by
an extremely attenuated an-
terior extremity, float freely

in the remainder of their

extent, and terminate in an
enlarged obtuse and imper-
forate extremity. They are

of a whitish colour, tran-

sparent in the living worm,
but become opake after

death; they present consi-

derable variety of form, and
would seem to be highly

irritable parts, since they are

not unfrequently found fold-

ed into a packet, or twisted

both together, and turned

to one side of the body.
When examined with a high

microscopic |)ower, a tran-

sparent vessel is perceived

running through the centre

and ramifying as it descends
in the substance of the lem-
niscus, which is .soft, fragile,

and granular. Cloquet com-
pares these organs to the

nutrient processes which
project into the abdominal
cavity of the Ascaris, and
they are also regarded by
Goeze, Zeder,and Hudolphi
as belonging to the organs

of nutrition.

In the Calelmmllia or

Cavitary Entozoa, the ali-

mentary canal is single and of large size, and

extends nearly in a straight line from the mouth
to the anus, which are at ojiposite extremities

of the body. With regard to the existence of an

anal outlet, the parasitic Entozoon, ( St/ngamus

Irucheulis, Siebold,) which infests the windpipe
of our common Gallinaceous Birds, presents an

exception. It was sup]Kv.ed by Montague to be

asmgleindividual withtwopediincu'atemoulhs;

Digestwe and gtme-

rative orgatm, Echi-

norhiptchuH gigaSf

female.

TroTisverse section of Echinorhyitchus gigas.

and by Hudolphi was placed m the same group
as DistomaJ'urcutum, which is a true double-

necked Tremalode worm. But the digestive

system has the essential character of the coelel-

minthic structure, the intestine floating freely

in an abdominal cavity. The orifice at the

extremity of the smaller or male branch leads

to a muscular oesophagus, which is continuous

with a somewhat broader reddish-brown intes-

tine, continued in a tortuous manner down the

neck, and terminating in a cul-de-sac prior to

the confluence of the extremity of this branch

with the body of the female. The mouth of

the larger branch, which is the true continua-

tion of the larger and single body, leads first

to a horny basin-like cavity, which communi-
cates by an opposite pore, surrounded by six

horny hooks or teeth, with the oesophagus,

from which a similar reddish-brown intestine

is continued, but in a more tortuous manner
than in the male, through the whole body, ter-

minating in a cul-de-sac at tlie caudal extre-

mity. In both intestinal canals are molecules

of apparently the colouring matter of blood.

Their inner surface is reticulate.

In the freedom of these intestines from the

muscular parietes of the body, and in the cy-

lindrical form of the latter, we have a close

aftinity to the Nematoid type: but the intestine

is blind—without an anal outlet. It is not,

however, bifurcate, as in the true Trematoda.

In the genus Linguatula or Pcntustomu of

Rudolphi, the intestine is a simple straight

tube, and is surrounded by die convolutions

of the oviduct : the two intestinula cffcrt with

which Rudolphi describes the alimentary canal

as being complicated,* appertain to the gene-

rative system, and communicate exclusively

with the oviduct : the intestine terminates by
a distinct anus at the posterior extremity of

the body.

In the Nemntoidea the intestine is also

frequently concealed in a part of its extent by
the coils of the genital tubes, but these are

disposed in masses by the side of the alimen-

tary canal, and not wound around it as in the

Livgiiatiilu ; in most species the alimentary

canal is attached to the internal parietes of the

abdominal cavity by means of numerous small

laminated or filamentary processes.

In the Slrmigi/tus gigus the mouth (\,fig.
71) is surrounded by six papillx' ; the oesopha-

• Synop^As Euloz, p. 5b4.
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giis (ti,fig. 95) it round and sliglitly contorted,

and siiddtiily dilutes at the disUince ofabout two

inches from tlie month into the intestinal canal

;

there is no gastric portion marked off in this

canal by an inferior constriction, but it is conti-

nued of uniform structure, sliotlitly enlarging

in diameter to the anus. The chief pecu-

liarity of the intestine in this species is that

it is a square and not a cylindrical tube, and
the mesenteric processes pass from the four

longitudinal and nearly equidistant angles

of the intestine to the abdominal parietes.

These processes, when viewed by a high mag-
nifying power, are partly composed of fibres

and partly of strings of clear globules, which

appear like moniliform vessels turning around

the fibres. The whole inner surface of the

abdominal cavity is beset with soft, short,

obtuse, pulpy processes, which probably im-

bibe the nutriment exuded from the intestine

into the general cavity of the body, and carry

it to the four longitudinal vessels, which tra-

verse at equal distances the muscular parietes.

The analogous processes are more highly de-

veloped in the Ascuris lumbricoides, in which
species we shall consider the digestive and
nutritive apparatus more in detail.

The mouth (rf, fig. 87 and fig. 85) is sur-

rounded with three tubercles, of which one is

supeiior (a, fig. 85), tlie others inferior (i, h) ;

tliey are rounded externally, triangular inter-

nally, and slightly granulated on tlie opposed

surfaces which form the boundaries of the oral

aperture (c). The longitudinal muscles of the

body are attached to these tubercles; the dorsal

fiisciculus converges to a point to be inserted

into the superior one ; the ventral fasciculus

contracts and then divides to be inserted into

the two which are situated below. By means of

these attachments tlie lon-

Tig. 85. gitudinal muscles serve to

produce the divarication of

the tubercles and the open-
ing of the mouth ; the tu-

bercles are approximated by

vm^^m^^Jli ^>€ action of a sphincter

^^^^^^ muscle.

The oesophagus (e,fig.

Head ami mouth of 87) is muscular and four

Atcaris iuitUtricoides. or five lines in length, nar-

row, slightly dilated pos-

teriorly, and attached to the muscular pa-

Fig. 86.

Tratmxrte section of Atcarit Imnbricoidet, magnified.

rietes of the body by means of slender, radiated

filaments : its cavity is occupied by three lon-

gitudinal ridges, which meet in the centre and
reduce the canal to a triangular form. Tlic

fEsoi)hagus is separated by a well-marked con-
striction from the second part of the digestive

canal, which in the rest of its course presents

no natural division into stomach and intestine.

The anterior jwrtion of the canal is attached

by filaments, as in the Strmigi/lus, to the pro-

cesses and lining membrane
Fig. 87. of the abdominal cavity. Those

j^ which come off from the sides

of tlie canal (</, d) communi-
cate with the nutritious vessels

and appendages, and in pass-

ing from the intestine they
diverge and leave on each side

a triangular space, of which
the base corresponds to the

lateral line or vessel (e, fig.
8C), and the apex to the side

of the intestine. These lateral

spaces are filled with a serous
fluid, and are continuous with
the common cavity contain-
ing the alimentary and gene-
rative tubes. About the mid-
dle of the body the intestine

becomes narrower, being here
surrounded and compressed
by the aggregated loops of the

oviduct or testis, and the me-
senteric processes or filaments

diminish in number, and at

last leave the intestine quite
free, which then gradually en-
larges to within a short dis-

tance of its termination (A).

The parietes of the intestine

are thin and transparent, and
easily lacerable ; they consist

of a gelatinous membrane, the

internal surface of which is

disposed in irregular angular,

meshes and transverse folds,

which gradually disappear to-

wards the lower part of the

l-^.t canal.

The sofl obtuse processes

Cf> f> fig- 86) analogous to

those which project from the

lining membrane of the abdo-
minal cavityin the Slrmigytut,

acquire a considerable deve-

lopment in the Ascaris. They
arise chiefly in the dorsal and
ventral regions, and are con-

tinued from numerous trans-

verse hands(e,e,fig.SS) which

pass across the body from one
lateral alisorbent vessel to the

other. In the anterior third

of the body these transverse

bands (vaisseaiu noiirricien,

Cloquet,) are quite concealed

„. ,. ,' by the processes in question
Ihqestne and qene- / ] *.i

ralim luhes, AtcarU (apvendtccs mmrriciers, Clo-

lumbricoidet, male, quet), but are very couspicu-
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ous at the posterior part of tlie body. The
nervous thord passes at a right angle to the

transverse bands between tliem and the longi-

tudinal muscles, and sometimes is included in

loops of the former, as at d, fig. 88. Both the

pendant processes and the transverse bands are

composed of a homogeneous spongy tissue,

without any central cavity, and appear to form

a nidus of nutrient matter like the fatty omen-

tal processes in higher animals.

The longitudinal lines {c,c,fig. 86,88), which

extend along each side the body of the Ascaris

Lumbricoides, and which are very conspicuous

Fig. 88.

Nutritne processes and vascular canals magnijiedf

Ascaris lumbricoides.

externally through the transparent integument,

consist each of a narrow flattened tract of opaque
substance, by some anatomists considered as

nervous, and a very slender vessel which ad-

heres closely to the outer side of the band.

The two bands become expanded at the an-

terior extremity of the body, and unite in

forming a circle around the oesophagus : the

vessels, on the contrary, become detached from

the bands, and pass transversely below the

CEsophagus to anastomose together, forming a

simple loop or arch, the convexity of which is

anterior. By pressure the reddish fluid con-

tained in these vessels may be made to tra-

verse them backwards and forwards.

With resjiect to the accessory glands of the

digestive system of the Entozoa, I have hi-

therto met with them in two species only of

the Nemutoidea, in both of which they pre-

sented the primitive form of simple elongated

unbianched cceca. The first being developed

from the commencement of the alimentary

canal, and co-existing with a pair of rudimen-
tal jaws, must be regarded as salivary organs.

They exist in a species of worm which
infests the stomach of the Tiger, and which
I have recently described under the name
of Gnathustoma acutcatutn.* They consist

of four slender elongated coeca, communi-
cating with tlie mouth, and gradually increas-

ing in size as they extend backwards into the

abdominal cavity, where they end each in a
cul-de-sac; they are placed at equal distances

around tlie alimentary canal, and have no at-

tachment except at their open anterior extre-

mity. The length of each ccecum is about
one-twentieth of the entire alimentary canal.

Their parietes under a high magnifying power
present a beautiful arrangement of spirally

decussating fibres. Their contents when recent

are clear, but become opaque when immersed
in alcohol. That the Gnutliostoma is not the

larva of an insect is proved by the complete
development of the generative system, which
resembles that of the Ascarides, and by the

absence of a ganglionic nervous system.

The second example of an accessory digestive

gland occurs in a species of Ascaris infesting

the stomach of the Dugong : here a single

elongated coecum is developed from the in-

testine at a distance of half an inch from the

mouth ; and is continued upwards, lying by
the side of the beginning of the intestine, with

its blind extremity close to the mouth ; from
the position where the secretion of this coecum
enters the intestine, it may be regarded as re-

presenting a nidimental liver.f

Respiratory Organs.—The Entozoa have no
distinct internal or external organs of respi-

ration. The skin in many of the Trematoda
and Acunthocephula is highly vascular,| and
the circulating fluids in these worms may be-

come oxygenated by contact with the vascular

mucous membranes of the higher organized

animals which they infest. In the Planaritc

the surrounding water is renewed upon the

vascular surface of the body by means of the

currents excited by the action of vibratile

cilia; and the young of certain species of
Distomuta, which pass the first epoch of their

existence under the form of Polygastric In-

fusoria, freely moving in water, are pro-

vided with superficial vibratile cilia arranged

in longitudinal rows; but these organs of lo-

comotion and adjuncts to the respiratory pro-

cess are lost when the Distomata resume their

position as parasites in the intestines of the

Fishes from which they were originally ex-

pelled.

Excretory glands.—As an example of an
organ of excretion, we may refer to the glan-

dular sac lodged in the enlarged extremity of
the Distoma clavatum, which opens externally

* Proceedings of the Zoological Society, Nov,

t See the Preparation, No. 429 A , Mus. Coll.

Surgeons, Phys. Catalogue, p. 121.

X Conf. Echinorhynchus vasculosus.Entoz.Synop.

p. 581.
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hj a imall oriflce in the centra of tliat part,*

and the corresponding cavities from whicli a
clear or milky fluid is ejected by the posterior

pores of some smaller species of Distomatu
and Diploilomata.\

Orgujis of generation.—The generative sys-

tem in the Enlozoa presents great varieties

in the form, structure, and combination of

its several parts. Sometimes the female or

productive organs alone are discernible. In
many Cesloidea, and in all the Trematodn,
the male gland is present and communicates
with the oviduct, so that each individual

is sufficient for itself in the reproductive

capacity. In the Acanthoecphala and Ne-
muloidea the sexes are distinct, and a con-

currence of two individuals is required for

impregnation.

No trace of a generative apparatus has hither-

to been detected in the Cyttic Entozoa. They
would seem to be gemmiparous, and to have
the reproductive power dimised over the whole
cyst, at least in the Acephalocysts, in which
the young are not developed from any special

organ, or limited to any particular part of the

cyst.

Tlie ovaries in the most simple of the Cet-

toid worms, as the Liguta, are situated in the

centre of each joint, where they open by a
transverse aperture, from which projects a

small filamentary process or lemniscus, re-

garded by Rudolphi as a male organ. In the

Bolhriocephali the ovaries have a similar po-
sition, and in the Bothriocephalus tatus (Jig. 89)

assume a stellated figure, with

the aperture in the centre,

which is situated in the mid-
dle of each joint. In the

Bothriocephalus microceplialus

the ovary consists of one or
two rounded corpuscles in the

centre of the jomts, but the

generative orifices are margi-
nal and irregularly alternate,

and the oviducts may be dis-

tinctly seen passing backwards
to them.

In the Tttnia Candelabra-
ria a sacciform ovary exists

in each segment, which sends
off an oviduct to the marginal
outlet. Besides which, ac-

cording to Rudolphi, there is

a longitudinal canal, uniting

the different ovaries together,

and undergoing a partial dila-

tation at the anterior part of
each joint.—May not this be
the male organ ?

The androgynous structure of the generative
apparatus is very well displayed in the Tape-
worm of this country, the T<cnia Solium.

In each joint of this worm there is a large

branched ovarium (i. Jig. 90) from which a
duct (A) is continued to the lateral open-

• .Sec Zool. Trans, pt. iv. vol. i. p. 381. pi. 41.
fig. 18. See Nordmann, loc. cil. p. 38.

t See Nordmann, loc. cil. p. 140.

Fig. 90.

JF^. 89.

Ovitritm aperturex

and mxt , Bothrio-

cephaliu latut.

Generative orgaiu magnifiedf Tetnia toUum.

ing. The ova are crowded in tlie ovaiy;

and in (hose situated in the posterior segments

of the body, they generally present a brownish

colour, which renders the form of their recep-

tacle sufficiently conspicuous.* In segments
which have been expelled separately, we have

observed the ovary to be nearly empty, and it

is in these that the male duct and gland is

most easily perceived. For this purpose it is

only necessary to place the segment between

two slips of glass, and view it by means of a

simple lens, magnifying from twenty to thirty

diameters: a well-defined line (g), more slender

and opake than the oviduct, may then be

traced extending from the termination of the

oviduct, at the lateral opening, to the middle

of the joint, and inclining in a curved or

* The dendritic ovarian receptacles can also be
injected with mercury or coloured bis.-, and ihcy
have been regarded, but erroneously, u formittg

part of the nutrient appvalus.
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slightly wavy line to near tlie middle of the

posterior margin of the segment, where it ter-

minates in a small oval vesicle. This, as seen

by transmitted light, is sub-transparent in the

centre and opaque at the circumference, indi-

cating its hollow or vesicular structure. The
duct, or vas deferens, contains a grumous se-

cretion ; it is slightly dilated just before its

termination.

In this species therefore, as also in Amphk-
tonia amicuiii, the ova are impregnated in their

passage outward. But in several species of

Distoniata, as JJ. chivigerum, ovatum, cirrigc-

rum, and in the DisUnnu hipatkuni, the ova

escape by an aperture situated near the base of

the penis, and reciprocal fecundation exists.

The concourse of two individuals must also take

place in those species of the genus Monos-

tomum, which, like the MoiuKtomnin mutuhile,

are viviparous, and in which the orifices of the

male and female parts are distinct.

All the Sterelmintlia of the Trematode order

are androgynous; but the generative apparatus,

instead of being divided and multiplied as in

the Tienitc, is individualized, and its several

i«irts receive a higher degree of development.

We have selected the figure which Nordraann

has given of the Distomapertatum, on account

Fig. 91.

seen through the transparent integument, c d
the windings of the beginning of the simple

digestive cavity, e e the two intestinal prolon-

gations, /",/' the dilated claviform coecal ter-

minations of the intestines, g the two internal,

and /( the two external trunks of the vascular

system |)roceeding to the anterior part of the

body; ( is the great sacciform uterus, k ap-

parently glandular bodies contained therein,

/ HI the two testes, which are beset internally

with small spines or cilia ; n the projecting

cirrus from which the ova are expelled, o the

terminal dilatation of the oviduct which com-
municates with the testes, p p p p convo-
lutions of the oviduct which are filled with ova,

<j </ the mass of ova which lies above the ovi-

duct, and occupies almost the whole cavity

of the body, r r the passages by which the

ovaries communicate wiUi the uterus or dilated

commencement of the oviduct.

The generative organs present some varieties

in the Plunarue, but are essentially the same
as in the Distoinula. In the I'lanuria laclea

the |3enis and oviduct are situated below, and
the two vesicular and secerning parts of the

apparatus towards the upper part of the body.

The male organ {u. Jig. 92) consists, according

Fig. 92.

Generatioe orgam, Distama perlatum, magnified.

of the clearness with which the several parts

are delineated, but it must be observed that it

deviates in some remarkable peculiarities from

what may be regarded as the Trematode type

of the reproductive organs.

The specimen is seen from the under side,

part of the parieles of the body having been

removed : a is the oral aperture, /) the asophagus

to the researches of Professor Dugfcs, of two.

parts, one of which is free, smooth, semi-

transparent, contractile, and always divided

into two portions by a circular constriction ;

it is traversed by a central canal, susceptible

of being dilated into a vesicle, and is open at

its free extremity, which is turned backwards
;

the second division is thicker, more opaque,

vesicular, adherent to the contiguous paren-

chyma, and receives two flexuous spermatic

canals (6, b). The free portion ofthe penis is con-

tained within a cylindrical muscular sheath (f),

which is adherent to the circumference of the

base of the intromittent organ, and serves to

protrude it externally. This sheath commu-
nicates with the terminal sac of the female

apparatus near its outlet by a projecting orifice

(U). Tlie oviduct (e) opens into the posterior

part of the terminal sac : it is a narrow tube

which passes directly backwards, and dividing

into two equal branches, again subdivides and

ramifies amongst the branches of the dendritic

digestive organ. Besides the ovary there are

two accessory vesicles (^' and A), communicating

together by a narrow duct (f), and opening

into the terminal generative sac.

M. Baer twice witnessed the copulation of
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Planurut iu tliesptoies Plinmrui lorva. Upon
sepanitiiij,' tlit; iiidiviilukils, he iwrL-eivtil a loni;

white lube [irojectiiig from the genital pote of

tuch, provino; the reciprocity of fecundation.

Notwithstanding the comphcated np|)anitus

above described, the Fltmarue are remark-

able for their spontaneous tissiparous gene-

ration, and the facility with which detached

or mutilated ])arts assume the form and func-

tions of the perlect animal, t'ig. 92, o, repre-

sents a Planaria litcteu, with the anterior part

of the body artificially divided in the longitu-

dinal direction
; fg. 92, E, shews the same in-

dividual having two perfect heads, the result

of the preceding operation.

The female generative orisms of the Lingua-
tula (Peiilasloma) tanioides 4>resent a struc-

ture in some respects analogous to that of the

Disluma perlatum : the ovary (ri, n, Jig. 78)
is a part distinct from the tubular oviduct,

and is attached to the integument or pa-

rietes of the body, extending down the

middle of the dorsal aspect. It consists of
a thin stratum of minute granules; clustered

in a ramified form to minute white tubes,

which converge and ultimately unite to form
two oviducts ((), 0, fig. 78). ITiese tubes pro-

ceed from the anterior extremity of the ovary,

diverge, pass on each side of die alimentary

caiial, and unite beneath the origins of the nerves

of the body, so as to surround the oesophagus

and these nerves as in a loop. The single tube

(p) formed by tlie union of the two oviducts

above described, descends, winding round the

alimentary canal in numerous coils, and ter-

minates at the anal extremity of the body. The
single oviduct, besides receiving the ova from
the two tubes (o, o), communicates at its com-
mencement with two elongated pyriform sacs

(;«, wi), which prepare and pour mto the ovi-

duct an opaque white secretion. These bodies,

fiom their analogy to the impregnating glands

in the Trematoda, I was led to regard (in the

description, publisl.ed in the Zoological Trans-

actions, of the only individual of this interesting

species that I have hitherto been able to pro-

cure for dissection,) as testes, and the gene-

ration of the Linguatula to be androgynous,
widiout reciprocal fecundation ; individuals,

however, of the male sex have since been de-

scribed in this species by Miram* and Diesing.

The male Lingnutulu is, as in dioecious

Kntozoa generally, much smaller than the

female : the generative apparatus consists of
two winding seminal tubes or testes, and a
single vas deferens, which carries die semen
from the testes by a very narrow tube, and
afterwards grows wider. It communicates
anteriorly with two capillary processes, or

penes, which are connected together at their

origin by a cordifonn glandular body, repre-

senting a prostate or vesicula semiualis. The
external orifices of the male apparatus, accord-

ing to Miram, are two in luiniber, and are

situated on tiic dorsal aspect of the body, just

behind the head.

Diesiiig, however, describes the male Pen-

' Nova Acta .lead, Nalur* Cuiius. torn. xvii.

tusUmiu as having only a single penis, which
|K-rforates the interspace between the second
and first segments of the body, and protru<les

below and behind the oral aperture.

Much interest attends the consideration of
the reproductive organs of the dicecious En-
tozoa, since they are the first and most simple
forms of the animal kingdom which present

that condition of the generative function. In the

Acanthocephala the structure of the generative

apparatus has been ably elucidated by Cloquet
in the species which commonly infests the

Hog, viz. the Ecliinorhi/nchus gigas. The male
organs consist of uvo testes, two vasa defe-

rentia, which unite*ogether to terminate in a
single vesicula seminalis, and a long penit

gifted with a particular muscular apparatus.

11\e testes (f, A, Jig. 93) are cylindrical

bodies, pointed at both ex-

Fig. 93. tremities,of nearty the same
magiiitude, but situated one
a little anterior to the other.

The anterior one is attached

by a filamentary process (g)
to the posterior extremity of
the proboscis : the posterior

gland is connected by a
similar filament to the in-

ternal parietes of the body.
The vasa deferentia (i),

after their union, form seve-
• ral irregular dilatations (fc),

which together constitute a
lobulated vesicula seminalis.

This reservoir is filled with
a white grumous fluid like

that which is found in the

testes, and it is embraced
jKJsteriorly by the retractor

muscles of the penis (r, r),

which form a kmd of coni-

cal sheath for it.

A small, firm,white, and
apparently glandular body
(</) is situated at the point
of union between the vesi-

cula seminalis and the

penis.

The penis is a straight,

cylindrical, firm, white or-

gan, and in the retracted

state is terminated by a di-

lated portion (»), occupying

„ , , the posterior extremity of
.Vale organs ofgene- ^^^^ j,^, ^^ich disap-
ration, hehinornm- « ' . . .

"^

chuagigat. pears when the intromittent

organ is protruded. This

action is produced by the muscles s, s, when
the penis presents the form of a short broad

cone, adhering by the apex to the caudal

extremity of the body : it is retracted by the

muscles r, r, alwve described.

The female organs consist of two ovarieii

and one oviduct. The former are long and

wide cylindrical canals, which of themselves

occupy almost the whole cavity of the body
extending from die proboscis to the tail (A, A,

fig. 83). They are situated, one at the ventral,

the other at the dorsal asjiecls of the body, and
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are separated in the greater part of their extent

by a septum : see Jig. 84, J', g, which shows
them in transverse section. They contain a

prodigious quantity of ova, and adhere by

their outer surfaces very firmly to the muscular

parietes of the body.

The dorsal ovary opens into the ventral one

by an oblique valvular aperture about an inch

distant from the extremity of the proboscis,

anterior to which the common cavity extends

forwaids between the lateral lemnisci, and

terminates by a conical canal (i, fig. 83), which

is attached to the posterior portion of the pro-

boscis. The two ovaries terminate in a dif-

ferent manner posteriorly, the dorsal one end-

ing in a cul-de-sac, the ventral becoming

continued in a slender oviduct (k), whicli

opens by an extremely minute pore at the

caudal extremity of the body (/). The tissue

of the ovaries is remarkable for its trans-

parency and apparent delicacy, but it pos-

sesses a moderate degree of resistance.

The generative organs in the Nematoidea

are upon the whole more simple than in the

Acanthocephala.

The testis in each of the genera is a single

tube, but differs in its mode and place of ter-

mination, and the modifications of the intro-

mittent part of the male apparatus have

afforded good generic characters.

Genitals musculum, spkulum simplex, is the

phrase employed by Rudolphi in the formula

of the genus Filnria, and this appears to be
foundetl on an observation made on the Filaria

papulosa, in which he once saw a slender spicu-

lum projecting from near the apex of the tail.

According to the recent observations of Dr.

Leblond,* the male-duct in the Filaria papil-

Fig. 94.

Penis of AscarU lumbricoides,

* ** Qiiclfiucs Materiaiix pour scrvir a l*Histoirc

do Filaiics ct Suougles, Bvo. I'aiis, 183()."

lusa terminates at the anterior extremity of

the body close to the mouth. From this

aperture the slender duct, after a slight con-

tortion, is continued straight down the body to

a dilated elongated sac, which represents the

testis.

In the Ascaris tumbricoides the penis (a,Jig.

94) projects from the anterior part of the anus

in the form of a slender, conical, slightly curved

process, at the extremity of which a minute

pore may be observed with the aid of the micro-

scope. The base of the penis (fc) communicates
with a seminal reservoir, and is attached to

seveml muscular fibres, destined for its re-

traction and protrusion : the reservoir is about
an inch in length, and gradually enlarges as it

advances forwards : the testis or seminal tube

is continued from the middle of the anterior

truncated extremity of the reservoir ; it pre-

sents the form of a long, slender, cylindrical,

whitish-coloured tube, extends to the anterior

third of the body, forming numerous convo-

lutions and loops about the intestine, and its

attenuated extremity adheres intimately to the

nutrient vessels of the dorsal region of the

body. The total length of the seminiferous

tube in an ordinary sized Ascaris lumbricoides

is fronj two feet and a half to three feet. Its

contents, when examined with a high micro-

scopic power, consist of a transparent viscous

fluid, in which float an innumerable quantity

of round white globules, much smaller than

the ova in the corresponding tubes of the

female. In the genus Trichocephalus the fila-

mentary testis is convoluted around the intes-

tine in the enlarged posterior part of the body.

The intromittent organ in the Trichocephalus

dispar is inclosed in a distinct sheath, which
is everted together with the penis, and then

presents the form of an elongated cone (c,

Jig. 69), adhering by its apex to the enlarged

anal extremity of the body, and having the

simple filiform spiculum or penis (d,Jig. 69)
projecting from the middle of its base.

In the Strongi/lus gigas the bursa or sheath

of the penis terminates the posterior extremity

of the body, and is a cutaneous production,

of a round, enlarged, truncated form, with the

Jpiculum projecting from its centre, as at B,

g. 71. In other species of Strongi/lus, as in

the Strongi/lus injictus, the bursa penis is bifid,

and in the Strongi/lus arniutus it is divided

into four lobes: the obvious functions of these

appendages, as of the lateral alaeform cuta-

neous productions which characterize the Phi/-

saloplerie and Spiropter.-e, is to embrace the

vulva of the female, and ensure an effective

intromission and impregnation of the ova.

In the genus Cucullanus, and in most of the

smaller species of Ascaris, the intromittent

organ consists of a double spiculum.

This is also the case in the St/ngamus tra^

chealis, the parasitic worm before alluded to as

infesting the trachea of the common fowl, and
occasioning the disease termed the ' Gapes.'

In this species the male individual appears as

a branch from the body of the female. The
testis begins near the middle of the tpsophagus

by a slender blind extremity, and winds round
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the gut, as it descends, gradually enlarging, to

tlie lower part of the intistiin-, where it sud-

denly contracts and runs down, as a very slender

canal, to near the vulva. It is partly covered

by two long slender bodies of a homy sub-

stance, representing a. bifurcate iienis.

I'rom tliis comparison of dill'erent genera

of the Neinatoidea, it is seen that, although

there are many varieties of structure in the

efferent and copulative part of the male gene-

rative apparatus, the essential or secerning por-

tion uniformly consists of a single tube. A
like uniformity of structure does not obtain in

the essential parts of the female organs : in a

few instances the ovary is single, correspond-

ing to the testis in the male, but in the greater

number of the Nemaloid worms it consists of

two filamentary tubes.

The Strongi/lus gigas is an example of the

more simple structure above alluded to. The
single ovary commences by an obtuse blind

extremity close to the anal extremity of the

body, and is finnly attached to the termination

of the intestine ; it passes first in a straight line

towards the anterior extremity of the body,

and when arrived to witliin a short distance

from the vulva, is again

Fig. 95. attached to tlie parietes

of the body, and makes
a sudden turn back-

wards (f. Jig- 95); it

then forms two long

loops about the mid-
dle of the body and
leturns again forwards,

suddenly dilating into

an uterus (e;, which is

three inches in length,

and from the anterior

extremity of which
a slender cylindrical

tube, or vagina, about
an inch in length, (e,d,

jig. 95) is continued,

which after forming a
small convolution ter-

minates in the vulva,

at the distance of two
inches from the ante-

rior extremity of the

body. Hudolphi was
uncertain as to the ter-

mination of the ovi-

duct in the Strongt/lus

gigas, and Professor

Otto, who appears to

havemistaken its blind

commencement for its

termination, believed

that tlieoviductopened

into the rectum.

The theory which

had suggested itself to

lludolphi of the corre-

lation of a simple ovi-

duct in the female with

the spiculum simplex

of the male, and of a

double oviduct with

Anterior exIremUg of the

Strfmgylus giga*, showing

the cttmmeneemcnt of the

digestive ami the termina-

tioH of the generative tube.

the spiculum duplex, receives additional dis-

proof from the circumstance of the uteri and
oviducts being double in tlie Strungylwi in-

ftexus and Strongt/lus armntus. In the former

species (which infests the bronchial tubes and
pulmonary vessels of the Porpesse, and which

1 once found in the right ventricle of the heart

of that animal,) each of the two female tubular

organs may be divided into ovary, oviduct,

and uterus : the ovary is one inch in length,

commences by a point opposite the middle
of the body, and, after slightly enlarging,

abruptly contracts into a capillary duct about

two lines in length, which may be termed the

oviduct, or Fallopian tube, and this opens
into a dilated moniliform uterus three inches

in length ; the divisions here described were
constant in several individuals examined, and
cannot, therefore, be considered to result from

partial contractions. Both tubes are remark-

ably short, presenting none of the convolutions

characteristic of tlie oviducts of Ascaris and
Vduriu, but extend, in a straight line, (with

the exception of the short twisted capillary

communication between the ovaria and uteri,)

to the vulva, which forms a slight projec-

tion below the curved anal extremity of the

body.
TTie reason of this situation of the vulva

seems to be the fixed condition of the head

of this species of Strongylus. In botli sexes

it is commonly imbedded so tightly in a con-

densed portion of the periphery of the lung as

to be with difficulty extracted ; the anal extre-

mity, on the contrary, hangs freely in the

larger branches of the bronchi, where the

coitus, in consequence of the above dispo-

sition of the female organs, may readily lake

place.

In the Strongylus armatus the two oviducts

terminate in a single dilated uterus, and tlie

vulva is situated at the anterior extremity of

the body, close to the mouth.
We find a similar situation of the vulva in

a species of Filaria, about thirty inches in

length, which infests the abdominal cavity of

the Rhea, or American Ostrich. The single

portion of the genital tube continued from the

vulva is one inch and a quarter in length

;

it then divides, and the two oviducts, after

forming several interlaced convolutions in the

middle third of the body, separate ; one ex-

tends to the anal, the other to the oral ex-

tremities of the body, where the capillary

portions of the oviducts respectively com-
mence.

In the Ascaris Lumbricoides the female organs

(fg. 96) consist of a vulvu, a vagina, a uterus,

which divides into two long tortuous oviducts

gradually diminishing to a capillary tube,

which may be regarded as ovaries. All these

parts ai-e remarkable in the recent animal

for their exueme whiteness. The vulva (d.

Jig. 72,) is situated on the ventral surface of

the body at the junction of the anterior and

middle thirds of the body, which is generally

marked at that part by a slight constriction.

The vagina is a slightly wavy canal five or six

lines in length, which passes beneath the in-
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Fig. 96. tostinc and dilates into tlio

iilerus {k, //^'. 90). Tlie

division of tins part soon

takes place, and the coiiuia

extend with an irregularly

wavy course to near the

posterior extremity of the

body, gradually diminish-

ing in size; they are then

reiietted forwards and form

numerous, and apparently

inextricable, coils about

the two posterior thirds of

the intestine. Hunter has

successfully unravelled

these convolutions, and
each of the tubes may be

seen in the prejiaration in

the Hunlerian Collection

to measure upwards of four

feet. The generative organs

contained in the female, or

longer branch of the Si/71-

gumus trac/iealis, have a cor-

responding structure with

those of the ^'emaioidea.

The capillary unbranched
ovary and uterus are double,

as in Ascuris, Spiroptcra,

Filaria, and most iitrun-

gj/lt. The vulva is in the

form of a transverse slit,

and is situated at the ante-

rior third of the body, im-
mediately below the attach-

ment of the male branch.

In the Nematoideu the

male individual is always
smaller, and sometimes dis-

proportionately so, than the

female. At the season of

reproduction the anal ex-

tremity of the male is at-

tached to the vulva of the

female by the intromission

of the single or double spi-

culum, and the adhesion of

the surrounding tumid la-

bia; and, as the vulva of

the female is generally si-

tuated at a distance from

either extremity of her body,
the male has the appearance
of a branch or young indi-

vidual sent off by gemma-
tion, but attached at an
acute angle to the body of

the female.*

In the Heteroura andro-
phora of Nitzch (Hersch
and Griiber's Encyclopa-
die, th. vi. p. 49, and th. ix.

* See Fij^urcs of Nernatoid

Entozoa in copulation, in

Bremser. Icont'S llclnnnthum
tab. iii. ft;. 8. 15. ; aodGurlt,
i^ehrbuch der Pathojog : .4na-

Femate or</(inSf toniie der HaiiR-Saiigethiere,

AscmU lumlrrifutdet. tab. vi. fig. 35,

taf. 3. f. 7.) the male maint;iins an habitual con-

nexion with the female, which has a horny pre-

hensile process for tlie purpose of retaining the

male in this position. Here there is no conflu-

ence of the substance of the bodies of the two
sexes; the individuals are distinct in their su-
perficies as in their internal organiziition. But
this singular species otters the transitional grade
to that still mure extraordinary Knlozoon, the

Sj/ngumus Iriic/icalis, in which the male is orga-

nically blended by its caudal extremity with the

female, immediately anterior to the slit-shaped

aperture of the vulva, which is situated as usual
near the anterior third of the body. By this

union a kind of hermaphroditism is produced

;

but the male apparatus is furnished with its

own peculiar nutrient system ; and an indivi-

dual animal is constituted distinct in every
respect, save in its terminal confluence, witii

the body of the female. This condition of
animal life, which was conceived by Hunter as

within the circle of physiological possibilities,

(see Anim. (Jiconomy, p. 46,) has hitherto been
only exemplified in this single species of Ento-
zoon ; the discovery of the true nature of which
is due to the sagacity and patient research of
Dr. Charles Theodore Von Siebold.

The Entozoa of the parenchymatous class

are chieHy oviparous, those of the cavitary class

for the most part ovoviviparous.

The germinal vesicle has not yet been dis-

covered in the vitelline substance of the ova
of the Acunthocephalu, Trcmutvdu, or Ces-
toidea ; but it is distinctly discernible in the

ova of the Nemntoidea ; I have also observed
and have figured it in the highly organized

ovum of the Linguatula tteiiioides.

The ova of the Ttenia: present considerable

varieties of size and form in different species ;

Kudolphi has figured seven forms of those

ova in the Si/itopsis Eiitozourum, (tab. iii,)*

Some are much elongated and pointed at both

extremities, others elliptical : the ova of the

Botlirioccplmlits tutus are of the latter form,

(<^,fig 89) ; those of the Tieniu sutium are sphe-
rical, as are also the ova of Tieniu Jitlfonnis.

In some species tlie development of the em-
bryo Tape-worm has been observed to have
distinctly commenced in the undischarged ova,

as Hi the rreiiiii i>nli/iinirj>tia. In dissecting a
Touraco infested by the I'a'tuu Jiti/orims, we
found that the segments of the Tffinia in which
the ova were most developed had been i!e-

tached from the rest of the body, a process

remarkably analogous to that which takes place

in tlie htrneie and Enttt/mistfucu, where the

external ovaries are cast off, when charged with

mature ova.

A few of the Trematode Entozoa, as the

Munostomu mutubile, produce the young alive

;

but these have a very different form from the

parent. It would seem that they were des-

tined to pass a transitional state of their ex-

istence in a fluid medium permeated by light,

since two coloured ocelli have been discovered

on the head, and the surface of the body is

beset with locomotive vibratile cilia.

f

• Synopsis Entoz. p. 505, pi. iii. fig. 10, 11,

t Seo Siebold, in Wpigmann's Archiv. 1H35,
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Tlie ova of llie greater part of the TrrmnliHln

arc excluded prior to tlie full <lcvelopineiU of the

ffjetus ; tliey are "{ciierally of an oval but some-
limes spherical form, and many of them singu-

larly resemble the seeds or capsules of certain

mosses, in havmg a small circular portion of

the outer covering separate from the rest, and
closing the cavity of the egg like a lid.

Nordmaim has studied the development of

the young of the Uistotiia hians, which infest

the intestines of the perch. According to this

excc^llent observer tlie (oetus raises, in its en-

deavours to slip out of the egg, the small lid,

and writhes about for some time, being still

attached to one point of the egg. In about

six hours it succeeds in freeing itself from
the egg-coverings; and at this period it difl'ers

in every respect from the shape of the parent

animal ; the body, which is of a mucous con-
sistence and (lerfectly transparent, is of an oval

form ; the anterior mouth fonns a small square-

shaped projection, and the whole surface

of the body is beset with many longitudinal

rows of short cilia, which are in rapid and
incessant motion, and create a vortex in tlie

surrounding water, similar to that which the

Polygastric Infusoria produce. The little

animal having its anterior extremity diminish-

ing to a point, is well formed for swimming,
and by means of its vibratile cilia, quickly

darts out of the field ot vision when tinder the

microscoije. At the distance of one-third of

the body from the anterior extremity there is

a single coloure<l eye-speck, from which, when
pressed between glass |)lale5, there escapes

a brilliant blue-coloured pigment. Thus orga-

nized, the young of the intestinal parasite just

described move to and fro in water as if this

were their natural element, and approximate
in form and structure most closely to the Poly-
giustric Infusoria of the genus Paramtrcium,
Khrenb. In this state, doubtless, they are

ejected by the Fish, in the intestines of which
they were originally developed, into the sur-

rounding water,and whenag-ain received into the

alimentary canal undergo their metamorphosis,
lose, like the Lernea; and Cirripedes, the organ
of vision which guided t'le movements of their

young and free life, and grow and procreate

at the expense of the nutrient secretions with
which tliey are now abundantly provided.

In the Calclminthii the young cast their in-

tegument, and would seem in some species,

as the I'llnriti Midiiunsts, to undergo a change
in the form and proportions of the extremities

of the body, but they do not possess cilia or

ocelli, as in (he Trematoda above-mentioned.
The ova of the Liiigiiatulu are of an oval

form : the germinal vesicle is situated near the

superticifcs half-way between the two extremi-
ties ; the vitelline membrane is surrounded
w'itli a strong cortical membrane : the develop-
ment of the fiitus takes place out of the body.
In the Stniniii/liis ^"^'os, Strungt/lua inftexus,

and a species of 'i'nc/u>.wma intijsting the in-

testines of the (ioatsucker, we have found the

fffitus completely formed in the ova contained
in the uterus or terminal segment of the gene-
rative tube, while those in the ovary or narrow

commencement of the same part were still occu-
pie<l with the granular matter of the vltellus

The mature ova of the Stniiifu/tiu gigwi are

of an elliptical fonn, and the embryo within

is plainly seen coiled up through the trans-

parent coats of the egg; the resemblance which
these bear to the Trichina when inclosed in

its inner cyst is very striking: the hypothesis

suggested by this resemblance need only he

alluded to for the purpose of exciting the at-

tention of those, who may hereafter meet with

the preceding minute muscular ])arasite, to the

existence of larger Nematoid Kntozoa in other

parts of the body.

Cluquet describes the ova in the beginning

of the ovaries of the Atcura Lumbricoides as

consisting of rounded linear corpuscles,

pointed at one extremity, thickene<l at the

other; in the middle of the ovaries they as-

sume an elongated triangular form, and one

of their angles frequently sup|>orts a small

spherical eminence; the base of tlie ovum
adheres to the parietes of the oviduct, the apex

projects into its cavity. In the enlarged canals,

which he terms the comua of the uterus, the

ova are unattached and of a conoid or irre-

gularly triangular figure. In the uterus itself

they have assumed an ovoid or elliptical form,

are surrounded by a transparent glairy mucus,
and are composed of a transparent cortical

membrane, perfectly smooth on the external

surface, and filled with a transjiarent fluid, in

which floats a linear embryo, disposed either

in a straight line or coiled up. Cloquet never

observed the young Ascarides excluded from

the egg in tlie interior of the uterus, and we
equally searched in vain for free embryos in

the generative tubes of the Stiongylus and
Oxyurus above-mentioned, although their de-

velopment in regard to form appeared to be
complete in the ovum ; the structure of the

embryo resembles that of the simpler Vibriones,

there being no generative tubes ap|)arent, and
the cavity of the body being occupied by a
granular parenchyma.

With respect to the exclusion of the ova
in these and similar ovo-viviparous Nematoid
Entozoa, it wouUl appear to be very commonly
accom]ianied with a rupture of the parietes

of the body and of the generative tube. Rii-

dolphi observes, with respect to the Cucullaiius,
" (ivula, verme quieto, (wr intervalla ex vulvil

pullulent; quin eodem disrupto, quod saepe

accidit, ovula vel embryones ex ovariis pro-

lapsis parituque ruptis vi quadam et undatim
protroduntur."

The generation of the Viliiria 'Medinenm is

of the viviparous kind, and the progeny is

countless,—" Filaria? nostrae," observes Kudol-

f)hi,
" prole quasi farctte sunt, quod si harum

ongitudinem illius vcro minulieni spectas,

foetuum raulta inillium millia singulis tribuit."

What is most remarkable is, that these em-
bryos are not, as in the Strongytus and the

Nematoid genera above-mentioned, enveloped

in an e^g-covering, 'nor are they included in a

special generative tube, but float freely along

with a granular substance in the common mus-
cular envelope of the cavity of the body.
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M. Jacobson,* who has recently published a

descripliou and figures of the young Filarin

Medinensis, com^iares the body of the mother
to a tube or sheath inhabited by the young
ones; and, after a careful examination of three

individuals, we have equally failed in detecting

either generative or digestive tubes within

tlie muscular sac of the body. The exten)al

tunic of the body is a firm subtransparent

elastic integument, which, examined under a

high magnifying power, presents fine trans-

verse stria', occasioned most probably by ad-

herent muscular fibres. Within this tunic

and readily separable from it are the longitu-

dinal muscular fibres, which are arranged in

two fasciculi, separated from each other by two
well-marked intervals on opposite sides of the

body, which are indicated by an impression

(or furrow, as the worm dries by evaporation)

on the exterior surface. When from long

maceration the crisp outer integument has

become separated from the longitudinal mus-
cular bands, these might be mistaken for two
tubes contained loosely within the cavity.

1 believe that these muscular bands are the

tubes fibrineuses, described by Dr. Le Blond f
as the alimentary canal and intestine in the

fragment of Filaria Medinensis, which he
dissected. In a small Filaria Medinensis,

containing no vermiculi, we have also failed

to discover any distinct tubes for digestion or

generation.

It is interesting to observe that the young
of the Filaria Medinensis do not resemble the

Earent in form ; one extremity is obtuse, the

ody slightly enlarges for about one-fourth of

its length, then gradually diminishes to within

a tliird of the opposite extremity, which is

capillary and terminates in the finest point.

The enlarged part of the worm contains a

granular substance, and is coiled upon itself,

and presents a distinct but minute annulalion

of the integument : the capillary extremity is

smooth, transparent, and generally straight.

The Trichocephalus dispar closely resembles

in its external form the foetus, if it be such,

of the Filaria Medinensis.
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(R. Owen.)

ERECTILE TISSUE, (tela erectHis; Fr.

tissu erectile ; Germ, das erectile, oder schwell-

bare Gewebe,) a structure composed prin-

cipally of bloodvessels, intimately interwoven

with nervous filaments. This tissue in its ordi-

nary state is soft, flaccid, and spongy; but

when influenced by various causes of excite-

ment, whether these consist of stimuli directly

applied, or operating through the medium of

the sensorium, it exhibits the faculty of admit-

ting an influx of blood much greater in quantity

than what is sufficient for its nutrition, and in

virtue of which it suffers a state of turgescence

giving rise to a swollen condition, with more
or less of rigidity and increased sensibility of

the organs into the structure of which it enters,

and which state has been long known by the

name of erection . From the property of under-

going erection peculiar to this tissue, Dupuytren
and KuUier first applied to it the term erectile,

and the propriety of this distinguishing appel-

lation is now veiy generally admitted by anato-

mical authors.

The erectile tissue is developed in various

degrees in the several parts of the animal

economy in which it occurs; it is abundant

and particularly evident in the corpora caver-

nosa penis, corpus spongiosum urethras, clitoris,

nymphse, plexus rctiformis, the nipples of the

mammary glands, less marked in the red

borders of the lips, &c.; it also enters into the

structure of the papilla; of the skin and the

villi of tlie mucous membranes which possess

the property of becoming erected in the per-

formance of their functions, as is exemplified in

the papillae of the tongue. These consist of the

pulpy terminations of nerves enveloped by this

tissue; in their unexcited state they appear
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small, pale, soft, and thrunkcD ; but when
excited lo erection, tliey become increased in

size, stiff, red, and distended witli blood, at

the saint time that their sensibility is remark-

ably exalted. The foregoing remarks apply

equally to the cutaneous papillir, particularly

those on the l)ulpy extremities of the fingers,

where the sense of touch is developed in its

highest degree of perfection.

Erectile tissue has also been recognised in

the callosities on the buttocks of some of the

quadrumana, in the comb and gills of the

cock, tlic wattles of the turkey, and in the

tongue of the chamelion.* It is not improbable
that this tissue enters into the structure of the

iris ; and licclard seems disposed to consider

that it exists in the spleen, as well from the

appearance which that organ presents when a
section of it is made, as from the different

states in which it is found on opening the

bodies of animals ; being sometimes contracted

and corrugated on the surfece, and at otlier

times plump, smooth, and swollen.

In some of the situations above enumerated,
the erectile tissue is enclosed in a fibrous sheaUi

which limits its extent and determines the form
of the organs in which it occurs ; while in other

situations it is deployed superficially, as in the

tegumentiiry organs.

It is in the corpora cavernosa penis and
corpus spongiosum urethra;, however, that the

erectile tissue has been more especially made
the subject of anatomical and physiological

research ; and the results of the mvestigations

instituted in these organs have been rather

inferred from analogy than directly proved as

equally applicable to it in all other situations

in which its existence has been indicated.

According to De Graaf, Ruysch, Duvemey,
Boerhaave, Ualler, and Bichat, the cavernous
bodies of the penis and urethra consist of a
loose and elastic spongy tissue formed of in-

numerable cells, into which, during erection,

blood is poured from the arteries, and from
which it is afterwards removed by an absorbing
power of the veins. Such an opinion would
accord with the appearances observed by
examining sections of tnis structure after having
been inflated and dried, but careful examina-
tion of it when previously prepared by injec-

tion, proves the foregoing opinion to be founded
in error.

Vcsalius, who appears to have directed his

attention to the particular nature of this struc-

ture in the penis, describes it as composed of
innumerable fasciculi of arteries and veins
closely interwoven, and included in an invest-

ing sheath.

Malpighi considered it as composed of diver-

ticula or appendices -of veins.

Mascagni, who at one time believed in the

existence of cells interposed between the veins

and arteries, in consequence of subsequent
researches abandoned that opinion, and de-
monstrated the fact, that a plexus of veins with
arteries corresponding, but smaller and less

• On the structure and mechanism of the tongue
of the chamelion, by J. Houston, in Transactions
of the Royal Irish Academy, vol. xv.

vol- II.

numerous, formed tlie corpus spongiosum
uredira", glans, and plexus retiformis, and that

the arteries entering this substance terminated

in the commencement of veins.

Mr. Hunter remarked that the corpus spon-
giosum urelhrsE and glans penis were not

spongy or cellular, but made up of a plexus of

veins, and that this structure is discernible in

the human subject, but much more distinctly

seen in many animals, as the horse, &c.

Subsequent researches respecting the struc-

ture of the penis and clitoris of man, the horse,

elephant, ram, &c. Iiave been instituted by
Uuvemey, Mascagni, Baron Cuvier, Tiede-

mann. Kibes, Moreschi, Panizza, Beclard,

Weber, &c. and the result has been a con-

firmation of the views developed by Vesalius,

Malpighi, and Hunter.

Moreschi, in particular, has shewn that the

corpora cavernosa penis, corpus spongiosum
urethrae, and glans consist of a congeries of fine

vessels in all animals, whether covered by skin,

hairs, spines, or scales ; and that these vessels,

which are principally veins, are characterized

by their abundance, tenuity, and softness,

which distinguish them from the veins in the

muscles and other parts of the body.

The annexed figure (f^. 97) firora Moreschi

J^.97.
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fepresents the plexiform arrangemenl of the

veins apparent on the surface of the glans, and
which empty tliemselves into the superficial

veins of tlie penis.

Miiller having more recently investigated

the structure of the penis, has announced the

discovery of two sets of arteries in that organ,

differing from one another in their size, their

mode of termination, and their use ; the first

he calls nourishing twigs (raminutritii), which
are distributed upon tlie walls of the veins and

throughout the spongy substance, difi'ering in

no respect from the nutritive arteries of other

parts ; they anastomose with each other freely,

and end in the general capillary network.

The second set of arteries he calls arteriie heli-

cinic. In order to see these vessels, an injection

of size and vermilion should be thrown into a

separated penis through the arteria profunda

:

when the injection has become cold, the

corpora cavernosa should be cut open longitu-

dinally, and that portion of the injection which
has escaped into the cells carefully washed out.

If the tissue of the corpora cavernosa be now
examined at its posterior third with a lens, it

will be seen that, in addition to the nutritious

arteries, there is anotlier class of vessels of
different form, size, and distribution. These
brandies are short, being about a line in length

and a fiftli of a millimetre in diameter; they
are given off" from the larger branches as well

as from the finest twigs of the artery. Although
fine, they are still easily recognised with tlie

naked eye ; most of them come off' at a right

angle, and projecting into the cavities of the

spongy substance, either terminate abruptly or
swell out into a club-like process without again

subdividing. Tliese vessels appear most obvious
and are most easily examined in the penis of
man, to which the following description refers.

These twigs branch oft' from place to place,

sometimes alone, and sometimes in little

bundles of from three to ten in number ; these,

as well as the former, project constantly into
the cells or venous cavities of the corpora
cavernosa penis. When the arteries thus form
a bundle, they arise by a common stem.
Sometimes such a vessel, whether it proceeds
from the artery as a single branch or as part of
a cluster, divides into two or three parallel

branches, which also either terminate abruptly,
or else swell out near their extremity.

Almost all these arteries have this character,
that they are bent like a horn, so tliat the end
describes half a circle, or somewhat more.
When such a branch so divides itself, there
are formed doubly bent twigs inclined one to
the other.

Many of these arteries enlarge towards their

end; this enlargement is gradual, and is greatest

at some little distance from the extremity, so
that the end is somewhat conical, terminating
immediately in a rounded point without giving
off any branches. The diameter of these arte-

rial twigs, in their middle, is from one-fifth to

one-sixth of a millimeti-e: those which branch
off from the trunk of the arteria profunda
penis are no larger than those which arise from
its finest twigs. It is by no means unusual to

m^M

Fig. 99.

observe the finest twigs of tlie arterki prof\inda

giving off' branches of this kind wliich seem

much thicker than tlie twig from which they

arose. The annexed figure (Jig. 98) (from

Midler's Archiv.) repre-

sents a portion of the

arteria profunda penis of

man, with its arteriae

helicina; somewhat mag-
nified.

These remarkable arte-

ries have a great resem-

blance to the tendrils of

the vine, only that they

are so much shorter in

proportion to their tliick-

ness, whence they have

received the name arterise

helicinse. Their termi-

nations may also be com-
pared to a crosier. By a
more minute examination

of these vessels either with the lens or with the

microscope, it will be seen that, although they

at all times project into the venous cavities of

the corpora cavernosa, yet they are not entirely

naked, but are covered with a delicate mem-
brane, which under the microscope appears

granular (Jig. 99).

After a more forcible in-

jection this envelope is no• longer visible. When the

arteries form a bundle, the

whole is covered by a slight

gauze-like membrane.
With respect to this in-

vesting membrane. Profes-

sor Miiller appears to con-

sider it as performing an
important part in producing

the phenomena of erection.

These tendril-like arteries have neither on
their surface nor their extremities any openings
discoverable witli the aid of the microscope

;

and when the blood, as it is probable, escapes

from them in large masses into the cells of the

corpora cavernosa during erection, it must
eitlier traverse invisible openings, or pass

through small openings which become en-

larged by the dilatation of these arteries. If

the great number of the tendril-like branches

of the arteria profunda be compared with the

very fine nutritious twigs of tlie same vessel,

it is evident that when the former are filled

they must take up the greater part of the blood

of the arteria profunda; the diameter of the

profunda therefore not only includes its nu-
tritious twigs, but also the tendril-like branches,

which derive their blood from it, yet pro-

bably allow none to pass except during erec-

tion ; therefore the blood in the unerected state

only traverses the nutritive branches and ar-

rives at the commencement of the venous cells

in smaller quantities, while during erection it

probably passes in considerable quantity into

the cells through these tendril-like vessels.

Professor Miiller, after pointing out the dif-

ference between the tendril-shaped vessels and
the looped vessels discovered by Weber in the
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vilfi of the plaopiita, obserres : our vessels are

simplu ; they l)t'nd ihcmsclves at the end, but

do not return to their trunk as a loop, being

simply blood-contaming |)rocesses of the ar-

teries which ])roject freely into the cellular

cavities of the veins of the corpora cavernosa.

These vessels are most numerous in the pos-

terior part of the corpora cavernosa ; they

occur but seldom in the middle and anterior

parts : they are also present in the corpus

spongiosum urethrtc, esijccially in the bulb

;

here also they become less frequent anteriorly,

and as yet they have not been perceived in the

glans. They are much more difficult of detection

in the corpus spongiosum urethrae than in the

corpora cavernosa, where they are very easily

exhibited, especially in the human penis. In

no other animal have they been found so dis-

tinct, or so uniform in their existence as in

man. The gr<5iter development of these arteries,

adds Professor Miiller, in the posterior parts of

the organ corresponds with the feet of erection

being always earlier evident there, as if the

blood distributed itself from thence into the

venous cells.

During erection blood is accumulated in

large quantity in the erectile tissue, but the

cause and mechanism of this accumulation are

but imperfectly known. Hebenstreit ascribes

it to a living power, named turgor vitalis,

which exists in diflerent degrees in almost all

the texture* of tlie animal body, but most dis-

tinctly in the erectile tissue. It still remains,

however, to be proved how for erection de-

pends on mechanical pressure affecting the

veins which convey blood from this structure,

and consequent retardation of the venous circu-

lation ; and how far it may depend upon an
increased flow of blood to its arteries accompa-
nied, or perhaps more correctly, occasioned by
an increase of sensibility,* or whether it may not

depend upon the influence of both these

causes combined.
Krectile tissue appears sometimes to be de-

veloped as a morbid production, which has

been described under the names of varicose

tumour, aneurism by anastomosis, na!vus ma-
ternus, telangiectasis, &c. Its anatomical cha-

racters are of the same kind as those of the

[• Fi must be obvious that the discovery of the
arttTuv heluuncB by Professor Miiller favours this

theory of erection, as proving the existence of ves-
sels distinct from the ordinary ones, which receive

and transmit the increased supply of blood to the

venous cells. What, in other organs, is effected

by a diminished tonicity in the arteries, and a con-
sctjucnt enlargement of them, ultimately giving

rise to the tortuosity so striking in some cases, is

here effected by means of a very peculiar set of

arterial processes superadded to the ordinary nutri-

tious arteries of the organ. In the pregnant uterus

the increased supply of blood is provided for by the

enlargement and consequent tortuosity of its ordi-

nary arteries ; there arc no sinuous veins here to

receive the new supply of blood, and consequently
erection is not present ; but in the case of the
penis this phenomenon occurs in consequence of

the existence of the sinuous veins which constitute

so large a proportion of the corpora cavernosa. It

will be interesting to inquire whether any similar
or analogous arrangement of arterial procesaeb
exists in other erectile organs.— En.

]

»pillary vessels, but much larger, espe-

the veitis. It is difficult to inject it from

normal erectile tissue ; it varies In size, bcint;

more or less circumscribed, sometimes sur-

rounded by a thin fibrous envelope; presenting

internally an appearance of cells or spongy
cavities, but consisting, in reality, of an in-

extricable congeries of arteries and veins which

communicate by innumerable anastomoses

like cap

cially I

the arteries, more easy from the neighbouring

veins, which are sometimes much enlarged.

This alteration most commonly exists in the

substance of the skin, where it sometimes re-

sembles the comb and other analogous parts

of the gallinacex. The skin of the fece, espe-

cially that of the lips, is frequently its seat.

It has been observed in the subcutaneous cel-

lular tissue in masses of various dimensions,

sometimes so large as to occupy an entire limb.

It rarely affects the internal organs ; sometimes

it extends beneath the mucous membrane of

the mouth, mostly in the vicinity of the red

borders of the lips. This production is occa-

sionally affected by a vibratory motion amount-
ing sometimes to a pulsation resembling that

of ananeurismal tumour, which is increased by

all the causes which excite the activity of the

general circulation ; it cannot be properly said

that this structure has tlie property of under-

going erection. It is oflen congenital, some-
times it appears to hare been produced by
accidental causes ; it sometimes remains un-

altered; but it more usually continues to in-

crease in size until some of its cavities burst,

when haemorrhage of a troublesome description

ensues.

Beclard considers the ha;morrhoidal tumours

which occur round the anus as constituting a
variety of anormal erectile tissue.
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(J. Hart.)

EXCRETION.—Tliis term is applied to the

formation of those fluids in the animal economy,

which are destined to no useful puqiose in the

system, but are intended to be discharged from

it, and the retention of which is injurious or

L 2
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even fatal. Tlie term used by the older phy-
siologists was excremeiititious secretions. Some
general observations may be made on tlifese ex-

cretions, with the view both of stating the pre-

sent extent of our knowledge on this mysterious

subject, and of pointing out the im|X)rtance of

an arrangement and combination of facts re-

lating to It, which are usually treated, perhaps,

in too unconnected a manner, but the con-

nexion of which is already perceptible, and
can hardly fail to be satisfactorily elucidated

in the progress of physiology.

When we shall have more precise informa-

tion as to the peculiar, and hitherto obscure

principles, which regulate the chemical changes

continually taking place in living bodies, it does

not seem unreasonable to anticipate, that a dis-

covery will be made, connecting the excretions

of the body with the assimilation of the food,

and with the nourishment of tlie different tex-

tures, a discoveiy which may be equally as

important in illustrating the chemical phenome-
na of the living body, as that of the circulation

was in explaining those changes which come
more immediately under our observation. In
the mean time, we can point out a great deal of
contrivance, connected with the general function
of excretion, and can state what are the general

injurious results, when this contrivance fails of
its intended effect; but we are unable to explain
how tlie contrivance effects its purpose, or to

point out any general law, by which these in-

jurious results are determined.

I. We may state, in the first place, that the
necessity for some kind of excretion, or dis-

charge of certain matter from the organized
frame, corresponding to the acts of nutrition,

or of reception and assimilation of external

matter, is a law of vital action, applicable to all

organized beings without exception. The uni-
versality of the excretion of carbon, (whether
pure, or in the form of carbonic acid, we need
not now inquire,) has been established by the
inquiries of Mr. Ellis and others, and the poi-
sonous influence of the carbonic acid, in an un-
diluted state, to all living beings, is an equally
general fact. In all animals, which possess
organs of such size and distinctness as to make
their economy matter ofobservation, other excre-
tions aie likewise observed ; and in vegetables,
it is not only certain that various excretions,
besides the exhalation of water and of carbonic
acid, take place, but it is even believed by
De Candolle, that all the peculiar products
of vital action, excepting only gum, sugar,
starch, and lignine, (which have nearly the same
elementary composition, and are convertible
into one another,) and, perhaps, fixed oils, are
applied to no useful purpose in the economy,
and are poisonous to the plants in which they
are formed, if taken in by their roots and com-
bined with their sap ; so that, although often
long retained in individual portions of the
plants, they all possess the essential characters
of excretions.* And it appears to be well ascer-
tained by the observations of De Candolle and
of Macaire, that at least great part of the proper

' Physiol. Vcget. p. 217.

juices of vegetables, which descend chiefly by
their bark, and are expelled into the soil, are

destined to excretion only, and are noxious to

plants of the same species, or even of the same

families, if growing in that soil (although often

useful to the growth of plants of different fami-

lies); and this principle has been happily ap-

plied by the foi-mer author to explain the neces-

sity of rotation of crops of diflerent natural

families, to prcventdeterioration of the produce.*

As this necessity of excretion appears to be

so general an accompaniment of the vital action

of all organized beings, it seems obvious that

there must be some general law, which deter-

mines the noxious quality of these products of

that action, and imposes the necessity of their

expulsion. Yet it is certain that the chemi-

cal elements which pass off" in the excretions,

are the same which are found in the textures of

the animal body, and in the nourishment, which

is essential to animal life.

It would appear, therefore, that the noxious

property belongs to certain combinations only

ofthese elements, which are formed in the course

of the chemical changes in living beings, and

which, when once formed, must either be ex-

pelled from the body, or else laid up in cells

appropriated for the purpose, (as in the case of

the resins and volatile oils in vegetables, and of

the bile in the gall-bladder in animals,)andkept

out of the mass of the nourishing fluid.

There is one general fact, on which much
stress has been justly laid by Dr. Prout, which

is confirmed by M. Raspail, and which may,
perhaps, be concerned in determining the

noxious qualities of certain compounds, in liv-

ing beings, viz. that although the elements

which enter into the composition of organized

bodies, readily combine, in other circumstances,

so as to form crystals, yet the peculiar combi-

nations which they form in all the textures

which are essential constituents of those organic

structures are never crystalline. When a crystal

occurs in an oi-ganized body, according to Dr.

Prout,t it is always either the result of disease,

or of some artificial process, or it is part of an

excretion, separated from the nourishing fluid

and from the useful textures.! Every one of

these textures contains, even in its minutest

particles, saline and earthy, as well as animal

or vegetable matter ;§ but the combinations are

always so arranged, by the powers of life, that

these saline and earthy particles are always dif-

fused through membranes, fibres, or cells, never

concentrated in crystals. On the other hand,

the elements constituting the peculiar matters of

the excretions are generally in such a state of

combination as readily to assume the crystalline

form, either alone, or in the simplest farther

combinations of which they are susceptible

;

and it seems possible, that this circumstance

may be part at least of the cause which necessi-

tates their expulsion. This is only matter of

• Ibid. p. 249, and p. 1496.

t Lectures in Medical Gazette, vol. viii.

X *' Jamais je n'ai aper9U," says Raspail, " de
cristaux dans le sein d*une cellule vivante et d'ac-

croisemt-nt," Raspail, Cbimie Organique, i 1378.

^ Ibid. ^1390.
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speculation, but tlmt somp such general prin-

aple determines the incompatibility of the mat-
tera of the excretions with the life of the struc-

tures in which they are formed, can hardly be
doubted.

II. Although the necessity of various excre-
tions is obvious, there is a difficulty, both in

the case of animals and vegetables, in fixing on
those products of vital action which come exclu-
sively under this denomination ; and it appears
certain, that some of the on»ans of excretion

(such as the lungs) are at the same time de-
stined to other purposes, particularly absorption

;

and even that part of certain excreted fluids

(such as the bile) is employed likewise in the
work of assimilation. But it is certain that the

lungs or gills, the skin, the intestines, and the
kidneys, are the outlets for excreted matters in

all vertebrated animals.

1. There can be no doubt that tlie watery
vapour and carbonic acid which are exhaled
from the lungs, are strictly excretions, although
it is still doubted by some physiologists, whe-
ther the latter .substance is truly exhaled, or
rather formed at the lungs; on the latter sup-
position we should say, that the excretions of
the lungs are water and carbon. It appears
certain, from some experiments of Dr. Gordon,
that no animal or saline matter escapes by this

outlet. ITie total amount of loss by this excretion
in twenty-four hours, in a middle-sized man, has
been stated by Lavoisier and Seguin as aver-

aging about fifteen ounces ; and it must be re-

membered, that as we have good evidence of
very considerable absorption at the lungs, the
whole quantity of matter excreted must consi-

derably exceed this weight. Indeed, Mr. Dal-
ton estimates the exhalation of watery vapour
only from the lungs at twenty-four ounces in

the day. Some have estimated the quantity of
carbon alone escaping in this way in the day at

eleven ounces; but this estimate is probably
exaggerated. It seems to be ascertained by the

experiments of Dr. Edwards, of Uespretz, and
Collard de Martigny, that there is at times an
obvious exhalation of azote by the lungs; and
Dr. Edwards expresses an opinion that there
is probably, at all times, both an exhalation

and absorption of that gas, but that these

processes in general nearly compensate one
another. According to Dr. Prout s views, re-

cently, though briefly, announced, we may, per-
haps, state the source and cause of the forma-
tion of the carbonic acid, and assign the use of
the excretion of the water, which escapes by the
lungs, with more precision. He supposes the

acid to be evolved in the course of the circula-

tion, by that " process of reduction," by which
the gelatin of the animal textures is formed
from the albumen of the blood ; and the water
to be given oft' chiefly /rom theweuk albuminous
matters of the chicle, and to be an essential part
of the " process of completion," by which tliis

is converted into the strong albumen of the
blood.*

2. The excretion by the skin is chiefly

* S«e Jiridgewatcr Treatise, p. 524,

watery vapour ; the escape of carbon, or carbonic
acid, by this outlet appears to be to a very small
amount, and to be very variable. In the sen-
sible perspiration or sweat there is an excess of
lactic acia, a small quantity of the same animal
and saline matters as are contained in the serum
of the blood, and a little oily or fattv matter,

probably from the sebaceous glands ; t)ie whole
loss by this excretion in the human adult has
been stated as averaging about thirty ounces in

the day, but is evidently liable to very gre-at

variety. Many experiments prove that there is

much less compensating absorption by this tex-

ture than by the lungs.

3. The excretions by the bowels are, proj)erly

speaking, only those parts of the alvine evacua-

tions, which are secreted within the body itself,

and mixed with the residue of the food. It is

probable that part of the secretions from all

parts of the primee via; are thus excreted, but
the only one of which it has been ascertained

that it is, in part at least, destined necessarily

for excretion, is the bile. It is certain tliat the

peculiar animal matter of this secretion, (re-

garded by some as of pretty simple and by
others as of very complicated composition) is

never found in the healthy state in the lacteal

vessels or thoracic duct—that it is found in full

quantity along with the residue of the aliments
in the lower intestines,—thai it is increased in

quantity when the excretion of urine is sup-
pressed in animals by extirptation of the kid-
neys ; and again, that when this secretion is sup-
pressed, the urine is increased and altered ; and
we can therefore have no difficulty about regard-

ing this part of the bile as strictly an excretion,

notwithstanding that we have good evidence,

that at least the alkali of tlie bile is of use in

the digestion and assimilation of the food. Of
the quantity of matter strictly excreted from the

intestines in the day it must of course be very
difficult to judge. The chemical elements that

escape in the biliary matter must be chiefly

carbon and hydrogen.

4. The urine is the most complex of the ex-

cretions, particularly a.s to saline impregnation,

containing not only the salts which are detected

in the blood, but a portion of every earthy and
saline matter that can be found in any part of
the body, besides the peculiar and highly azo-

tised animal matters, lithic acid and urea. The
average quantity of urine passed in twenty-four

hours may be about forty ounces, but is very

liable to variation, particularly by temperature,

being generally greater, as the excretion by the

skin is less. The quantity of solid matter,

animal, earthy, and saline, that passes ofl' in

this way has bieen stated at about fifteen drachms

on an average, and is evidently much less liable to

change, the density of urine, in the healthy state,

always diminishing as its quantity increases, and
vice versa. 'Ilie milk, and the semen, although

destined to no useful office in the system in

which they are formed, are rather to be called

recremcutitious secretions than excretions. Yet

the former has this property in common with

excretions, that its retention within the body,

when the conditions of its fbmiation exist, w
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hurtful. The menstrual discharge may be

regarded as strictly an excretion, though one
which is required only in the human species

and for a limited time.

Uerzelius stated several distinctions, which
he thought important, between the excrcmen-

titious and recrementitious secretions in the

animal body, ])articularly that the former are

always acid, that each of tliem contains more
than one animal matter, and that their salts are

more numerous and varied than tliose in the

blood, wliile the latter have an excess of alkali

from the same saline ingredients as the serum

of the blood, and each contains only a single

animal principle, substituted for the albumen
of the serum. But these distinctions are cer-

tainly inapplicable in several instances, and the

only one of them which appears to be a general

feet, is the more complex saline impregnation

of the excreted fluids.

III. It is unnecessary to dwell on the well-

known injurious effects, on the animal ceconomy,

of the suppression of any of these excretions.

It may, indeed, reasonably be doubted, whether

the rapidly fatal effects of obstructing the ex-

posure of the blood to the air at the lungs are

owing to the retention of carbon, or carbonic

acid ; it seems much more probable that the

cause which stops the circulation at the lungs

in asphyxia, is the suspension of the absorption

of free oxygen into the blood, rather than the

suspension of the evolution of carbon or car-

bonic acid. But even if the circulation could

be maintained, after the exposure of the blood to

the air is suspended, we know that the carbonic

acid which we have good reason to believe

would soon be in excess in the blood, would
then act as a narcotic poison. Of the effects of

suspension of the excretion by the skin we can-
not speak with certainty, because that is a case

which probably hardly ever occurs ; and if it

were to occur, the lungs and kidneys would
probably act as perfect succedanea. But it is

worthy of notice that at a time when the skin is

known to be nearly unfit for its usual functions

—during the desquamation that succeeds exan-
thematous diseases, and especially scarlatina,

—

the lungs and the kidneys, on which an unusual
burden may thereby be supposed to be thrown,
are remarkably prone to disease. The effect of
suppression of the excretion of urine (i. e. of
ischuria renalis), whether occurring as a disease
in man, or produced by extirpation of the kid-
neys in animals, is uniformly more or less of
febrile symptoms quickly followed by coma
and death ; and in these circumstances it is

now known, that the urea may be detected in

the blood. A variety of morbid affections, and
particularly an affection of the nervous system
marked by inaptitude for nmscular or mental
exertion, always follows the obstruction of the
excretion of bile, and absorption of bile into
the blood constituting jaundice.

There are a few cases of intense jaundice
which terminate in coma and death as rapidly
as the isclmria renalis does, and with as little

morbid appearance in the brain to explain this

kind of fatal termiiiation
; and m several such

cases the remarkable phenomenon has been

observed after death, that the bile-ducts have

been pervious and empty.* It is obvious, that

it is this last circumstance only, that can

make a case of jaundice analogous to cases

of the ischuria renalis. If it shall a])pear

to be a general fact, that the cases of jaundice

presenting this remarkable apiiearance on
dissection are those which terminate with

unusual rapidity in the way of coma, the

analogy will appear to be complete ; and when
such cases are compared with those, much
more frequently occurring, where the excretion

of bile is only obstnieted, not suppressed, and
where months frequently elapse without any
bad symptom occurring,— it appears a reason-

able conjecture, that the retention in the blood

of matters destined for excretion, is more
rapidly and certainly injurious than the re-

absorplion of matters which have been excreted

from the blood at their ordinary outlet, but not

expelled from the body.

Although there is still much obscurity in

regard to the intention of the menstrual dis-

charge, yet it may be stated as a general fact,

tliat the suppression of this evacuation is more
frequently followed by injurious effects (particu-

larly afl'ections of the nervous system, or vica-

rious haiinorrhage) than the stopping of an equal

amount of ha:'morrhage, going on e(|ually

slowly, would be ; so that the general principle

ai)plicable to otlver excretions is exemplified

here likewise.

IV. The next question in regard to the ex-

cretions is, in what manner they are effected
;

and on this question, although we must profess

ignorance in the last result, yet it is instructive

to observe, what seems now to be well ascer-

tained, that the large size, and apparently com-
plex structure, of several of the organs of excre-

tion, appear to be no part of the contrivance

for the formation of these fluids from the blood.

It is stated by Cuvier, as tlie result of a
general review of the structure of glandular

organs in different classes of animals, that pro-

ducts very nearly resembling each other, and
evidently answering the same ends, are formed

in organs where the structure, and the disposi-

tion of vessels are very various ; and again,

that substances the most widely difl'erent are

formed in organs that are m these respects ex-

tremely similar ;t and that this should be die case

will uot appear surprising when we consider

the result of the most minute and accurate

observations on the ultimate structure even of

those secreting organs, which form substances

the most dissimilar to the general nourishing

fluid, either ofanimals or vegetables. " Chaque
cellule de la structure vegetale," says De
Candolle, " peut ctre consideree coniine une

vesicule organique et vivanlc, qui est entouri'e,

on de cavites dans lesquelles abordent des

liquides, ou de cellules rem plies elles-mtimes de

* See Marsh in Dublin Hospital Reports, vol. iii.

Two cases of exactly the same description have oc-

curred within these few years in the Edinburgh
Clinical wards.

t Lemons d'Auat. Comp. t. v. p. 214.
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liquides. Cette vesicule, par sa vitaliu^ propre,

absorbc uiie partie du fluidc qui Tentoure;

ce fluide est ou de I'eau prtsque pure, el alors

elle en est simplemciit impregn<''C et lubrifi^e ;

ou de I'eau plus ou moins cliargee de cette

maticre gumraeuse, elaljorec dans les feuitles,

et d'autres niatibres aliinentaires qui peuvent

se trouver portees avec la seve dans les diverses

parties. La vesicule i/ui I'a absorbie lui Jail
tubir unc action determinee d'uprit sa propre
nature, et cette action moditiu les materiaux

contenus dans la cellule, de maniere a en faire,

ou I'une des maticrcs communes que nous
avons considcrt'es, ou I'une des inatiferes que
nous aurons bieutot ti examiner, telles que
les liuiles volaliles, les resines, &c. Certains

vaisseaux analogues fl la nature des cellules

jouent le menie role sous ce rapport. Les
matifcres ainsi localement elabor(;es peuvent, ou
rester dans les cellules ou les vaisseaux qui

Icur ont donn6 naissance, ou s'extravaser au
dehors et donner lieu, soit a des excretions, soil

& des transports dps matibres d'une partie h
I'autre du tissu."*

The description given by Dutrochet of the

act of secretion as it may almost be detected

in the glands of the lovver classes of animals,

is exactly similar. " Entre les vesicules qui
coinposetit le tissu organique des animaux
rainpent les vaisseaux sanguins, chez les animaux
a circulation : ces vesicules sont appliquees

sur les parois des vaisseaux ; et il est certain

que la caviW; des vesicules ne communique
point immediatement avec la cavite des vais-

seaux, puisque le raeme fluide n'existe point

dans leurs cavity's. Ce fait est trfcs facile a
verifier, en examinant au microscope le tissu

d'un organe secretive chez uu moUusque gas-

teropode, celui de la foie par example : on
voit toutes les vesicules de cet organe remplies

par la bile, que Ton distingue £ sa couleur,

tandisque les vaisseaux sanguins qui cotoient

ces vesicules n'ont que la diaphaniete que Icur

donne I'etat incolore du sang qui les remplit.

Ainsi, les vaisseaux sanguins u'(^-xistent que
comme des moyens d'irrigation pour les vesi-

cules qu'ils cotoient, et ce n'est peut-etre que
parfiltration que le fluide sanguin p^nfctre, en
ti modijiant, jusque dans ces vesicules elemen-
taires. Le systdme sanguin, considert; dans
son entier, forme une cavity sans issue, dans
laquelle rien ne pent entrer, et de laquelle rien

ne pent sorlir, autrement que par filtration.''^

Any one who is acquainted vpith the elabo-
rate " V'asorum Lympliaticorum Ilistoria" of
Mascagni, vrill recognize the perfect accordance
of this statement vvitli the result of his cartful

and minute investigation of the structure of the

secreting organs in the higher animals.^
W'e may consider, then, the act of secretion,

" en demifcre analyse," as consisting simply in

" Physiol. Vegetalc, p. 215.

t Ij'agent immcdiat Ju mouvcmcnt vital devoiU,
&c. p. 192.

{ It most not be considered as ascertained, that
the files or tracks of globules of blood seen under
the microscope, and usually called capillaries,

have really, in all animals, and all parts of these,
vascular coats. It seems pretty certain, that in

the passage of certain portioof of a comjmund
fluid through a thin living membrane, and tlie

exclusion of others; or, according to the for-

tunate expression of Dutrochet, as a chemical

filtration. " All that is necessary for any
kind of secretion in a living animal, says Mr.
Mayo, " is a vascular membrane, and all the

arrangements of the glands appear to be merely

contrivances for conveniently packing a great

extent of such a surface in a small com|>ass."

And if we are asked, to what cause we can

ascribe this escape of certain matters from tlie

circulating fluid through one portion of mem-
brane, and of others through anotlier, we can

only answer, in the words of this last aiidior,

that it depends on the exercise of certain " vital

affinities, ' peculiar to the living state, and the

existence of which will always be an ultimate

fact in Physiology, aldiough we may attain to

a knowledge of the laws according to which
tliey o|)erate.

V. One principle may already be laid down,
almost with certainty, as to the exercise of these

powers in the present instance, viz. that the

peculiar matters characterizing the excretions

are not actuallyybrmet/ from the blood at the

parts where they appear, but only separated

from llie blood at these parts,—their formation,

if not actually completed, having been at least

considetably advanced, in the blood itself

which reaches these parts. Of tliis we are

well assured, chiefly by the following facts.

1. The experiments already mentioned, first

made by Prevost and Dumas, have proved

that within a short time after the extirpation of
the kidneys in animals, urea may be detected

in the blood, showing clearly that the existence

of these glands is not necessary to the forma-

tion of this very peculiar excrementitious matter,

and giving us reason to conjecture that the

oflfice of the kidneys is, not to form the urea,

but to attract it out of the blood as fast as it is

formed there. The same existence of urea in

the blood has been ascertained in the human
body, both in cases of diseased kidneys, when
tlie excretion tliere was much impeded, and in

cases of malignant cholera, when the excretion

was suppressed. Tlie cases of rapidly fatal jaun-

dice already mentioned, where the bile-ducts were

pervious and empty, would seem to have been
cases where the peculiar matter of the bile has

been in like manner formed in the blood,

without finding the usual vent at the liver.

And it will appear under the head of Itespira-

tion, particularly from the experiments of Dr.
Edwards, and of Collard de Martigny, tliat

there is good reason to believe the carlwnic acid

of expired air to be formed in the course of the

circulation, and only exchanged for oxygen at

tlie lungs.

2. There are various instances in disease, of

substances generally found in the secretions of

certain glands only, being deposited in situa-

tions quite unusual, and where no texture

similar to these glands exists; e. g. cholesterine,

many cases they are only lines or membranes, or

channels in a solid parenchyma ; but still the obser-

vation in the text applies strictly to the escape of

any particles of the ciKulating fluid from them.
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wbich in the natural state is found only in tlie

bile, has been found deposited in diseased

structures in tlie brain, kidneys, pelvis, scro-

tum, &c. ; and lithic acid, naturally existing

only in the urine, is deposited in cases of chalk-

stone in the textures immediately surrounding

the joints of the fingers and toes. It seems to

be nearly in like manner that purulent matter,

when mixed in unusual quantity with the

blood, as by inflammation of a vein, is fre-

quently deposited in individual parts of the

body, with little or none of the usual sym-
ptoms, or of the other accompaniments, of in-

flammation at these parts.

3. There are a considerable number of cases

recorded on unexceptionable evidence, where

excretions have passed off per aliena cola, i. e.

by organs which in the natural state yield no
such products, and the structure of which is

widely different from that of the glands where
they are usually secreted. This has been most
frequently observed of the milk and of the

urine, and of the latter, both in cases where
the secretion at the kidneys had been sup-

pressed, and in cases where its discharge by
the urinary passages has been obstructed, so

as to occasion its re-absorption. In both cases

it is obvious that the peculiar matter of this

excretion must have been first mixed generally

with the blood, and then deposited in indivi-

dual parts of the system, widely different as well

as distant from those where it usually appears.

In cases of this kind collected by Haller,*

the vicarious discharge of urine is stated to

have occurred from the skin, from the stomach,

from the intestines, and from the nipples; and
in cases recorded by Dr. Arnold and Dr. Sen-

ter in America, it is stated to have been passed by
vomiting, by stool, from the nose and fi'om the

mammae, as well as other parts.f Both in

cases given by Ilaller, and in one recorded in

Magendie's Journal de Physiologic, (vol. vii.)

milk is stated to have been evacuated in quan-
tity from pustules that formed on the thigh

;

and among the former are instances of its hav-

ing passed off" from the salivary glands, the

kidneys, and the uterus. Such statements

were formerly considered as fabulous, but since

the facts already mentioned (and particularly

the appearance of urea in the blood after ex-

tirpation of the kidneys) have been ascertained,

this scepticism seems no longer reasonable.

It must be here observed, that the healthy

blood is easily shown to contain in itself mat-
ters more nearly akin to all the solid textures

and to the other secreted fluids of the body,

than to the bile and the urine ; and hence, if

we are satisfied that the elaboration of these

latter fluids is efi'ected in the blood itself, and
does not essentially require any special action

of the organs in which they usually appear,

there can be little hesitation about extending

this inference to other acts of secretion and
to nutrition. It appears, therefore, at least

highly probable, that the whole processes of as-

similation and elaboration of the fluids in the

• Elem. Phys. lib. vii. ch. 1.

t London Med. and Phys. Journal, 1828.

living body are carried on, as other chemical

changes on fluids are, in the interior of these

fluids themselves, and that the solids of the

body are concerned in these changes only in

two ways : first, by securing the complete sub-

division and intimate intermixture of the fluids

necessary to their chemical chances ; and second-

ly, by determining the parts of the body where

peculiar matters, already existing in the blood,

shall be deposited from it, or attracted out of it.

VI. We may next enquire, what is the most
probable originul source of the matters which
are thrown out of the body in the way of ex-

cretion. As it is generally believed, and on

strong grounds, that the solid textures, as well

as prepared fluids of the body, are liable to

continual decay and renovation, it has long been

the general belief, that the materials for the ex-

cretions are supplied chiefly from those sub-

stances which have formed part of the textures,

and, after fulfilling their office there, have been

taken back into the circulation with a view to

their discharge from the body. And it has

been conjectured, certainly with much probabi-

lity, by Berzelius and by Autenrieth, that the

animal matters thus mixed with the blood on
their way to the excretories, are distinguishable

from the albuminous or nutritious parts of the

blood, by their solubility both in hot and cold

water, and constitute the animal matter of the

serosity, or uncoagulable animal matter of the

blood. This is supported by the observation,

that, when the kidneys are extirpated, this

part of the blood is first observed to increase

in amount, and afterwards it is here that the

urea is detected.* And tlie connexion of

the excretions with absorption from all parts of

the body seems farther illustrated by the pheno-

mena of diabetes, which may be held to be the

disease in which there is the strongest evidence

of increased absorption in all parts of the body,

from the rapid digestion, the rapid recurrence

of thirst after drinking, the dryness of the sur-

face, and the progressive emaciation notwith-

standing the excessive amount of ingesta ; and
in which the quantity of the urine is often ten

times, and the solid contents of the urine often

twenty times, the average quantity in health.f

But it should not be too hastily concluded,

that all the solid constituents of the animal body

are liable to continual absorption and renova-

tion. The permanence of coloured marks on

the skin, noticed by Magendie, is sufficient

evidence, that, in some of the textures, any such

change must go on very slowly ; and some of

the best observers doubt whether any such pro-

cess of alternate deposition and absorption takes

place in vegetables, in which, nevertheless, as

we have seen, excretion is a necessary process.

* Prevost et Dumas in Ann. dc Chimie, t. xxiii.

p. 97.

t The change of nature of the animal part of

this solid matter, (viz. the disappearance of part of

the urea, and substitution of an excessive quantity

of sugar,) is evidently connected with the singular

fact ascertained by Dr. Prout, that sugar differs

from urea simply in containing no azote, and a dou-

ble quantity of carbon and oxygen : a discovery

which will, probably, acquire a greatly increased

importance in the progress of organic chemistry.
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Dr. Proul lias lately stated strong reasons for

thinking, that great part of the contents of the

lymphatic vessels are not excrcmentilious, but

destined for useful purposes in the animal eco-

nomy; remarking particularly on the way in

which hybernating animals appear to be nou-

rishe<l by absorption of their own Jut*
And it is obviously possible, that the excre-

tions may be required to purify the blood of

matters taken in Jrom without, or evolved in

the course of the cireulation and its abundant

changes, as well as to purify it of what has

been absorl)ed /'rom the system itself. Now
that we know, that great part of the ingesta into

the stomach are taken up by the veins, and pass

through the liver on their way to the heart ; and,

likewise, that the venous blood is the chief

source of the excretions of bile, it seems pro-

bable, that 0[ie important use of this excretion

is, to subject a part of the ingesta to a second

filtration, or rejection of part of their ingre-

dients, subsidiary to that which they undergo in

the prima via;. This may also be probably one
principal reason why the great mass of the chyle,

and other products of absorption in the body,

should be mixed with the blood just before its

concentration at the heart, and subsequent dif-

fusion through the lungs ; and thus participate

in a purification, by the rejection of water and
carbonic acid, before they ate applied to the

purposes of nutrition. We know, that in birds,

reptiles, and fishes, there is a venous circulation

similar to that of the vena porta;, through the

substance of the kidneys, of most of the blood

coming from the lower half of the body ; a

pari of the ingredients of that blood will, there-

fore, be evolved with the urine; and, in the

case of the reptiles, it has been lately ascertained,

that this venous blood receives, before entering

the kidneys, the contents of numerous and large

lyniphalics.f

At all events, if we are right in supposing,

that, in the higher animals, all the great chemi-

cal changes which arc wrought on the blood,

even the formation of the excretions, are effected

during its circulation in the bloodvessels them-
selves, we can thereby acquire a general notion

of the intention of several contrivances, the use

of which is otherwise very obscure. We can

understand, that the object of the concentration

of tlie blood at the heart may be not merely

mechanical, but, partly, also chemical ; and we
can see the intention of the heart being so ad-

mirably adapted, by the articulated structure of

its internal surfaces, not only to receive and
propel, but also most effectually to intermix, all

the component particles of the blood, both be-

fore and after its exposure to the air ; the most
perfect illustration of which power of the heart

IS afforded by the effect it produces on any com-
pressible and elastic fluid which is received in

a mass of any considerable volume into its cavi-

ties, and which is necessarily subdivided into so

many minute globules, and compressed in so

many directions, that it cannot escape from the

heart, and so stops the circulation.

* Bridgewater Treatise, p. 515, et sen.

t Miillcr, in Phil. Transaciious, 1833.

Again, wlien we attend to the maimer in

which substances foreign to the circulation arc

absorbed into it, whether from the system itself,

or from without, we see a great deal of contri-

vance, evidently adapted, and prol)ably intended,

to secure the raosx gradual introduction, and the

most perfect intermixture possible, and to allow

the escape of certain parts of the compound
fluid formed. Thus of the contents of the

primse vis, part are absorbed into the veins, and
sent through the capillaries of the liver and
those of the lungs, (both admitting of excretion,)

before tliey are sidmitted into the arteries.

What is taken up by the lacteals has already

undergone much elaboration by living fluids

;

this jx>rtion passes through the mesenteric glands,

and is, probably, so far intermixed with the

blood there, and partly received into the veins

passing from them to the liver;* and the rest is

mixed with much matter flowing from other

parts of the system by the lymphatics; and,

according to the views of Dr. Proutf as to the

nature of absorption, is so far assimilated by
this mixture also, before it is poured into the

great veins in the state of chyle, to undergo the

thorough agitation at botli sides of the heart,

and to participate in the changes at the lungs.

What is absorbed from other parts of the body
seems to be partly taken up by the veins, partly

also by lymphatics which immediately convey
it into adjacent veins; the remainder passes

through lymphatic glands, and is there pretty

certainly subjected to an intermixture and an
interchange of particles with blood ; after

which it has necessarily much further admix-

ture, and two thorough agitations at the heart,

as well as the exposure at the lungs, to undergo,

before arriving at the left side of the heart.

In those of the vertebrated animals which
have no lymphatic glands, the thorough inter-

mixture of the fluids contained in the lymphatic

vessels is provided for by numerous plexuses,J

and, in the case of reptiles, by distinct lympha-
tic hearts communicating with veins ;§ ana we
are sure, that much of the matters absorbed in

these animals, whether by veins or lymphatics,

passes through the capillaries of the kidneys or

liver, as well as the lungs, before reaching the

arteries.

When we see so much contrivance, evidently

adapted for giving every facility to the gradual

operation of the vital affinities subsisting among
the constituents of the blood, before it reaches

the scene of any of the acts of nutrition, secre-

tion, or excretion, we cannot be surprised to

find, that these acts themselves should api)ear

to be so simple as the observations already

quoted would seem to indicate.

It must be admitted, that if we consider these

contrivances in the higher animals as important

agents in the elaboration of the blood, and con-

sequent fotroation of the textures and prepared

fluids of the body, there is a difficulty in under-

standing how these objects can be accomplished

* Tiednminn et Gmelio, Recherche*, &c.

t Bridgewatcr Trealisc, ubi tupra.

j Cuvier, Lev""'- *"• '• '»• P- ^•
I Miillcr, ubi tupra.
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in the lowest classes, particularly the insects

and zoophyta, where the nourishment of various

textures, and formation of secretions and excre-

tions, has been thought to be merely in the way
of imbibition from a central cavity.* Hut it is to

be observed, that in several of these tribes, in

insects, and even in the infusory animals, recent

observations have disclosed a much more com-
plex apparatus for the movement of the tiuids,

than was previously suspected. And, in regard

to the lowest zoophyta, it may be said in general,

that if there is little apparent provision for the

elaboration of the tiuids, there is also little

occasion for it,

—

first, because there is little

variety of textures to be nourished, and
secondly, because the simplicity of their

structure is such, that all the particles of their

nourishing fluid,— admitted into a central

cavity, flowing thence towards their surface, and
acted on by the air at all parts of that surface,

—

are similarly situate in regard to all the agents

by which they can be affected, and must be
equally fitted for the changes which the vital

affinities there acting on them can produce, so

that the same necessity for gradual intermixture,

and repeated agitation, of heterogeneous mate-
rials, does not probably exist in them, as in

the animals of more complex structure. The
analogy of their economy, therefore, is not a
serious objection to the inference we have
drawn from so many other facts, as to the
numerous changes which are wrought in the
blood of the higher animals, while circulating

in the vessels, and as to the function of excre-
tion being a necessary accompaniment of the
assimilation of aliment, and nutrition of tex-
tures, even independently of their renovation by
processes of ultimate deposition and absorption

.

( W. P. Alison.)

EXTKEMITy, (in human anatomy), mem-
brum,artus; Gr. ^tXo;, xwXo» ; Fr. extremiti,
memhre ; Germ. Gliedmusscn ; Ital. membro.
This term is used to denote certain appendages
most manifest in the vertebrated classes of
animals, employed as instruments of prehen-
sion, or support, or motion, also occasionally
employed for other purposes sufficiently in-
dicated by the habits of the animal. In fa-

miliar language we apply the word, limb,
synonymously, and the superior and inferior

limbs of man, or the anterior and posterior ones
of the Mammiferous (iiiadrupeds, are the best
examples by which we can illustrate our de-
finitioa. \Vlien these a])pcndaues exist in their

complete number, i. e. four, they are distin-

guished either by the ap))ellalives already
mentioned, anterior and |)osterior, or superior
and inferior, or more precisely pectoral, and
pelvic or ventral, or again utluntal and sacral.

In Fishes we find that in most instances the
anterior limbs (pectoral fins) are larger than the
posterior (ventral fins) : and sometimes the
posterior are absent altogether, as in the com-
mon eel. In Fishes we look for the simplest
form of the skeleton of the more highly de-
veloped limbs in Man and Mammalia: and

* Cuvier, LcfODS, &c. 27.

here we find, more or less obviously in dtAbr-

ent instances, the same elements which sub-
sequently appear in a more distinct and com-
plete form. Thus, in the case of the Lophius
piscatorins, we find very distinctly the scapula

and clavicle forming the bond of connection

of the other bones of the limb to the tnmk.
We can also recognize the radius and ulna,

what seems to be a very rudimentary humerus,
and the bones of the carpus, as well as the

phalanges, which generally greatly exceed in

number any arrangement that is to be found
in the higher classes. Tlie ventral fins, how-
ever, the analogues of the posterior extremities,

are not so developed : while bones analogous to

the phalanges of the feet are found in it, we meet
no trace of the femur, tibia, or fibula.

In all the other Vertebrata we find the an-

terior and posterior extremities developed on
a plan similar to that in man, with such vari-

ations as the manner of life of the animal
requires. We must, however, notice an excep-

tion in the case of serpents and Cetacea. In
the former there are no limbs, or at least the

merest trace of them ; in the latter Uie pos-

terior are absent, although the anterior exhibit

very perfectly all the elements of the human
upper extremity.

We propose to devote the present article to

the detail of the descriptive anatomy of tlie

osseous .system of the extremities in Man,
in whom, by reason of his erect attitude, the

terms superior and inferior are substituted for

anterior and posterior, as applied to the ex-

tremities of the lower animals.

Superior extremiti/.—The superior extremity

is connected to the trunk through the medium
of two bones, which, as being intimately con-

nected with the motions of the limb, first de-

mand attention. These bones are the clavicle

and scapula, and are commonly called the

bones of the shoulder.

Clavicle (from clavis, a key ;) collar-hone ;

syn. ligulu, jugulum, osj'urcalc; Germ. Sc/ilus-

selbein. This bone is situated at the upper
and anterior part of the thorax, and forms the

anterior part of the shoulder: its direction is

from within outwards, so that its external end,

which is articulated with the scapula, is pos-

terior, and on a plane superior to its internal

end, which is articulated with the sternum.

It thus constitutes the key to the bony arch

formed at the shoulder, and hence its integrity

is especially necessary to the integrity of the

motions of the shoulder.

The clavicle is a long bone, cylindrical, and
so curved as to resemble the italic _/' placed

horizontally. Its internal extremity is thick

and rounded, while its external one is flat-

tened ; of its two curves one is internal, with

its convexity directed forwards ; the other ex-

ternal, with its convexity directed backwards.

The internal extremity, also called sternal,

is formed by a gradual expansion of the shaft

of the bone, which, however, still preserves

the general cylindrical form, but is flattened a

little on its superior surface : in size this ex-

ceeds all other parts of the bone. The inner

surface of this extremity of the clavicle is



EXTREMITY. 155

destined for articulation with the ttemum, and

accordingly we find on it a considerable arti-

Cl!lar facet, which is convex from alwve down-

wards, and concave from before backwards.

The outline of this surface is trian^lar, and

each angle is easily distineuisliahle by the

degree of its prominence : thus, one angle is

situated anteriorly and inferiorly, it is the least

prominent ; a second is posterior and inferior,

It is the most prominent ; and the third is su-

perior, and may easily be felt under the inte-

guments in the different motions of the bone.

The external or acromial end of the clavicle

is at once distinguished by its flattened appear-

ance; it is flattened on its superior and in-

ferior surfaces. At its extremity we find an

elliptical articular surface adapted to a similar

one u|)on the acromion process ; this surface is

nearly plane, its long axis is directed horizon-

tally from before backwards.

The body or shaft of the bone presents se-

veral ])oints deserving of notice. The superior

surface is smooth and rounded, expanding to-

wards the sternal end, where it affords attach-

ment to the clavicular portion of the stenio-

mastoid muscle. It expands likewise towards

the acromial end, but loses the cylindrical

fonn and becomes flattened : the central part

is the most contracted and the most cylindrical

;

here the bone is almost subcutiineous, being co-

vered only by the common integument, some
fibres of the platysma, and crossed by the

supra-clavicular filaments from the cervical

plexus of nerves.

On the inferior surface of the clavicle we
notice towards its sternal end a rough surface

for the insertion of the costo-clavicular or rhom-
boid ligament : external to this and extending

outwards is a su))erficial excavation along the

inferior surface of the bone, which lodges the

subclavius muscle. This groove terminates at

the commencement of the external fourth of

the bone, where we notice a rough and promi-

nent surface for the insertion of the coraco-cla-

vicular or conoid and trapezoid ligaments; in

the articulated skeleton this surface corresi)onds

to the root of the coracoid process, immetiiately

over which it lies. On the inferior surface,

near its middle, is the orifice of the canal for

the transmission of the nutritious artery, the

direction of which is outwards.

The anterior edge is thicker and more rounded
towards the inner than towards the outer end,

where it jxtrtakes of the general Haltened ap-

pearance of the bone at that part; in the former

situation it affords attachment to the pectoralis

major muscle—in the latter to the deltoid. The
two internal thirds of this edge are convex, its

external third is concave.

The posterior edge is smooth and thin upon
its two internal Uiirds, thicker and rougher at

its external third, where the trapezius muscle is

inserted into it; in the former situation this

edge is convex, in the latter it is concave. The
relations of the clavicle in this situation are in-

teresting : it forms the anterior boundary of a

space somewhat triangular in form, through

which a communication is formed between the

axilla and tlie necly. The posterior boundary

of this opening U formed by the (operlor

border of the scapula, and the internal by the

inferior vertebra of the cervical region of the

spine, while the first rib constitutes a sort of

Hoor, over which pass the various vessels, nerves,

and other parts which enter the cavity of the

axilla, nie anterior third of the first rib passes

beneath the stenial end of the clavicle, but its

two ]X)sterior thirds lie on a plane superior to

it. Consequently we find that the cone of the

pleura jjasses up behind this end of the clavicle

so as to be on a level with it, hence the so-

noriety elicited by percussion of the clavicle,

and hence likewise the possibility in many
instances, where embonpoint does not interfere,

of hearing the respiratory murmur in the supra-

clavicular region.

The great importance of the clavicle in the

motions of the upper extremity is rendered

abundantly evident by observing how com-
pletely synchronous are its movements with

even the slightest change of position in the arm.

liut this is illustrated in a more striking man-
ner by reference to the comparative anatomy of

this bone. Tliose animals only possess a well-

developed clavicle whose habits of life require

extensive and varied movements of the shoul-

der. Where the anterior extremity is employed

merely as an instrument of progressive motion

on a plane surface, we have no clavicle ; hence

this bone is absent from the skeletons of Pa-
chydermata, Ruminantia, Solipeda, and the mo-
tions of the shoulders are oidy such as are

required for the flexion and extension of tlie

limb. In the Camivora, where there is a slight

increase in the range of motion of the anterior

extremities, a rudimentary clavicle exists, and in

this class we observe that the size of the bone in

the different orders bears a direct relation to the

extent of motion enjoyed by the limb. Thus
it is smallest in tlie Dogs and largest in the

Cats; in these animals it has no attachment to

either the sternum or the scapula, but is enclosed

in the flesh, and does not occupy much more
than half the space between the two bones last

named. " But, however imperfect," says Sir

C. Bell, " it marks a correspondence in the bones

of the shoulder to those of the arm and paw, and

the extent of the motion enjoyed. When the

bear stands up, we perceive, by his ungainly

attitude and the motion of his paws, that there

must be a wide difference in the bones of his

U])per extremity from those of the ruminant or

solipede. He can take the keeper's hat from

his licad and hold it; he can hug an animal to

death. The ant-bear especially, as he is defi-

cient in teeth, possesses extraordinary powers

of hugging with his great paws; and, altliough

harmless in disposition, he can squeeze his

enemy the jaguar to death. These actions and

the power of climbing result from the structure

of the shoulder, or from possessing a collar-bone

however imperfect."*

In tliose Nlammalia that dig and burrow in

the ground, or whose anterior extremities are

so modified as to aid tliem in flight, or who

are skilful in seizing upon and holding objects

• Bridgcwater Tieatiie, p. 48.
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with their paws, the clavicle is fully developed,

and extends the whole way from the scapula to

the sternum. Tlius in the Rodentia this bone
is very perfect, as, for example, the Squirrel,

the Beaver, the Rabbit, the Rat, &c. The liat

affords an example of a very strong and long

clavicle, as also the Mole and the Hedgehog
among the Insectivora.

Among the Edentata those tribes possess a

clavicle whose habits are fossorial, as the Ant-
eater, the Armadillos, and even the Gigantic

Megatherium, in which animal, however, the

clavicle presented the peculiarity of being arti-

culated with the first rib instead of with the

sternum. In the Quadrumana the clavicles are

strong and curved as in the human subject.

In Birds, the bone which is analogous to

the clavicle presents similar variations in its

developement, according to the range of motion

required in the anterior extremity, or in other

words, in proportion to the extent to which the

powers of flight are enjoyed. Thus, in some
these bones are anchylosed along the mesial

line, and constitute the furoulum ; in others

they are cartilaginous internally ; and in others

they do not reach the sternum.*

In women the clavicle is in general less curved

than in men ; the diminution in the incurvation

is most manifest in the external portion . Accord-
ing to Cruveilhier, the clavicles are often une-

qually developed in the same individual accord-

ing as one limb is more used than the other, and
sometimes the difference is sufficiently obvious

to enable one to ascertain from the relative size

of the clavicles, whether the individual is right

or left-handed.

Structure.—^The clavicle contains a conside-

rable proportion of compact tissue in its shaft,

and a cylindrical medullary canal ; at the ex-

tremities the compact tissue greatly diminishes,

and is replaced by the reticular, which likewise

fills up the bone and obliterates the medullary
cavity.

Developement.—A strong argument as to the

great importance of this bone to the motions of
the shoulder, is derived from its precocious de-

velopement; for although the cartilaginous nidus

of the vertebra; as well as that of the ribs appear
before that of the clavicle, yet the latter bone
begins to ossify sooner and is completed more
rapidly than any other bone in the body, ex-

cepting perha]is the lower jaw, which some-
times takes the precedence in the process of
ossification. It is remarkable too for the diver-

sity in its proportional size, which it presents

at different periods; thus, according to Meckel,
about the middle of the second month of

pregnancy, the clavicle is four times longer

than the humerus or femur, and it is not until

the fourth month that the humerus exceeds it

in length. The clavicle has but one primitive

point of ossification : a supplementary point is

developed under the form of a very thin lamella

at the anterior part of the sternal extremity .f
Scapula, scupulum, otnoplata, (lu^of, hume-

rus, w^^aTl;?, latus.) Ft. omoplate; Germ, das

Schulterblutt.—This bone forms the posterior

• See AVES, p. 285, vol. i.

t Cruveilhier, Anat. Ucsc. t. i. p. 219.

and principal portion of the shoulder; it is

placed on the posterior and outer part of the

thorax, and occupies a space which extends from

the second to the seventh rib.

The scapula is very thin in the greatest part

of its extent, quite papyraceous in some places.

It is triangular in form, and anatomists com-
monly describe its sides or borders, its angles,

and its surfaces.

The bordere, or casta, of the scapula are

three in number, and are named according to

the position they occupy or the relation

they bear: thus there are the superior border

or cervical, the posterior or vertebral, and the

anterior or axillary. The cervical border (also

called the coracoid) is the shortest, being some-
what less than a fourth of the length of the

vertebral border; it is connected posteriorly

with the vertebral at an angle the apex of which
is rounded off; it is slightly concave,and the bone
for some way below it is very thin, and the bor-

der itselfis acute. Anteriorly it terminates in a

notch which is bounded in front by one root ofthe

coracoid process, (incisura semilunaris, lunula,

coracoid notch.) Tliis notch is converted into

a foramen by a ligament which is often ossi-

fied, and thus the suprascapular nerve, which
is lodged in the notch, is separated from the

artery of the same name, which passes over

the ligament. The extent, therefore, of the

cervical border is from the posterior superior

angle to this notch. The levator anguli sea-

pulse and the omo-hyoid muscles are attached

to this border.

The vertebral border, also called the base of

the scapula, is the longest, being in an ave-

rage-sized bone from seven to eight inches in

length ; it is sharp in its whole extent, which
is limited above by the posterior superior angle,

and below by the inferior angle. At the junc-

tion of the superior fourth with the remaining

portion there is an inclined surface, triangular

in form, the base confounded with the margin
of the bone, the apex continued to the spine.

This surface is smooth, and the ascending

fibres of the trapezius muscle glide over it.

To that part of this edge, which is above the

surface, the levator anguli scapulse is attached,

and below it the rhomboidei.

The anterior or axillary border is limited

above by the glenoid cavity, and below by the

inferior angle of the scapula. It is much
thicker than either of the others, and its thick-

ness increases towards its upper extremity,

where, close to the glenoid cavity, there is a
rough surface which gives attachment to the long

head of the triceps muscle ; inferior to this, the

edge affords insertion to the teres minor muscle,

and still lower down to the teres major.

The superior and posterior angle is formed

by the junction of the cervical and vertebral bor-

ders; it is a little less than a right angle, and is

chiefly remarkable for affording insertion to the

levator anguli scapula; muscle. The inferior

angle, formed by the union of the axillary and
vertebral borders, is very acute; the bone here is

very thick and spongy ; part of the latissimus

dorsi glides over this angle, and sometimes

some of its fibres aie inserted into it. It is
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only this portion of the muscle which separates

tills i»rt of the scapula from the common inte-

guments, and to this su)>erficial position is at-

tributed the more frequent occurrence of frac-

tures from direct violence in this* tlian in any
other portion of the bone.

The angle between the cervical and axillary

borders is truncated, and presents many points

of great interest. We here notice an articular

concavity, destined to contribute to the for-

mation of the shoulder-joint, commonly known
under the name of the glenoid cavity, (sinus

articularia.J This cavity, which is a very

superficial one, is oval ; the long axis of the

oval being vertical in its direction, the acute

extremity of the oval is situated superiorly,

and here the edge of the bone is cut and
rounded off towards the posterior part, where
is inserted the tendon of the biceps. The
cavity is surrounded by a thick lip of bone,

to which in the recent state the fibro-cartilage,

called glenoid ligament, is applied. At the

internal or anterior part of this border, is a

notch for the passage of the tendon of the sub-

scapularis muscle. The aspect of the glenoid

cavity when the scapula is quiescent is outwards
and slightly upwards and forwards. This cavity

is connected with the rest of the bone by a thick

but contracted portion denominated the neck

of the scapula. The neck of the scapula is

surmounted by a remarkable curved process,

called the coracoid process, (xo^ix^, corvus.)

This process, well compared to a semiflexed

finger, is directed forwards and outwards, it is

connected to the scapula by a thick portion,

which seems to arise by two roots, one posterior,

thick and rough, lying immediately in fix>nt

of the notch in tlie cervical border, the other

anterior and thin, and connected with the apex
of the glenoid cavity. The concave surface

of the coracoid process is directed downwards
and outwards, and in the recent state projects

over the upper and internal part of the shoul-

der-joint : its convex surface is rough, and has

inserted into it the ligaments by which the

clavicle is tied to it. The coracoid process

affords attachment by its internal edge to the

pectoralis minor muscle ; to its outer edge is

affixed the ligament which, with the acromion
process, completes the osseo-ligamentous arch

over the shoulder-joint, and by its summit it

gives insertion to the short head of the biceps

and to the coraco-brachialis.

It remains only to examine the surfaces of
this bone. The anterior surface forms in the

greatest part of its extent a shallow fossa, J'ossa

suhscapularls, which is limited above and be-

hind by the superior and posterior margins of
the bone, and in front by a smooth and rounded
ridge, which extends from the glenoid cavity

to the inferior angle. Tliis fossa is frequently

intersected in various directions by bony ridges.

Cruveilhier remarks, that in a well-formed per-
son, this surface ought to be exactly adapted
to the thorax; but when the chest is contracted,

as in phthisical patients, the scapula not par-

ticipating to a proportionate extent in the con-
traction, there follows such a change of re-

lation that the scapuls become very promment

behind, and are in some degree detached from
the ribs like wings, whence tlw; expression

scapula alata, applied to the projection of tlie

shoulders in phthisical patients. Tlie whole
fossa has lodged in and inserted into it the

subscapularis muscle, whence its name. At
the superior posterior angle and the inferior

one, are rough surfaces into which are inserted

the superior and inferior fibres of the serratus

magnus muscle.

The posterior Surface is remarkable for its

division into two portions by a large process

which projects from it nearly horizontally back-

wards and slightly upwards. This process, called

the spine of the scapula, is fixed to the bone
at the line of union of its superior and mid-
dle thirds ; it commences at the triangular

surface already noticed at the termination of

the superior fourth of the vertebral border of

the scapula, thence it pixiceeds outwards, in-

clining a little upwards, and just where the

neck of the scapula is united with the rest

of the bone, this spine ceases to be connected

with the scapula, and is continued outwards in

a slightly arched form, as a broad and flattened

process, denominated the acromion proceu,

(xx^of, summus, ufiof, humerus.) The spine

presents posteriorly a thick and rough edge,

which by its superior border gives attachment

to the trapezius muscle, and by its inferior to

the deltoid, the intervening space being covered

by the aponeurotic expansion which connects

the muscles last-named. The superior surface

of the spine looks nearly directly upwards ; it

is concave, and contributes to form the fossa

supra-spinata. The inferior surface, on the

other hand, forming part of the fossa supra-

spinata, is convex anteriorly and slightly con-

cave posteriorly, and looks downwards and
backwards ; on each surface we observe a large

nutritious foramen. The posterior edge of the

spine is quite subcutaneous, and the physician

often finds it desirable to practise percussion

upon it.

Above the spine of the scapula is \heJ'ossa

supra-spinata, which lodges the muscle of the

same name, formed in front by the scapula,

behind by the spine, both surfaces being

slightly concave. Below the spine is the fossa

supra-spinata much larger than the preceding,

slightly convex, except towards its anterior

Eart. This fossa is formed by the scapula

elow and the inferior surface of the spine

above ; it is limited in front by a ridge which

proceeds downwards and backwards, from the

glenoid cavity to the inferior angle, and bounds

behind a surface which gives attachment to

the teres major and minor muscles. Into this

ridge itself is inserted a fibrous fascia, which

se|)arates the attichment of the last-named

muscles from the fossa infra-spinata and the

insertion of the muscle of the same name. The
two fossae, thus separated by the spine, com-

municate through a channel formed on the

posterior part of the neck of the scapula and

bounded behind by the spine ; through this

channel pass the arterial and nervous ramifica-

tions from the superior to the inferior fossa.

The acromion process is evidently continu-
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ous will) the posterior thick edge of the spine

of the scapula, and viewed from above ap-

pears to be merely an expansion of it. The
narrowest part of the process is where it seems

to spring from the spine, forming a sort of

pedicle. Its posterior surface is convex, rough,

covered with fibrous tissue in the recent state

;

its aspect is upwards and backwards. Here
the process is quite subcutaneous as the pos-

terior part of the spine of the scapula. The
anterior surface is concave, smooth, looks

downwards and forwards to the posterior and

superior part of the shoulder-joint. The
posterior or inferior edge of the process con-

tinuous with the corresponding edge of the

spine of the scapula forms a curve, convex

downwards and outwards, and terminates

in the pointed extremity or apex of the pro-

cess; all this edge affords atlacliment to the

deltoid muscle. ITie superior edge is con-

cave ; near the apex we observe upon it a

plane oval articular surface to which the acromial

extremity of the clavicle is articulated ; into

this edge the trapezius muscle is inserted.

The apex of the acromion, which is imme-
diately in front of the articular surface for the

clavicle, gives insertion to the apex of the liga-

ment, whose base is attached to the outer edge

of the coracoid process.

The scapula is connected to the trunk through

its articulation with the clavicle, but chiefly

through the intervention of muscles, so that

muscles are inserted into all its edges, and its

Surfaces are " cushioned with muscles." It is,

then, as might be anticipated, a very moveable

bone, and its motions consist in more or less

extensive revolutions round an axis through its

centre. This bone, then, being the medium
of connexion between the pectoral extremity

and the trunk, it is evident that the great move-
ments of tlie former must depend upon the

movements produced in the scapula by the

muscles which pass to it from die trunk; more-
over, when some of these muscles fix the

scapula, it becomes the point whence the others

act in producing the motions of the ribs. The
scapula, then, is an essential element in the

upper extremity, and it exists wherever we
find that limb in a perfectly developed state,

but it experiences various modifications in

position and shape according to the uses to

which the upper extremity is applied. In
quadrupeds the position of the scapula is more
forwards and on the side of the chest, for in

tliem the anterior extremity is employed as an
instrument of support. It is interesting to

observe the variation in the aspect of the glenoid

cavity, according to the oblique or upright

position of the scapula, indicating whether

the pectoral extremities are used chiefly as

instruments of support or as instruments of

prehension, &c. When freedom and rapidity

of motion are required conjoined with strengUi,

we find the scapula placed obliquely over the

ribs, and a corresponding obliquity between

the humerus and scapula. " In the horse, as

in most quadrupeds, the speed results from
the strength of the loins and hinder extremities,

for it is the muscles there which propel the

animal. But were the anterior extremities

joined to the trunk firmly and by bone, they

could not withstand the shock from the descent

of the whole weight Uirown forwards ; even

though they were as powerful as the posterior

extremities they would sufl'er fracture or dis-

location. We cannot but admire, therefore, the

provision in all quadrupeds whose speed is

great, and whose spring is extensive, that, from

the structure of their bones, they have an

elastic resistance by which the shock of descend-

ing is diminished.
" If we observe the bones of the anterior

extremity in the horse, we shall see that the

scapula is oblique to the chest, the humerus
oblique to the scapula, and the bones of the

fore-arm at an angle with the humerus. Were
these bones connected together in a straight

line, end to end, the shock of alighting would
be conveyed through a solid column, and the

bones of the foot or the joints would suffer

from the concussion. When the rider is thrown

forwards on his hands, and more certainly when
he is pitched on his shoulder, the collar-bone

is broken, because in man this bone forms a

link of connexion between the shoulder and
the trunk, so as to receive the whole shock

;

and the same would happen in the horse, the

stag, and all quadrupeds of great strength and

swiftness, were not the scapula sustained by

muscles and not by bone, and did not the

bones recoil and fold up."
" The horse-jockey runs his hand down the

horse's neck in a knowing way and says, ' this

horse has got a heavy shoulder, he is a slow

horse.' He is right, but he does not under-

stand the matter; it is not possible that the

shoulder can be too much loaded with muscle,

for muscle is the source of motion and bestows

power. What the jockey feels and forms his

judgement on is the abrupt transition from the

neck to the shoulder, which, in a horse for the

turf, ought to be a smooth undulating surface.

This abruptness or prominence of the shoulder

is a consequence of the upright position of the

scapula; the sloping and light shoulder results

from its obliquity. An upright shoulder is the

mark of a stumbling horse—it does not revolve

easily to throw forward the foot."*

A comparison between the skeleton of the

anterior extremity in the elephant and in one

of the stag kind illustrates how the oblique

position of the scapula is favourable to rapidity

of motion, while the upright position is that

most calculated for supporting weight. In the

elephant the glenoid cavity of the scapula is

placed vertically over the head of the humerus,

and all the other component parts of the limb

are similarly disposed, so as to form a complete

pillar of support for the trunk. Hence the

attitude of standing in the elephant requires

but slight muscular effort, and in this position

he is in such complete repose as often to obtain

sleep. In this animal, then, the angle between

the scapula and humerus is nearly obliterated,

but in the stiig it approaches closely to a right

angle, the scapula is oblique to the ribs, and

* Sir Charles Bell, Bridgowater Treatise.
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the humerui to the scipula. The rule s«cms

to lie tlial wliere tin: pectoral cxtremily is cliieHy

a pillar of supjxjrt, the aspect of the glenoid

cavity is nearly vertically downwards. If free-

dom and ra|)idity of motion be requirwl in

addition to strength as a member of support,

the trunk being lighter, the scapula is oblique,

and consequently the glenoid cavity looks

downwards and forwards ; or if the limb be
not used to support the trunk, dien the aspect

of the glenoid cavity is no longer downwards
but outwards, as in man.

Structure.—^The greatest part of the scapula

is composed of very thin almost papyraceous

compact substance ; but its processes, and the

enlargements at its edges and angles, contain

reticular tissue.

lievelopanent.—This bone is developed by
six points of ossification ; one for the body,

and five supplementary ones, viz. one for tlie

coracoid process, two for the acromion, one
for the posterior border of the bone, and one
for its inferior angle. The ossification of the

body commences about the second month, and
the spine appears in the third month as a
growth from tlie posterior surface of the scapula.

Tlie union of the several epiphyses is not

completed till late, and it is not until after the

fifteendi year that the ossification is finished.

The bones of the upper extremity, properly

so called, arc tlie humerus, radius, ulna, and
bones of the hand.

Humerus, (us brachii; Fr. Fos du bras;

Germ, das Oherurmbcin). Tliis is the longest

bone of the upper extremity; it is situated

between the scapula and forearm, being, as it

were, suspended by muscle and ligament from
the former.

Like all long bones, the humerus consists

of a shaft and two extremities. Tlie superior

extremity is formed by a smooth and rounded
convexity, rather less than half a sphere ; a
slight depression in, or constriction of, the

bone, most manifest above, marks the limit of
tliis articular emiuence. The eminence is

called the head of the humerus ; the constric-

tion indicates what is denominated the anato-
mical neck of the bone, being that portion

which coiuiects the head to the shaft, and
analogous to the more developed neck of the

tl\igh-bone. The axis of die neck is but a
continuation of that of the head, and passes in

a direction from within outwards and down-
wards, forming an obtuse angle with the axis

of the shaft. The head of the humerus is

entirely covered by articular cartilage, and arti-

culates with the glenoid cavity of the scapula,
to which, however, it obviously does not at all

corresjwnd in dimensions.

Tlie inferior part of the anatomical neck of
the humerus is very slightly marked, and is

continued in a smooth declivity slightly con-
cave from above downwards, into the shaft of
the bone. Its superior part is more distinct,

and the depth of the groove here seems in a
great degree owing to the prominence of two
bony protuberances, one situated anteriorly,

called the lesser tuberosity, and the other pos-
teriorly, denominated the greater tuberosity.

The lesser tuberosity of the humenis (tuber-
eulum minus) is somewhat conical in shape,
and inferiorly it ends in a smooth, roundea
bony ridge (spina tuberculi minoris), which
extends downwards and inwards, gradually

diminishing in prominence till it is lost in the

shaft of the bone at the inner part of its ante-

rior surface. Tlie lesser tuberosity gives in-

sertion to the tendon of the subscapularis

muscle, and the ridge or spine last described

forms the anterior and internal boundary of the

bicipital groove.

Tlie greater tuberosity (luberculum majus,

externum s. posterius) forms a considerable

prominence on the upper and outer part of
the humerus, being the most external part in

that situation and easilv to be felt under the

integuments. Superiorly the constriction cor-

responding to the anatomical neck separates it

from the head of the humerus ; uiferiorly it is

continued into and gradually lost in the shaft

of the bone at its outer part. A very distinct

and prominent ridge fspina tuberculi majoris)

is continued from its anterior extremity down-
wards and inclining very slightly inwards,

which terminates about the middle of the an-
terior surface of the bone, just internal to the

deltoid ridge. This ridge is most prominent
but smooth in its upper third, in its inferior

two-thirds it is less prominent but rough; it

forms the posterior boundary of the bicipital

groove. On the greater tuberosity three dis-

tinct surfaces are marked, to the anterior of
which the supra-spinatus muscle is attached,

to the middle the inlra-spinatus, and to the
posterior the teres minor.

The bicipital groove commences above be-

tween the two tuberosities, and passes down-
wards and slightly inwards, bounded before

and behind by the spines which proceed from
those tubercles. This groove, very distinct at

its commencement, ceases to be so a little

above the termination of the superior third

;

in the recent state it is lined by the tendinous

expansion of tlie latissimus dorsi and teres

major muscles, and lodges the tendon of the

biceps muscle, whence its name.
From the anatomical neck die bone gra-

dually tapers down and becomes more cylin-

drical in its form ; this upper portion is, for the

convenience of description, distinguished by
the name of surgical neck of the humerus.

The middle third of the shaft of the bone
is prismatic in form ; the external .spine

which commences at the greater tuberosity

is continued down, forming a prominent

ridge all down the front of the bone to the

termination of its flattened inferior third. The
outer part of the middle third of the humerus
is remarkable for the rough surfece into which
the deltoid muscle is inserted, the deltoid ridge,

situated nearer the upjier than the lower part

of this jxirtion, and directed downwards and
very slightly forwards. The inner part of the

middle third presents a smooth, flattened, and
inclined surface, which is continued down in

this form to within a very short distance of the

inferior extremity of the bone. The posterior

surface is rounded and very smooUi.
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At the junction of the middle and inferior

thirds we notice a very slight and superficial

groove passing downwards and inwards, and
very much resembling what one would ima-
gine might be produced by an attempt to twist

Sie bone while yet in a yielding condition, the

inferior third having been twisted inwards and
the two superior thirds outwards. This groove

indicates the spiral course from above down-
wards and from without inwards of themusculo-
spiral or radial nerve. Below this groove is the

inferior third of the humerus, the anatomical

characters of which are very distinct from those

of the remaining parts of the bone. A pro-

minent and rounded ridge, continuous with

that already noticed in connexion with the

greater tuberosity, passes vertically down in

front of it; from each side of this ridge a

smooth surface inclines backwards, forming

an inclined plane on each side of it, the ex-

ternal being larger and more distinct than the

internal.

The posterior surface of the upper part of

this portion is flat and very smooth. As the

bone descends it expands considerably late-

rally, so as to present in front a broad surface

slightly convex from side to side, bounded on
either side by prominent edges, continued from
the edges of the inclined planes above de-

scribed. Each edge terminates in a pro-

minence, the inner one being the largest ; the

inner edge itself being thicker, more pro-

minent, and describing a slight curve as it

descends. The posterior surface is limited

below by a deep depression, to be further de-
scribed hereafter. Thus, by its gradual expan-
sion laterally, the inferior portion of the hu-
merus, being about one fifth of the entire

length of the bone, has a triangular figure, the

base being formed by the inferior articular ex-
tremity of the bone.

The whole shaft of the humerus is com-
pletely clothed with muscle. We have already

indicated the place of insertion of the deltoid

muscle on the outer surface of the bone; all

that portion of the outer and anterior surface
below the deltoid ridge, and for a little way
on each side of its inferior extremity, is co-
vered by the brachiaeus amicus muscle. In-
ternal to the bicipital groove, on (he inner
surface of the humerus, about its middle, the
coraco-brachialis muscle is inserted. The ex-
ternal edge below the spiral groove affords

attachment to the brachiaeus anticus, supinator
longus, extensor carpi radialis longior, and the
triceps muscles.

The internal edge below the insertion of
the coraco-brachialis has the brachiaeus anticus

and triceps muscles inserted into it, and both
edges afford insertion to intermuscular apo-
neuroses, which separate the muscles con-
nected with the anterior from those on the

posterior part of the bone. The posterior sur-

face is completely covered by the triceps mus-
cle, excepting in the line which corresponds
to the groove already referred to, in which the

radial nerve and musculo-spiral artery pass.

The foramen for the nutritious artery is found
upon the internal surface at the inferior ex-

tremity of its middle third ; the direction of

the canal is downwards ; sometimes this fora-

men exists upon the external, or upon the in-

ternal surface.

The inferior extremity of the humerus is

terminated by an articular cylinder, which pro-

jects into a plane anterior to that of the shaft

of the bone, (processus cubitalis). This cy-

linder is placed transversely, but in transverse

extent it falls short of the widest part of the

inferior third of the ^lumerus. Various de-

pressions and elevations are marked upon the

surface of this cylinder. Proceeding from

without inwards, we notice a convexity or

rounded head, limited externally by the mar-
gin of the cylinder and internally by a groove,

which passes in a curved direction from before

backwards, the concavity of the curve corres-

ponding to the rounded head. This head is

properly denominated the external condyle of
the humerus; it articulates with a cavity on
the head of the radius ; the anatomist should

notice that the axis of this head passes in a
direction downwards and forwards. On the

anterior surface of the humerus immediately

above this head, we observe a slight and very

superficial depression which receives the edge
or lip of the cavity of the radius, when the

forearm is in a state of complete flexion.

Internal to the groove which bounds the con-

dyle on the inner side, we have a pulley-like •

surface, which is destined for articulation with

the ulna. The concavity which forms the cen-

tral part of this pulley is deep, but deeper and
wider behind than before; its anterior ex-

tremity terminates in communicating with an
oval depression on the anterior surface of the

bone (fovea anterior minor), which in flexion

of the forearm receives the anterior projecting

angle of the coronoid process of the ulna

;

the posterior extremity terminates in a similar

depression, (fovea posterior v. sinus maximus,)

but a much deeper one, and of greater dimen-
sions generally, occupying, in short, nearly the

whole posterior surface of the bone; this de-

pression receives the olecranon process of the

ulna, when the elbow-joint is in extension.

The trochlear concavity, m passing fi-om before

backwards, takes a curved direction, so that its

posterior extremity is much nearer the external

part of the articular cylinder than the anterior.

This has an important influence on the direc-

tion of the motions of the forearm. These
two depressions are separated from each other

by a thin osseous larama, almost transparent.

We sometimes meet with instances in which
this lamina is perforated in consequence of a

defect of ossification ; and Meckel slates that

he has found this perforation more frequently

in the bones of Negroes and Papuas than in

those of the superior races of mankind. It is

the permanent condition of many pachydermata,
rodentia, carnivora, and quadrumana. On the

inside the trochlear concavity is bounded
by a thick and projecting lip, which, when the

bone is placed at right angles with a horizontal

plane surface, descends lower down than any
other part, so that this part comes in contact

with the plane surface, while the remaining
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portion of tlie articular cylinder is raised con-

siderably above it. Tbis arrangement accounts

for the bollowaujjle manifest on the outer side of

the elbow-joint when the forearm is extended.

VVe have yet to describe two processes

which are connected in great measure with the

outer and inner extremities of the articular cy-

linder, and to which we have already referred,

as lx?ing the points in which the margins of
the bone terminate. The external one is trian-

gidar and thick, rough upon its surface, and
|)rojecLs slightly. It is improperly called the

external condyle—more correctly it should be
designated epicomh/lt, being applied to the

outer surface of what is properly the external

condyle. Tliis process affonls attachment to

the external lateral ligament of the elbow-
joint and to the principal supinator and ex-

tensor muscles on the forearm, whence it has
been called condylus cxtensorius. The inter-

nal process is very prominent, distinctly trian-

gular, terminating the inner edge of the hu-
merus and coimectcd with the trochlea; it is

more correctly denominated epitrochlea. It

aflbrds insertion to the internal lateral ligament,

and to the pronator and flexor muscles of the

forearm. Its posterior surface is slightly hol-

lowed at the line of its junction with the rest

of the bone ; the ulnar nerve passes behind it.

The humerus is the principal lever of the

pectoral extremity ; hence in all animals its

strength is proportionate to the force and power
which is required in the limb. In the ele-

phant it is a massive pillar of support; and
here we may notice a variety following the

same law which influences the difference in

the asj>ect of the glenoid cavity of the scapula,

already noticed ; namely, that the angle be-
tween the axes of the head and shaft of the

humerus, is at its maximum when the arm-
bone is mainly an instrument of support, .ind

diminishes as that bone is more used for pre-

hension and other purposes ; and as this use is

found for this bone chiefly in the human sub-
ject, we may presume that in man the angle
in question is the least removed from a right

angle. When this limb is used mainly for

support and progression, a considerable range
of motion in the shoulder-joint is not required,
the tuberosities at the upper extremity of the
bone project and limit the motions of the joint.

When, however, a considerable motion is ne-

cessary,these tubercles are depressed as in man,
so as not to interfere with these motions. The
lower extremity of the humerus likewise affords

marks indicative of the mobility of the fore-

arm and hand ; thus, in the one case one or
both of the edges of the bone which terminate
in the epitrochlea and epicondyle are promi-
nent and strong in proportion as the muscles
which arise from it are frequently called into

play, as when the pronating and supinating
motions of the forearm are extensive : in the
other case this ridge is imperfectly developed,
and the principal modification of the lower end
of the bone is to be seen in the articular cy-
linder, where greater depth is given to the
trochleji, in order to afford increased strength
and security to the elbow-joint.

vol.. 11.

One of the most lingular instances of the
developement of bony processes in accordance
with muscular jxiwer is in the case of the mole.
In this little animal the whole anterior ex-
tremity is constructed entirely with reference

to its burrowing habits; its short, thick, and
almost square clavicle and its elongated lever-

like scapula tend to the same end, as its amaz-
ingly strong humerus. The upper extremity

of this latter bone is extremely broad ; it pre-

sents two articular surfaces, being articulated

with the clavicle as well as with the scapula,

and the tuberosities which give insertion to

the muscles of rotation are enormously <le-

veloped. The body of the bone is short, thick,

and strong ; the inferior extremity is nearly as

large as tlie superior ; Ixrth the epicondyle and
epitrochlea are very highly developed, especially

the latter, which is accounted for by the tact that

the muscles of pronation are tliose most called

into action, in order to enable the animal to

employ the accessory bone on tlie radial side of
the hand, in scraping up the earth. This
large size of the humerus, and great develope-

ment of its muscular eminences, is found in all

fossorial animals, as the megatlierium, the pan-
golins, beavers, ant-eaters, moles, and mono-
tremata. In the two last the developement is

the most remarkable.

In the class of Birds, the humerus is ds-
velo|)ed as regards the prominence of its mus-
cular protuberances, m proportion to the

powers of flight. In birds which fly, those

eminences are strong and prominent, and the

bone itself is proportionally strong; but in those

which do not fly, the bone is weak and gene-
rally short. In the common pigeon, for ex-

ample, the enlargement of the scapular ex-
tremity of the humerus, and the developement
of the tubercles is very manifest, as well as

the strengtli and thickness of tlie shaft of the
bone.

Structure.—The structure of the humerus is

characteristic of tliat of long bones in general.

In a vertical section we observe that the re-

ticular texture is chiefly accumulated towards
the extremities ; the shaft being mainly formed
of compact tissue. At the upper extremity we
notice the mark of union of the epiphysis of
the head, which corresponds to the line of the

anatomical neck of the bone. The canal, when
a transverse section of it is viewed, appears

somewhat quadrilateral in form. Its walls are

formed of very dense compact tissue.

Developement.—The ossification of the hu-

merus begins in its shaft, and that very early,

according to Meckel about the second montli

;

the shaft goes on enlarging, but the extremities

are still cartilaginous during the whole of in-

tra-uterine life, and for the first year after birth.

The superior extremity is developed by two

points of ossification, one for the head, the

other for the great tuberosity ; about the be-

ginning of the second year the ossification of

the head of the l)one commences, and firom

the four-aiid-twcntieth to the thirtieth month
the ossification of the great tuberosity begins.

According to Beclard, a small ossific point for

the lesser tulxrosity is visible in the fifth or

M
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sixth year ; from the ciyhlh to ihu ninth year

the ossihc elenifiils of tlie head of tlio hume-
rus become united and llie head is com-
pleted.

The inferior extremity of the humerus, accord-

ing to Cruveilhier, begins to ossify later than the

superior. The first point of ossitication noticed

in it IS for tlie external condyle : this appears at

the age of two years and a half; at seven years

a second point of ossification commences for the

epitrochlea; at twelve a third point appears for

the internal edge of the troclilea; and at sixteen

years a fourth point for the epicondyle. These
four points ofossification, Cruveilhier states, are

united in the following order: first, in the

second year, the two points of the trochlea are

united ; and, secondly, at sixteen years the

trochlea, epicondyle, and the condyle form a

a single piece.* The union of the extremities

with the shaft of the bone takes place from the

eighteenth to the twentieth year; and all ob-

servers agree in staling that the union of the

inferior extremity with the shaft always pre-

cedes that of the superior extremity, although

the ossification of the latter is prior.

Furcurm.-— The bones of the forearm are

the ulna and radius, of which the former con-
stitutes the second essential element in the

elbow-joint, the radius being chiefly an acces-

sory bone to provide for the wider range of
motion of tlie hand. The ulna therefore is the

principal lever of the forearm, and the motions
of flexion and extension of that segment of
the limb upon the arm depend upon it ; at its

superior extremity it forms a very firm hinge-
joint with the trochlea of the humerus, but in-

feriorly its connexion with the carpus at the
wrist-joint is very slight, and it forms by no
means an essential element of that joint On
the other hand, the radius at its inferior ex-
tremity forms a very important part of the
wrist-joint, but at its superior its connection
with the elbow-joint is due to its necessary
articulation with the outer side of the ulna.

Ulna (xt/^iTo>, cubilus; Fr. os du coude

;

Germ, dus EUenbugciibcin.f) This bone is

situated on the inner side of the forearm. It is

the longest and tlie largest bone of that region,
and in the vertical position of the limb it is

directed downwards and a little outwards, the
obliquity being occasioned by the greater pro-
jection downwards of the inner "lip of the
trochlea of the humerus, as already alluded to
in describing that bone.

T/ic upper or humeral extrcmilj/ of the ulna
is at once distinguished by its great size from
the inferior extremity. It consists of two pro-
cesses joined to each other at a right angle, and
so that that angle opens forwards. One of
these processes is vertical, and is continued in

* Truveilhier, Anat. Descr. torn. i. p. 231.

t The term foeite was a| plied to this bone as well
as 10 tlie radius by some of the ancient anatomists,
in iinilation nf the Arabians, who used the word
zemi, sc. an instrument analo^^ous to our tinder-box,
which c<iiisislcd of two sticks, similar in appear-
ance and proportions to the bones of tlie forearm.
J^(tcile majux was the ulna, focile miniis the radius,

liluDicnbacb, Beschreibung der Koochen, p, 395.

the direction of the long axis of the bono, and
IS little else than a conliniiatioii of the shaft;

this is tlie olccruuou : the other is horizontal,

anterior to the olecranon, as it were placed

upon the superior extremity of the bone, so

as to project considerably beyond the jilane

of its anterior surface : this is the coronoid

process.

The olecranon, {aXim, cubitus, x^anot, caput,)

also called processus ancouaux, may be s:iid to

begin from the angle of junction of the coro-

noid process with it ; there the bone appears
slightly constricted, for above that point it ex-

pands. We notice five surfaces upon it. I'he

superior surface is horizontal ; it presents pos-
teriorly a muscular impression affording inser-

tion to the triceps extensor, and anteriorly it

ends in a remarkable beak, which, in the state

of complete extension, is received into the ole-

cranon cavity of the humerus. The posterior

surface is rough with a very obviously trian-

gular outline; this surface gives insertion

to the triceps muscle. The internal surface

is also rough, and covered by the fibrous ex-

pansion from the tendon of the triceps, and
at its anterior margin affords insertion to the

superior fibres of the internal lateral lig-ament.

Tlie external surface is smooth, and also is

covered by the fibrous expansion from the ten-

don of the triceps. The anterior surface is

articular ; it presents the appearance of having
been covered by articular cartilage ; it is divided

by a rounded vertical ridge into two unequal
portions, of which the internal is larger than

the external. This surface is limited below by
a transverse depression, non-articular, in which
some fatty matter is deposited in the recent

state. The surface is convex from side to side

in the centre, and each of its lateral portions is

concave; the whole surface is concave from
above downwards. In the extended state of
the forearm this articular surface of the olecra-

non is applied to the posterior part of the

trochlea of the humerus ; it forms the posterior

part of the great sigmoid cavity of the ulna.

The coronoid process is wedge-shaped, at-

tached by its base to tlie anterior surface of the

ulna, the sharper edge projecting forwards and
free. This edge is convex, and sometimes
forms a point ; it is received into the coronoid

cavity of the humerus. On the external sur-

J'ucc of the coronoid process is an oval articular

facet, concave from behind forwards, whose
long axis is horizontal ; this is the lesser sigmoid

cavitt/, and is articulated with the inner side of
the head of the radius ; the internal surface is

rough, and has a projecting lip, which aflfords

attacliment to the anterior fibres of the internal

lateral ligament. The anterior surface is in-

clined from above downwards and from before

backwards, so that its aspect is downwards and
forwards ; it is slightly hollowed transversely,

and is rough, the rougliness being continued

down for a little way in front of the bone, thus

forming a rough surface triangular in form, the

base corresponding to the anterior edge of the

coronoid process ; this surface affords insertion

to the brachia;us anticus muscle. The superior

surface forms the anterior portion of the great
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sigmoid cavity; like tlie similar surface on the

olecmiioii, it is divided by an olitusc ridge

directed from before bacliwards, into two une-
qual portions ; these portions corrcs|)ond in

shape and size with those already noticed on
tlie olecranon.

Tlie shaft of the ulna gradually tapers from
above downwards ; it is triangular in its entire

extent, excepting for about an inch above the

inferior extremity, where the bone is distinctly

cylindrical. On the shaft anatomists commonly
describe three surfaces. The anterior surface

is broader in the middle than at its extremities;

it is slightly concave in the transverse direction

in its middle third ; on this surface, at its upper
|)art, we notice the orifice of the nutritious canal,

which is directed upwards towards the coro-

noid and olecranon. By its three superior

fourths this surface affords attachments to the

flexor digitorum profundus, and by its inferior

fourth to the pronator quadratus ; the place of

attachment of this latter muscle is limited above
by an oblique line which passes from without

inwards and from above downwards. The in-

lemul surface is smooth, and convex in its en-
tire extent; widest above, it gradually tapers to

the inferior extremity. In its inferior fourth it

is subcutaneous, and to its three superior

fourths is attached the deep flexor muscle of
the fingers ; the aspect of this surface is back-
wards as well as inwards.

Tlie third surface is posterior. The two in-

ferior thirds of this surfece are smooth, the mid-
dle l)eing flat and the lowest rounded ; here

are attached the extensor muscles of the thumb
and that of the index finger. In the superior

third we distinctly notice two surfaces, easily

distinguishable by the difference of aspect; the

internal one, which is continued up on the

olecranon process, looks backwards and slightly

outwards; to it the ancona^us muscle is attached

sui)eriorly, and inferiorly tlie extensor carpi

uhiaris. The external of these two surfaces

looks directly outwards, and is separated from
that last described by a line whicli passes ob-
liquely downwards and inwards ; to this sur-

face, which commences just below tlie lesser

sigmoid cavity, the supinator brevis is attached,

and below it, commences the line of attachment

of the extensor muscles already alluded to.

Three edges sejiarate the surfaces above de-

scribed ; of these the external is at once distin-

guished by its grciUer prominence ; it is sharp

in nearly its two inferior thirds, and superiorly

is lost on the surface to which the supinator

brevis is attached ; all that part of this edge
which is prominent and sharp gives insertion

to the interosseous lig-ament. The anterior

edge commences just below the coronoid pro-

cess, and terminates, inclining a little back-
wards, in front of the styloid process of the

ulna : it is rounded and smooUi in its entire

extent, and has the deep flexor of the fingers

and the jironator quadratus inserted into it.

The posterior edge commences at the a\>ex of
the [losterior surface of the olecranon, and ter-

minates insensibly towards the inferior fourth

of the bone.

The inferior or carpal extremity of the ulna

is very small; it forms a slightly rounded
head ; on its posterior and internal \ai\. is a
small process, projecting vertically downwards
and ending in a iwiiit, to which the internal

lateral ligament of the wrist-joint is attached :

this process is the styloid process ; external to this

is a depression or pit, into which is inserted

the triangular cartilage of the wrist-joint, and
external to this depression is the rounded head,
which is smooth ou its inferior surface, covere<l

with cartilage in the recent state ; tlie triangular

cartilage glides upon this surface. On the

outer side of the head is an articular convexity

which articulates with a concave surface on the

inner side of the carpal extremity of the radius.

On the posterior surface of llie head, imme-
diately external lo the styloid process, there is

a slight channel, in which is lodged the tendon
of the extensor carpi ulnaris.

Structure. — The olecranon and coronoid

processes are completely cellular in structure,

excepting the external cortex of compact tissue.

The inferior extremity of the ulna is likewise

cellular, but the shafl is mainly composed of
compact tissue, hollowed by a medullary canal,

which commences a little below the coronoid
process, and terminates just above the inferior

extremity.

Radius, (Germ, die Speiche,) so called fitim

its being compared to the spoke of a wheel ; it

is the shorter of the two bones of the forearm

;

its proportion to the ulna being as 11 to 12.

The .superior extremity or head of the radius

is a cylindrical head excavated on its superior

surface so as to form a superficial cavity, cavitat

glenoidca, which is articulated with the external

condyle of the humerus. The circumference of
this head consists of a deep lip of bone present-

ing a smooth surface covered by cartilage in the

recent state, the depth of which, measured verti-

cally, is greatest on the inner side, so as there to

form an oval convex articular facet which is

adapted to the lesser sigmoid cavity of the ulna

;

the remainder of the circumference is embraced
by the annular ligamentof the radius. The head
of the radius is connected to the shaft by a short

and cylindrical neck, which passes obliquely

downwards and inwards; the neck of the radius

is limited inferiorly and on the ulnar side by a
rounded tubercular process, into the interna!

posterior and rough partofwhich the biceps mus-
cle is inserted, the bicipital tuberosity or tubercle

of the radius; the anterior part of this tubercle,

over which the tendon of the biceps glides, is

smooth. For about an inch below this process

the bone retains tlie cylindrical form, being

here embraced by the inferior fibres of the su-

pinator brevis muscle; but below this the bone

becomes distinctly prismatic in its form, and

begins to expand to its inferior or carpal extre-

mity. We nere describe tliree surfaces as in

the ulna : the anterior is inclined inwards, its

aspect is forwards and inwards ; about its

middle this surface is slightly hollowed from

above downwards; at the junction of its middle

and inferior thiixJ it is convex, and in its inferior

third, where it attains its greatest lateral exjian-

sion, it is concave again. At tlie superior third

of the bone we notice on this surface the nutri-

m2
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tious foramen, the cunal following tlie same
direction as that of the uhia, namely upwards.

The muscles attached to the anterior surface of

the radius are the flexor poUicis proprius, con-

nected witli the two superior thirds of the bone,

and the pronator quadratus occupying the in-

ferior third. The posterior surface of the radius

is likewise inclined, and looks backwards and

inwards, very narrow in its whole extent, but

broadest at its inferior extremity, convex in its

superior and inferior thirds, an<l shghtly con-

cave from above downwards in its middle third.

This last portion of tlie bone affords attacliment

to the two inferior extensor muscles of the

thumb ; the superior third is embraced by the

supinator brevis, and the inferior third has

applied to it the tendon of the common extensor

of the fingers, the indicator, and the extensor

tertii inteniodii poUicis. The external surface

is convex in its whole extent, and like the

others expands inferiorly; about its middle we
observe a rough surface, which gives insertion

to the pronator quadratus ; in its upper portion

the surface is embraced by the supinator brevis,

and inferiorly the radial extensors of the wrist

are applied to it.

Of the tliree edges which separate these sur-

faces, the internal is sharp, and extends from

about an inch below the bicipital tuberosity to

about the same distance above the carpal extre-

mity of the radius; at this latter point the edge

seems to bifurcate and form a plane triangular

surface above the inferior extremity of the ra-

dius. This edge gives attachment in its entire

extent to the interosseous ligament. The an-

terior edge is rounded ; it distinctly originates

from the bicipital tuberosity, and terminates at

the outer side of the carpal extremity of the

radius in front of the styloid process. The su-

pinator brevis, the proper flexor of the thumb,
and the flexor sublimis of the fingers, have
attachments to this edge above, and below
the pronator quadratus and supinator longus

are inserted into it. The posterior edge is very
imperfectly defined, being distinct only in its

middle.

The inferior or carpal extremity of the radius

is the largest part of the bone ; it is irregularly

quadrilateral in form. Its inferior surface

forms an articular excavation, the outline of
which is triangular, the apex being external

and the base internal ; this surface is divided

into two by a slightly prominent line which
passes from before backwards ; the outer of

these two portions retains the triangular form,

and is articulated with the scaphoid bone of

the carpus; the internal is quadrilateral, and
articulated with the lunar bone. At its inner

margin, this surface is continuous with a slightly

excavated articular facet on the ulnar side of

the inferior extremity of the bone, which is

articulated with the convex surface on the cor-

responding part of the ulna. The inferior ex-

tremity of the radius presents, at its outer part,

a pyramidal process projecting downwards and
slightly outwards ; this is the sti/loid process,

which by its apex gives attachment to the ex-

ternal lateral ligament of the wrist-joint. The
anterior margin of the inferior extremity is

slightly coDcaTe from side to side; it gives at-

tachment to the anterior ligament of the wrist-

joint, and the tendons of the flexor muscles of

the fingers pass over it into the palm of the hand.

On the posterior margin of this extremity we
observe two grooves: the internal one, wide and

very superficial, lodges the tendons of the com-
mon extensor of the fingers and the indicator ;

the external, deeper and oblique, lodges the

extensor tertii inteniodii poUicis. Externally

we notice likewise two superficial grooves, of

which the posterior lodges the radial extensors

of the wrist, and the anterior is traversed by the

extensores primi et secundi internodii pollicis.

Structure.—The central canal extends up-
wards into the neck of the bone ; it is cylin-

drical at the extremities, and prismatic in the

centre. Both extremities are composed of can-

cellated structure.

Developement of the bones of thefore-arm.—
Both bones appear about the same time, and if

not synchronously with the humerus, at least a

very little later. Witli both bones the ossifi-

cation begins on the shafts, which are very

early completed ; the ossific point of the shaft

of the radius is said, by Beclard and Cruveil-

hier, to begin some days before that of the

idna. In the radius the inferior extremity

begins to ossify before the superior, about the

end of the second year. The ossification of

the superior extremity begins between the

seventh and ninth year; it is united to the

shaft about the twelflh year, whilst the inferior

extremity, whose ossification begins earlier, is

not united till the eighteentli or twentieth year.

The progress of the ossification of the ulna is

very similar. The inferior extremity developed

by a single point of ossification begins first

about the sixth year. A little later the olecra-

non begins to ossify; the coronoid is formed

by an extension of ossification from the

shaft. The union of the superior extremity of

the ulna with the shaft takes place about the

fifteenth or sixteenth year ; that of the inferior

about the eighteenth or twentieth.

It is important to observe that the articula-

tion of the radius with the ulna, in the manner
in which it is eflfected in man, has reference to

the motions of the hand. Pronation and supi-

nation of the hand are effected by the rotation

of the head of the radius within the coronary

ligament and on the lesser sigmoid cavity of

the ulna. The hand is so connected with the

radius that it follows the motions of that bone;

when, therefore, the radius rotates in such a

direction that its inferior part crosses the ulna,

the posterior edge is directed outwards, and its

anterior surface inwards and backwards ; the

palm of the hand is turned backwards and the

dorsum forwards; the forearm and hand are

then said to be in pronation. On the contrary,

when the rotation is such that the ulna and ra-

dius are placed on the same plane, the dorsum
of the hand is directed backwards and the palm
forwards; this is supination.

In the lower animals we never find this mode
of articulation of the radius with the ulna,

unless there be also present the motions of su-

pination and pronation of the hand. In such
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animals, evideoce of the existence of these

motions is aft'orded by ccrtiiin points in the

conformation of the radius and ulna them-
selves, such as the peculiar form of the head
of the radius, and the concave articular sur-

face on the ulnar side of its lower extremity,

as well as the lesser sigmoid cavity of the

ulna, and tlie convexity on the radi.d side of tlie

head of the same bone. This is found in many
of the CaiTiivora, but chiefly in the Quadru-
mana.

In the Ruminants and Solipeds the radius

and ulna are consolidated together so as to

form one bone; they can, however, be distin-

guished at the humeral end, where the latter

bone is conspicuous by its elongated olecranon,

which not only aflbrds insertion to tlie extensor

muscles of the arm, but also increases the secu-

rity of the elbow-joint. The radius, which is

the principal bone of llie fore-arm, is so arti-

culated with the humerus as to admit of free

flexion and extension, but it is fixed in the

state of pronation. In many of the other Mam-
malia the radius and ulna are distinct through-

out, but do not admit of the rotation of the

one on the other; this is the case in Rodentia,

many Camivora, Pachydermata, Edentata, In-

sectivora, and Cetacea. In the Sloth, how-
ever, among the Edentata, the motions of pro-

nation and supination are conspicuous, and the

olecranon is imperfectly developed ; on the

contrary, in the Edentata proper, as the Arma-
dillo, Megatherium, &c. these motions do not

exist, and tlie olecranon is very much deve-

lo[)ed. In the Cheiroptera the radius is the

principal bone of the fore-arm, the ulna being

developed only as to its humeral extremity

consisting sometimes of little more than its

olecranon ; and in some, as the VespertiUo vam-
pyrus, the olecranon exists in the form of a pa-

tella, connected with tlie upper extremity of
the ulna.

In Birds the radius and ulna are distinct

throughout, but do not admit of motion lietween

them ; they are fixed in a state intermediate be-

tween pronation and supination.

Tlie Hand.—Tlie third division of the upper
extremity is the hand : for the description of
the bones which compose it, we refer to the

article Hand.
Inferior extremiii/.—The bones which form

the skeleton of the inferior or pelvic extremity

are the femur, tibia, fibula, and the bones of

the foot, occupying subdivisions of this mem-
ber, which correspond to the luin, forearm, and
hand in the pectoral extremity.

Femur (thigh-bone, os femoris v. ertiris, os

eoxtc. i'r. OS tie lit cuisse, lej'emur. Germ, t/o*

Sclicnkelbein.) This is the largest and longest

bone of the skeleton ; it constitutes the up|)er part

of the inferior extremity, and is articulated with
the pelvis above and the tibia inferiorly. The
femur exhibits very obviously the characteristic

marks of tlie class of long bones in its elonga-
ted and cyUndrical shaft, and its swollen extre-

mities.

Tlie superior extremity of the femur consists

of a spherical head, connected to the shaft of
the bone by a neck. The head is very regu-

larly spheroidal, being nearly two-t)iirds of a

sphere ; it is limited towards the neck by a
waving line which passes all round, and corre-

sponds to the inar,jin of the acet^diulum. The
whole head of the femur is incrusled in the

recent state with articular cartilage, excepting
at one point, where there is a depression or pit,

varying in depth in different subjects. The
precise situation of this depression is just infe-

rior and posterior to the point at which the axis

of the head of the femur would pass out : into

this depression the ligamentum teres is in-

serted.

From the head of the femur is prolonged
outwards and downwards to the upper end of
the shaft the neck (cervir v. colturn femoris).

Tliis portion of bone, cylindrical where it is

connected to the head, gradually expands as it

proceeds outwards, and is flattened in front

and behind. That portion of the neck of
the femur which is connected with the shaft

may be called its base; here we observe two
lines, by which the demarcation between the

neck and shaft is indicated ; one of these lines

is anterior, being simply a rough line extending
from the great trochanter obliquely downwards,
inwards, and slightly backwards to the lesser

trochanter, and thence called the anterior inter-

trochanteric line, into which the capsular liga-

ment of the hip-joint is inserted; the otlier line

may be more correctly designated a prominent
ridge ; it is situated at the posterior part of the

base of the neck, and extended also between the

trochanters, the posterior inter-trochantcric line.

The anterior surface of the neck of the femur is

for the most part plane, but slightly concave
just external to the line ofjunction of the head.
The superior surface of the neck is concave,
being limited on the outside by the great tro-

chanter; the posterior surface is likewise con-
cave, being, as it were, hollowed from within

outwards. The inferior surface is slightly con-
cave from above downwards, but rounded from
before backwards : this surface inclines down-
wards and outwards, and at its termination is

connected with the trochanter minor behind,
and the inner side of the shaft of tlie bone in

front ; in length it exceeds all the rest ; the su-
perior surface is the shortest, and the posterior

is longer than the anterior. On all the surfaces

of the neck we observe numerous foramina for

the transmission of vessels into the substance
of the bone ; these foramina are largest and
most numerous on the superior surface.

At the superior angle of the base of the neck
of the femur, and at the upper and outer part

of the shaft of the bone, we observe a large and
thick process, the trochanter major, (from

T^o^au, roto,) processus exterior femoris ; it is

a prolongation upwards of the shaft of tlie

bone, but its most elevated point is below the

level of tlie head of the bone, corresponding to

the upper part of the line of junction of the

head witli the neck. " This eminence," says

Cruveilhier, " whose size is considerable, and
which makes a very manifest prominence under
the skin, ought to be studied witli care in in

relations as to its relative jxisition ; first, with

the crista ilii, beyond which it projects exter-
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Daily ; secondly, with the external condyle of

the femur; thirdly, with the malleolus exter-

nus, becjuise these relations are constantly va-

luable guides, as well in the diagnosis as in

the reduction, of the luxations of the femur and
of the fractures of the neck or shaft of tlie

bone."

Tlie external surface of the great trochanter

is convex and rough, and the tendon of the

glutoeus maximus muscle covers it in tlie recent

condition ; this surface is terminated below by
a projecting line, into which is inserted the

upper extremity of the vastus externus muscle.

The internal surface is of much less extent : it

is placed at right angles with the superior sur-

face of the neck of the bone, and at its posterior

part it is excavated so as to form a deep pit or

depression, the digitut emit)/ orjossa trochante-

rica, into which are inserted the tendon of the

pyriformis, the gemelli, and the obturatores

internus and externus. The anterior edge is

thick and irregular; the glutcei medius and
minimus are inserted into it, the former into

its inferior, the latter into its superior part.

Superiorly the trochanter forms a thin edge,

more or less pointed, into the interior half of

which the glutceus minimus is inserted, and
into its posterior or pointed portion the glutceus

medius; it may in general be observed, tliat

the size of this pointed part of the superior

edge of the great trochanter is proportionate to

the developement of the glutceus medius mus-
cle. The posterior edge is convex and thick,

and gives attachment to the quadratus femoris

muscle.

At the inferior angle of the base of the cervix

femoris, and on the internal and posterior part,

we notice a short conical process, trnchuntcr

minor, (processus interior J'einoris,) attached

to the bone by its base, its apex directed

downwards, inwards, and backwards, smooth
on its whole surface. This process affords

insertion to the tendon of the psoas and iliacus

muscles.

In the maleadult, the axis ofthe head and neck
of the femur passes downwards, outwards, and
slightly backwards, and forms an obtuse angle
with the shaft, an angle of about 135 degrees.

In the female this angle is somewhat smaller, and
approaches more nearly to a right angle, which
contributes with the greater lateral dimensions
of the pelvis, to increase the distance of the

trochanters of opposite sides from each other,

and to cause that projection of these processes

which forms a peculiarity of the female form.

In early age, when the neck of the femur is

imperfectly developed, the angle between the

neck and shaft is not defined ; in the earliest

condition the connexion of the head and shaft

very much resembles the permanent condition

of the corresponding parts in the humerus ; as

the neck becomes developed, the angle is ren-

dered apparent, at first, however, little removed
from a right angle, but subsequently it in-

creases up to the adult period ; after that time

we often find that the neck of the bone dimi-

nishes in its dimensions, and the angle is oon-
seqnenlly altered, so as to approximate to a

right angle.

The following may be given as the mean
measurements of the different parts of the neck
of the femur. In the centre it measures about
one incli, its posterior surface about fifteen

lines, its inferior edge about twenty lines, and
its superior about eleven lines ; its vertical

diameter, in its most contracted part, is about
sei'enteen lines, and its antero-posterior about
ten.

The shaft of the femur forms a slight curve

from above downwards, convex anteriorly and
concave posteriorly, the excavation thus formed
behind being filled up by the powerful muscles
on the back of the thigh. It likewise presents

the appearance as if it had been twisted, like

that which we have noticed in the humerus,
the inferior extremity being twisted inwards,

the superior in the contrary direction. Cru-
veilhier remarks, that this curvature of torsion

is in relation with the disposition of the femora!

artery, which in its spiral course passes from
the anterior to the posterior surface of the bone.

In the greater part of its extent the shaft of

the femur is prismatic ; at the superior extre-

mity it is expanded laterally and flattened ; at

the inferior it is likewise very considerably ex-

panded.

The anterior surface of the shaft is smooth
and rounded ; at the upper part it is a little

rough : this surface is covered completely by
the triceps extensor muscle. The posterior

surface is divided along the middle into two,
which are inclined, the one forwards and in-

wards, the other forwards and outwards ; the

external surface is covered by the vastus exter-

nus, the internal by the vastus internus. In
the middle, separating these two surfaces, is a
rough ridge, liyiea usperu, which occupies two-
fifths of the shaft of the bone about its middle,

but is bifurcated above and below. Superiorly

the bifurcation takes place about the termina-

tion of the superior fifth ; two lines proceed,

the external, rough and prominent, to the great

trochanter; the internal, rather indistinct, to the

lesser trochanter. The external line gives in-

sertion to the vastus externus, the adductor
raagnus, and the glutcEus maximus ; the pecti-

naeus and the vastus internus are inserted into

the internal line. Inferiorly, the bifurcation

takes place at a point corresponding to the

commencement of the two inferior fifths ; each

line proceeds down to the corresponding con-

dyle, and a triangular space is thus enclosed,

the base of whicli is formed by the posterior

extremities of the condyles, and the apex is at

the point of bifurcation of the linea aspera.

This space, which ])resents a smooth surface,

slightly concave in both the vertical and trans-

verse directions, forms the floor of the popliteal

region. The external line, from the inferior

bifurcation, is more prominent than the inter-

nal, and gives insertion to the vastus externus

and to the short head of the biceps. Tlie in-

ternal is very faint superiorly where the femoral

artery passes over it, and inferiorly the vastus

internus and the adductor magnus are inserted

into it.

The nutritious foramen of the femur is found
either upon, or on one side of, the linea aspera.



EXTREMITY. 1«)7

The direction of the canal is upwards towards

the head of the femur.

The ivj'erwr cxtraniti/ of the femur is much
more considerable than ihe sujierior. We no-

tice upon it two articular processes of large

size, united in front, but separated by a deep
depression posteriorly. These processes are the

exttmul and internal condyles ; at tlie point of
union of these two condyles in front, we ob-

serve a transversely concave surface, which ex-

tends for a little distance upwards upon the

anterior surface of the bone ; this is the trochlea

of the fcmnr, on which the patella moves. The
dee|) notch which separates the condyles poste-

riorly is denominated the intercondyloid notch.

Each condyle is ovoidal in its outline and
convex. l"he external condyle is placed di-

rectly under tlie external part of the femur; it

projects more forwards than the internal con-

dyle ; its antcro-posterior diameter is less than

that of the internal condyle, but its trans-

verse is greater. On the other hand, the in-

ternal condyle projects inwards out of the

plane of the internal surface of the bone;
its posterior extremity extends much further

backwards than that of the external, and if

the bone be placed at right angles with a
plane surface, it will be seen that this condyle
alone touches that surface, a circumstance

which arises from the internal condyle project-

ing downwards more than the external. It is

also worthy of notice, as resulting from this

conformation of the internal condyle, that in

order to bring both condyles in contact with a
plane surface, tlie bone must be made to in-

cline with the inferior extremity inwards. Above
the posterior extremity of each condyle there is

a depression for tlic insertion of the two heads
of the gastrocnemius muscle.

The external surface of the external condyle
is continuous with the outer surface of the

shaft; it is rough and convex, and is called by
some anatomists the external tuberosity. At its

posterior part there is a prominent tubercle to

which the external lateral ligament is attached,

and below and a little posterior to this is a de-

pression into which the tendon of the popliteus

IS inserted. The internal surface of this con-

dyle forms the outer wall of the depression

which separates the condyles behind ; it is

concave, and has the anterior crucial ligament

inserted into it. Tlie inner wall of this notch
is formed by the external surface of the in-

ternal condyle, which is likewise concave, and
into it are implanted the fibres of the pos-

terior crucial ligament. The internal surface

of this condyle, or the internal tuberosity, is

rough, much more convex than the external

tuberosity; the internal lateral ligament and
tendon of the adductor magnus are inserted

into it. Both the tuberosities are perforated

by a number of minute foramina for the trans-

mission of vessels to the cancellated texture.

Structure.—A vertical section of the femur
demon.strates its structure to be the same as

that of all the long bones, composed of can-
cellated texture at the extremities and com-
j>act in the shaft, which is bored by a cylin-

tlrical canal. Posteriorly the compact tissue is

of great density and hardness, especially where
it forms the linea as|x;ra or spine of the bone.
When the section of the femur is made so as

to divide the neck vertically in its long axis

into two equal portions, we observe how ad-
mirably the arrangement of the osseous texture

in this part is adapted to the function which it

has to |)erform. The head is entirely com|K)sed

of reticular texture surrounded by a thin cortex

;

this cortex gradually increases in thickness on
the upper surface of tlie neck till it reaches the

great trochanter. On the inferior surface of the

neck, however, the compact tissue, although

thin near the head, becomes very much in-

creased in thickness as it curves downwards
and outwards to the lesser trochanter. We
observe, moreover, that although tlie principal

portion of the head and neck are composed of

reticular texture, in certain parts this texture is

more loose than in others. I" rom the upjier part

of the head to the thick part of thecompact tissue

on the inferior surface of the neck, a series of

parallel fibres proceed in an oblique course,

and closely applied to one another; these fibres

receive and transmit the weight to the arch of

the neck. Again, the reticular texture is loose

and rare, external to these fibres and in all the

inferior part of the head of the bone where no
stress is laid upon the bone.

Devetopement.— According to Beclard, the

femur begins to ossify before the humerus; its

ossification commences about the thirtieth day
by a point for the shafV. A second point of

ossification is for the inferior extremity, and
this consists in a single osseous nucleus which

is formed within the last month of foetal ex-

istence, and is situated between the two con-

dyles, occupying the centre of the cartilage.

According to Cruveilhier this osseous nucleus

appears during the last fifteen days of intra-

uterine life. " The constant presence," adds

this author, " of this osseous point in the inferior

extremity of the femur is a fact of great im-

portance in legal medicine ; because from the

knowledge of this circumstance alone, namely,

that this nucleus exists in the epiphysis of tlie

inferior extremity of the femur of a foetus, we
can pronounce that foetus to have arrived at its

fullperiod."

The neck of the femur is formed by an ex-

tension from the body. The head has a distinct

point of ossification which begins to form at

the end of the first year. The trochanters have

each a separate point of ossification ; that of

the great trochanter is formed about the third

or fourtli year, that of the lesser from the thir-

teenth to the fourteenth year. These several

osseous points are united to the shaft about the

period of puberty in the following order; first,

the trochanter minor, next the head and trochan-

ter major, and lastly the inferior extremity.

In the skeleton the femur is articulated so

that its inferior extremity approximates the

corresponding part of the bone of tlie op-

posite side, while the superior extremities are

sei>arated from each other to a considerable

extent. One object of this oblique jwsition of

the femora has been already refcrri'd to, namely,

to bring both condyles of each femur in con-
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tact with tlie articular surfaces of the vertical

tibiae. In women, in consequence of the more
horizontal position of the neck of the femur
and the greater width of the pelvis, the ob-

liquity is more manifest, and hence they are

naturally more in-kneed tlian men, as from
the greater projection of the internal condyle

that surface alone would come in contact

with the tibia if the position of the femur
were vertical. The separation above is ef-

fected by the neck of the bone, and the ad-

vantage of this arrangement is to give a more
favourable insertion to the muscles of rotation

;

they thus acquire a lever power proportionate

to tlie length of the neck, a fact which is

abundantly manifest by comparing the relative

powers of rotation in the shoulder and hip

joints ; in the former these motions are more
extensive, because, from the peculiar form of

the joint, the obstacles to extent of motion are

fewer; in the latter they are effected with greater

power at a less expense of muscular force.

In comparing the femur of man with that of

tlie lower mammalia, we notice the imperfect

developement or the non-developement of the

cervix in the latter, the head in some being

placed nearly vertically over the shaft of the bone,
and also the small size of the trochanters, and
the magnitude of the trochanter major in some
classes. The curved form of the shaft of the

femur is much less in the lower mammalia
than in man ; in some the femur is perfectly

straight, and as a consequence the linea aspera

or spine is indistinctly marked. The propor-

tionate length of the femur to the other bones
of the inferior extremity differs also : in man
it exceeds that of the tibia; in the inferior

mammalia, although in most cases the strongest

bone, the femur is shorter than the tibia, and
shorter even than the foot, although longer

than each segment of this portion of the limb.

The trochlea in the inferior extremity is deeper,

and the transverse dimensions of the condyles

are less than in man.
Patella, (rotnla, knee-pan, os sesamoideum

maximum, Bertin ; Fr. la rotule; Germ, die

Kniescheibe). This bone, although belonging
' to the class of sesamoid bones, is yet so fully

developed in the adult human subject, and is

so essential to the integrity of the knee-joint, that

it is usual to examine its anatomical characters

along with those of the other bones of the in-

ferior extremity. Its developement in the tendon

of the rectus femoris leads to its being classed

among the sesamoid bones.

The jiatella is of a triangular form, the apex

being directed downwards and the base up-

wards; the former is connected with the tibia

by the continued tendon of the rectus, under

the name of ligamentum patellie; the tendon

of the rectus and the tendnious expansions of

the triceps extensor are inserted into the base,

which expansions are likewise implanted into

the margins of the bone, so that the whole

circumference and anterior surface of the pa-

tella are invested with tenUimous fibres.

The anterior surface of the patella is very

slightly convex, and exhibits a fibrous ap-

pearance produced by vertical and parallel

fibres, with narrow fissures between, into

which the fibrous expansion which invests this

surface is implanted. The posterior surface

is articular and adapted to the trochlea of

the femur. A vertical ridge, which inclines a
little outwards in its descent, divides this sur-

face into two lateral portions ; each of these por-

tions is a concave articular facet for adaptation

to the anterior part of each condyle of the

femur, and consequently there is between these

surfaces the same inequality which exists be-

tween the condyles. In the recent condition

these surfaces are covered by a soft and very

elastic cartilage.

Structure and developement.— Tlie patella

is entirely composed of cancellated texture,

the anterior surface being covered by a thin

lamella of very fibrous compact tissue already

referred to. This bone is developed by a single

point of ossification, which commences about

the second year.

The patella exists pretty generally among
Mammalia, also among Birds. It is most de-

veloped in the Pachydermata and the Solipeds,

and also in the Monotremata ; and least so in

the Carnivora and Quadrumana. It is absent in

Cheiroptera and Marsupiata.*

Leg.—The bones that form the second

segment of the inferior extremity are the

Tibia and Fibula.

Tibia, (shin-bone; Germ, das Schienbein.)

This bone is situated between the inferior ex-

tremity of the femur and the astragalus. Its

length is to that of the femur as five to six.

It forms the principal support of the leg, on

the inside of which it is placed, and its volume
is five times that of the fibula. After the

femur, it is the longest bone in the body, being

longer than the humerus.

The upper orfemoral extremity of the tibia

is thicker and broader than the remaining parts

of the bone, and is properly the head of the

bone. Its transverse extent is much greater

than its antero-posterior. Its superior surface

presents two bony processes lying on the same

plane, denominated condyles of the tibia.

Each of these has upon its superior surface a

superficial concave articular facet, oval with long

axis from before backwards; to these surfaces

the term condyle has been improperly applied ;

but they are more correctly called the glenoid

cavities of the tibia, (cavitatcs glenoidea, ex-

terna et interna). These cavities correspond

to the condyles of the femur, having the semi-

lunar cartilages interposed ; the outer cavity

approaches more to the circular form than the

internal one; it is likewise much less deep,

and at its posterior part it is even convex.

The internal one, on the other hand, is

uniformly concave, and its antero-posterior

axis greatly exceeds its transverse. These sur-

faces are separated in the centre by a pyra-

midal eminence whose apex appears bifurcated,

the subdivisions of which are separated by a
narrow rough space. This is the spine of the

tibia, (ncclivilas intercondyloidea) ; it corres-

ponds to the intercondyloid fossa of the femur

* Meckel, Anat. Compar.
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wlicre tlic cnicial Moments ;ir« attached.

Anterior and posterior to tliis spine are two
rougli depressions, the [xisterior more hollowed
than the anterior : into the former the posterior

crucial ligament is inserted, and the latter re-

ceives the anterior crucial ligament.

The circumference of the head is rough and
perforated by a vast number of minute vas-

cular foramuia. Each condyle projects late-

rally beyond the plane of the corresponding

surface of the shaft, the internal to a greater

extent than the external. These lateral pro-

jections are distinguished by the name of Tu-
berosities. The internal tuberosity gives in-

sertion at its lower part to the internal lateral

ligament of the knee-joint ; posteriorly this

tuberosity is grooved, and one of the tendons
of tlie semi-membranosus is inserted into the

groove, and separates tlie internal lateral I igament
from the bone in this situation. At the pos-

terior part of the external tuberosity there is a

small articular facet, nearly circular and plane,

with which the tibula is articulated.

In front of the head of the tibia there is a
rough triangular surface, the apex of which
is directed downwards and forms a promi-
nence, which is smooth at its superior part, but
rough inferiorly. The ligamentum patellie is

inserted in the latter situation; the smooth
portion indicates the position of a bursa which
intervenes between the ligament and the bone.
This prominence is called the anterior tube-

rosity, and by some anatomists the spine.

From the inferior rough portion of this tube-

rosity there passes upwards and outwards a
prominent line, most prominent at its ter-

mination, where the tibisilis anticus muscle has

one of its attachments.

The shaft of the tibia has the form of a
triangular prism in almost its whole extent:

at its inferior third this form is less distinct,

in consequence of the angles being rounded off.

Of the three surfaces the anterior is that which
presents the greatest dimensions : it is smooth
and slightly convex in its entire extent, in-

clined backwards and inwards, subcutaneous,

except at its upper part, where an aponeurotic

expansion connected with the tendons of the

semi-tcndinosus, sartorius, and gracilis muscles.

Tlie inferior fourth of this surface is much
more convex than the upper portion, and looks

directly inwards. The external surface is in-

clined backwards and outwards, and is con-

cave in its three superior fifths, convex in the

rest of its extent. The depth of the superior

concave portion is proportionate to tlie de-

velopement of the tibialis anticus muscle, to

which it gives insertion. The inferior con-
vex portion is of less extent than the superior,

and as it descends it experiences a change of

aspect so as to look directly forwards. This
change is in accordance with the altered di-

rection of the tendons of the tibialis anticus

and extensor muscles of the toes, which lie in

contact with the bone in this situation. The
posterior sin-fuce is expanded at its extremities

and contracted in the centime. At its superior

part a triangular surface is marked off from
the rest, towards the upper extremity by an

oblique line, which proceeds from below up-
wards, and from within outwards; into this

line are inserted the poplitacus, soloeus, tibialis

posticus, and the long Hexor muscle of the

toes. The space which intervenes between
this line and the posterior margin of the head
of the bone is covered by the poplitxus muscle
and forms jxirt of the floor of the (wpliteal

space. Immediately below this oblique line,

the orifice of the nutritious canal is situated,

penetrating the bone obliquely downwards

;

this canal is the largest of tlie medullary canals

of tlie long bones ; and Cruveilhier states that

he has traced a nervous filament passing into

it in company with its artery. All that portion

of the posterior surface which is below the

oblique line is smooth and divided by a ver-

tical line, which is variously developed in dif-

ferent subjects; the tibialis posticus muscle
and the long flexor of the toes are attached to

this surface.

Three distinct edges separate these surfaces.

The anterior edge (crista tibia) is very promi-
nent and sharp in its three superior fourths, but
rounded ofl' below : in its upper part it is quite

subcutaneous, and may be felt under the skin.

The external edge forms a very distinct line of
demarcation between the internal and posterior

sur&ces ; it gives attachment to the interosseous

ligament, and at its inferior extremity it bifur-

cates and encloses a concave triangular surface,

in which the fibula rests. The internal edge is

more rounded than either of the others ; mote
distinct inferiorly than superiorly. At its up-
per end it gives insertion to the internal lateral

ligament of the knee-joint and the popliteus
muscle, and lower down to the soloeus and tlie

common flexor of the toes.

The inferior or tarsal extremity/ of the tibia

is of larger dimensions than the shaft, although
much smaller than the superior. On its infe-

rior surface we notice a quadrilateral articular

cavity, of greater dimensions transversely than
from before backwards, concave in this latter

direction, and slightly convex transversely, in

consequence of the existence of a slight ridge in

the centre, which passes from before backwards.
This surface is for articulation with the supe-
rior part of the body of the astragalus to form
the ankle-joint.

The anterior surface of the inferior extremity
of the tibia is convex and rough ; it gives in-

sertion to the anterior ligamentous fibres of the

ankle-joint, and the tendons of the extensor

muscles pass over it. The posterior surface is

very slightly convex ; sometimes a very super-

ficial groove exists upon it for lo<lging the ten-

don of the flexor pollicis longiis ; and internal

to that, and lying behind the internal malleolus,

a more distinct and constant groove, which
passes obliquely downwards and inwards, and
lodges the tendons of the tibialis posticus and
flexor communis.
On the inside of the inferior extremity, we

obseiTC that the bone is prolonged downwards
and slightly inwards, forming a thick and flat-

tened process, quadrilateral in form, called

malleolus intemus. The internal surface of

this process is rough and convex; it is quite
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subcutaneous; its external snrfece is smooth,

and exhibits a triangular articular facet,

which is united at a little more than a riglit

angle with the articular surface on the inferior

extremity of the tibia; by this facet the internal

malleolus moves on the inner surface of the

body of the astragalus. The apex of the mal-

leolus has the internal lateral ligament of the

ankle-joint inserted into it ; the anterior edge

gives msertion to ligamentous fibres, and the

posterior edge, much thicker than the anterior,

is closely connected with the posterior surfiice

of the inferior extremity of tlie tibia, and has

upon it the oblique groove already referred to.

In comparing the position of the malleolus in-

ternus with that of the internal tuberosity of

the tibia, (which may best be done by laying

the bone on its posterior surface on a horizontal

plane,) it will be observed that the malleolus is

considerably anterior to the tuberosity, a feet

which is attributable to the same cause which

occasions the change of aspect in the inferior

part of each of the three surfaces of the shaft,

namely, a torsion of the bone similar to that

already noticed in the other long bones of the

extremities. This torsion is manifest at the

junction of the inferior and middle thirds, the

lower part having the appearance of being

twisted inwards, and the upper piut outwards.

The outer side of the tarsal extremity of the

tibia is excavated so as to form a triangular

surface, rough in its entire extent, to which the

fibula is applied, and into which are implanted
the strong ligamentous fibres by which that

bone is tied to the tibia.

Structure.—-The cancellated texture is accu-

mulated in large quantity at the extremities,

where, especially at the superior, a line is very

frequently apparent on the whole circumference,

indicating the place ofjunction of the epiphysis

and shaft. The medullary canal is large, ap-

proaching the cylindrical form, and surrounded
by a dense compact tissue.

Fibula (Ei.perone; Germ. Wadenbein).—
This bone is situated on the outer and posterior

part of the tibia. It is about the same length

as that bone, but as its upper extremity is ap-
plied to the under surface of the external tube-

rosity, its inferior extremity projects below that

of the tibia. There is a slight obliquity in its

direction, and in consequence, its inferior extre-

mity advances more forwards than its superior.

The fibula is a very slender bone in its

entire extent, however its extremities are a little

enlarged. The superior extremity or head of
the fibula (capitulum) is somewhat rounded on
its inner side, flattened on its external surface,

terminating superiorly in a point into which
the external lateral ligament of the knee-joint

is inserted, anterior and posterior to which the

edge of the bone receives the tendon of tlie

biceps muscle. At the upper and anterior

))art of its internal surface tliere is a small sur-

face nearly plane, which is articulated with a

similar one on the external tuberosity of the

tibia. On the shaft of the fibula we may dis-

tinguish three surfaces, but in consequence of

the great extent to whicli the fibula apjiears to

liave undergone torsion, it is at first dillicult to

detect the lines of demarcation between these

surfaces. The e.rtcrniil surface is very narrow

and convex in its upper third, gradually ex-

pands as it descends, and becomes hollowed

out in its middle third, where it receives the

peroncEi muscles ; in both these portions the

aspect of this surface is outwards and slightly

forwards. In the inferior third it is quite flat,

and its aspect is outwards and backwards. The
intermit surface has a longitudinal sharp ridge

upon it, which gives insertion to the interosse-

ous ligament. This crest divides the internal

surface into two portions ; the anterior, very

small, in some cases not exceeding two or three

lines, gives attachment to the extensor muscles

of the toes and the peron^us tertius; the pos-

terior, much more considerable and slightly

concave longitudinally for about its two supe-

rior thirds, has the tibialis posticus inserted

into it. This surface, which above looks nearly

directly inwards, looks forwards in its inferior

third. The posterior surface is also very nar-

row above, and expands as it descends ; upon
it the twist in the bone is very obvious. In

its superior third this surface looks outwards

and backwards ; in its middle third, where it is

much more expanded, it looks directly back-

wards; and in its inferior third its aspect is

inwards, and here it terminates in forming a
rough surface which is adapted to the similar one
on the fibular side of the inferior extremity of

the tibia. Superiorly the posterior surface of the

tibia gives attachment to the solceus muscle, and
lower down to the flexor poUicis proprius. The
orifice of the nutritious canal, directed down-
wards and forwards, is found here.

A knowledge of the edges which separate

these surfaces will assist the student in

understanding the position of the surfaces

themselves. The anterior edge begins just

below the head, passes down in front of the

bone as far as the middle, then becomes exter-

nal and bifurcates, enclosing a triangular sur-

face on the outside of the inferior extremity of

the bone, which is quite subcutaneous. The
external edge is at first external, and about the

commencement of the inferior third it begins

to wind round so as ultimately to become

posterior. The internal edge, which is the

most acute, and is more prominent in the centre

than at its extremities, passes forwards inferiorly,

and terminates in front of the inferior extre-

mity of the bone : below it gives attachment

to the interosseous ligament.

The inferior extremity is long and flat, and
terminates in a point; it extends entirely below

the inferior articular surface on the tibia, and,

as Cruveilhier aptly remarks, it forms exter-

nally the pendant to the malleolus internus,

which it exceeds in length and thickness; it is

consequently called the muUeotus exlernus.

The internal surface of the external malleolus

presents in its anterior two-thirds a plane

triangular surface for articulation with the

astra'jalus; behind this surface there is an

excavation, which is rough, and gives insertion

to the posterior external lateral ligament. The
external surface is convex and subcutaneous,

and the posterior surface is grooved for the
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pnssage of the tendons of the jierona;! muscles.

T\w apex of the niiillfohis is direcled down-
wards, and is the point of attachment of the

middle external lateral ligament.

Stnu-turi:— This bone is very light and

elastic, a property rendered necessary by the

antagonist muscles which arc inserted into its

opposite surfaces. Its extremities are composed

of cancellated structure, which extends some

way to the shaft of the bone, llie medullary

canal, very narrow and irregular, is found only

in its middle third.

Dcvelopement of the bones of the leg.—The
tibia begins to ossify somewhat earlier than the

fibula. Both bones begin to ossify in their

shafts ; the ossific point of the shaft of the tibia

appeai-s about the middle of tlie second mouth.

According to Meckel, in the embryo of ten

weeks, the fibula is not above half the length of

the tibia; after the third month the two bones are

nearly equal, lioth bones have an ossific point

for ench extremity. The superior extremity of

the tibia begins to ossify towards the termination

of the first year after birth. Tlie inferior extre-

mity is ossified in the course of the second

year : the external malleolus is a prolongjition

of the inferior extremity. The union of the

extremities with the shaft commences by the

inferior, and is completed from the eighteenth

to the twenty-fifth year. The ossification of

the fibula follows nearly the same course,

excepting that the superior extremity does not

begin to ossify till the fifth year.

The tibia constitutes the principal pillar of

support to the leg. It is placed perpendicu-

larly under the femur, and as the latter bone

is inclined inwards, it follows that tl\ere must

be an angle formed between tliese two bones

at the knee-joint, a very obtuse one, with its

apex inwards.* It is then by the strength and

direction of the tibia that the leg firmly sup-

ports the body in the erect attitude; the fibula

seems not to contribute at all to the solidity of

the limb, but is chiefly employed to increase the

surface of attachment for the muscles of the leg.

Tlie developement of the tibia and fibula in

the inferior mammalia is pretty similar to that

of the radius and ulna. The tibia is always

fully developed, and, as in man, is the prin-

cipal bone of the leg, its size being pro-

portionate to the weight and strength of the

animal. Admitting the fibula to be tlie ana-

logue of the latter bone, we find that, as it

is rudimentary in the Solipeds and Ruminants,

so the fibula is in a similar condition in these

animals. In the former animals this bone is

applied to the external side of the head of the

tibia in the form of an elongat('d stilct, termi-

nating less than half way down in a fine iioint.

On the other hand, in Ruminants it is only the

inferior part of the fibula that is develope<l ; it

appears under the form of a small narrow bone,

extending a very little way upwards, and form-

ing the external malleolus.

• A preternatural obliquity of the femur causes

a corrrspondiug divergence of the tibia Irom the

porpendtciilar. When thi: femur is tlirecled un-

usually inwards, the tibia is directed dowu^iirtU

aud outwards.

In Pachydermata the fibula is ftdly deve-

loped and quite distinct from the tibia, and
very small in proiKirtion. In Kdentata the

two bones are fully developed, and in the

Sloths the inferior extremity of the fibula con-

tributes to form the articular surface for the

astragalus. In Uodentia the two bones are

united together in the inferior half, as also with

the Insectivora, particularly in the Mole. In
many Camivora these bones are fully developed

and detached : this is particularly manifest in

the I'hocidsK and the Felidse. In tlie Dogs,
however, the fibula is attached to the posterior

part of the tibia.

For the description of the bones comjrasing

tlie foot, we refer to the article under that

head ; and for furtlier detaiU on the osseous

system of the extremities, we refer to the

articles Osseous System (Comp. Anat.) and
Skeleton.

Abnormal amdition of the bonei of the extre-

mities.—A congenital malformation of one or

more of the extremities is classed by Isidore

Geoffroy St. Ililaire among what he denomi-
nates " Monstres Ectromcliens," of which he
has three subdivisions : 1st, where the hands
or feet a|>pear to exist alone, and seem to be

connected with the trunk without the inter-

vention of all or some of tlie intermediate

segments; these he denominates Phocomelet,

{(puxn, Phoca, and fxiXo;, membrum,) firora their

resemblance to the permanent condition of the

aquatic mammalia : 2d, cases in which there

arc one or more incomplete limbs terminating

in the form of stumps: to these he gives

the name llemimeles: and, lastly, where the

limb or limbs are wholly absent or scarcely at

all developed. An interesting case of Phoco-

melia is recorded by DumenI ; all the limbs

were in this condition, owing to tlie absence

of the humerus, and forearm bones in the upper

extremity, and the presence of a very imjxjrfect

femur, developed only as to the head and tro-

chanters, and a very imiierfect tibia in the lower

extremity. The clavicle and scapula were pre-

sent, but presented some irregularities of form.*

Tlie congenital absence of these last bones is

rare excepting where the other bones of the

limb are also absent.

It would be inconsistent with the objects of

this article to prosecute this subject further ; we
therefore refer for further details to the article

Monstrosity.
For Bibliography, see that of Anatomy

(Introduction).

(R. B. Todd.)

EYE, (in human anatomy), o^9aXf.to(, orga-

nonvisus; ocidiis. I'T.tEH; Germ, das Auge;

Ital . Occhio.—The human eye is a hollow sphere,

about one inch in diameter, with a circular

aperture in the anterior part about one-fifth of

this s]>hcre in breadth, fille<l by a transparent

convex i)ortion called the cornea, tlirough which

the light is transmiued. Within this hollow

* Bull, de la .Soc. Philomath, t. iii., quoted in

Geoff. .St. Hilaire's Auom. dc I'Urgauizauou, t. ii.

p. 211.



172 EYE.

sphere, and at a short distance behind the trans-

parent convex portion or cornea, is fixed a
double convex lens, called the crystalline lens

or crystalline humour; and between this cor-

nea and crystalline lens is interposed a parti-

tion or screen called the iris, with a circular

aperture in its centre called the pupil. The
inner surface of this hollow spheie, as well as

the back of the iris or screen, are covered or

stained with a black material. The space be-

tween the cornea and crystalline lens, in which
the iris is placed, is filled with a transparent

fluid, called the aqueous humour, and the

space between the crystalline lens and the bot-

tom of the sphere is filled with a similar fluid,

called the vitreous humour. The annexed figure

represents a section of this simple piece of opti-

cal mechanism, much larger than natural to

render the parts more distinct.

Fig. 100.

An acquaintance with the laws which regu-

late the transmission of the rays of light through

transparent bodies, and with the manner in

which the lenticular form changes the direction

of these rays, teaches that a correct image of ex-

ternal objects is formed in the bottom of the eye

in consequence of the above adjustment of its

parts. First, the rays of light acquire a con-

vergence in their passage tlirough the cornea

and aqueous humour, then the central portion

of the pencil of rays is transmitted through the

pupil, and, finally, the rays in their passage

through the crystalline lens acquire such addi-

tional convergence, that they are brought to a
focus on the bottom as represented in the an-

nexed diagram.

Such are the essential component parts of

tlie eye, considered as a piece of optical me-
chanism, but viewed as a piece of anatomical

mechanism, its constniction is much more com-
plicated, and the materials of which it is com-
posed are necessarily totally different from those

of any human contrivance of a similar nature.

It lives in common with the body of which it

forms a part, it grows and is repaired ; conse-

quently, the animal organisation destined for

such functions must constitute an essential

part of its construction.

The organ derives its permanent spherical

form, its external strength, and the support of
the delicate parts within it, from a strong opaque
membrane called the sclerotic coat; while

the convex portion, called cornea, in front,

equally strong, being transparent, allows the

rays of light to pass without interruption. Tlie

interior of the portion of the sphere formed by
the sclerotic coat is lined throughout by a soft

membrane called the choroid, necessarily con-

stituting another hollow sphere, accurately

adapted and adhering to the inside of the for-

mer. This also has its circular aperture ante-

riorly, into which is fitted the screen called iris,

as the cornea is fitted into the aperture in the

sclerotic. While the external surface of this

choroid coat is comparatively rough and coarse

in its organization, as it adheres to the equally

coarse surface of the sclerotic, the interior is

exquisitely smooth and soft, being destined to

embrace the retina, another spherically dis-

posed membrane of extreme delicacy. The
screen called iris, which is fitted into the cir-

cular aperture anteriorly, is as different from
the choroid coat in its organization as the cor-

nea is from the sclerotic : it is perfectly plane,

and therefore forms with the concave surface

of the cornea a cavity of the shape of a plano-

convex lens, called the anterior chamber. In
or on the choroid coat the principal vessels and
nerves, destined to supply the interior of the

organ, are distributed, and in its texture and
upon its inner surface is deposited the black

material, which in this part of the chamber, as

well as on the back of the iris, is so essential a

provision. At the anterior margin the choroid

is more firmly united to the corresponding mar-
gin of the sclerotic by a circular band of pecu-

liar structure called the ciliary ligament, and on

its inner surface, in the same place, it is fur-

Fig. 101.
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nished with a circle of prominciil folds called

ciliary processes, by means of which il is united

to the corresponding surface of llie hyaloid

membrane of the vitreous humour. Tlie an-

nexed figure represents a section of this hollow

sphere lodged within the sclerotic sphere. The

external circle, a a, between the two black

lines represents a section of the strong opaque

membrane called the sclerotic, which coasti-

tutes the case or resisting sides of the organ ;

b IS the transparent lenticular window called

cornea, which tills the aperture left in the ante-

rior part of the sclerotic for its reception ; dd is

the place of union between the sclerotic and

cornea, to which the ciliary ligament on the

outside of the anterior margin of the choroid

sphere corresponds ; e e the circle bounded

by the line marking the inner surface of the

sclerotic externally, and by the shaded part in-

ternally, represents a section of the hollow

sphere called choroid. At the point d d, cor-

res|X)nding to the place of union between the

sclerotic and cornea, this choroid projects exter-

nally, encroaching upon the sclerotic in a pecu-

liar manner, to be presently described as the

ciliary ligament; while at the same point it

projects internally in the shape of a series of

folds, to be described as the ciliary processes.

The white productions extending from the same

points in a vertical direction into the chamber

ofthe aqueous humour, between the cornea and

crystalline lens, represent a section of the

screen called the iris, f is a section of the

crystalline lens.

Fig. 102.

ed by the cornea being very small, and that
behind bounded by the retina being very large.

Tins large posterior chamber is distended by a
spherical transi)arent mass, called the vitreous

humour, which does not, however, fill this pos-
terior chamber completely, but is discontinueil

or compressed at a short distance behind tlie

iris, leaving a narrow space between it and that

membrane, called the posterior chamber of the

aqueous humour. This spherical mass is of ex-
tremely soft consistence, and is composed of a
delicate transparent cellular membiune called

the hyaloid membrane, the cells of which are

distended with a transparent fluid. In the

small space between the anterior part of the

vitreous humour and the back of the iris, railed

the posterior chamber of the aqueous humour,
and lodged in a depression formed for its re-

ception in the vitreous humour, is placed the

double convex lens called the crystalline lens.

The relation of these parts to each other may
be seen in the last figure, and the one below
represents the optic nerve expanded in the
form of a spherical membrane over the sphere
of vitreous humour, with the crystalline lens

lodged in a depression on the anterior part of
tliat sphere, and surrounded by a circle of
radiating lines, which are delicate folds corres-

ponding to the folds of the choroid, called the

ciliary processes.

¥ig. 103.

Through a small aperture in the sclerotic

and choroid membranes in the bottom of the
eye, the optic nerve is transmitted, and imme-
diately expands into a texture of the most ex-
quisite delicacy, called the retina. This con-
stitutes a tliird spherically disposed membrane,
not however of the same extent as the sclerotic

or choroid, being discontinued at a distance of
about an eighth of an inch from the anterior

margins of these membranes. This is the ner-

vous expansion endowed with the peculiar

description of sensibility which renders the ani-

mal conscious of the presence of light. The
globe of the eye, as above described, is ob-
viously divided by the iris into two chambers of
very unequal dimensions; that in front bound-

The piece of animal optical mechanism thus

constructed is lodged in an open cavity of the

skull called the orbit, and is fiimished with six

small muscles for its motions inserted into the

outside of the sclerotic coat. The transparent
' cornea through which the light is transmitted is

necessarily exposed, and not being in its nature

suited to such exposure, is covered with a
membrane called cun;'unc<tv(i, which alsoextends

over the sclerotic, where that membrane con-

stitutes the anterior part of the globe, and then

being reflected, lines the eyelids, and finally be-

comes continuous with the skin of the face.

The human eye is, as has been staled above,

probably a sphere of about one inch in diameter.

Petit, however, who appears to have first made
the attempt to determine the proportions of the

orgim accurately, describes the axis to be to the

diameter as 135 to 136, and the younger Som-
merring, apparently from his own observations,

as 10 to 9.5. This belief in a slight differ-

ence in dimension may, however, have been
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a<loplL'<l from not making allowance for the

projection of tlic comoa, wliicli is a portion of

a smaller sphere than the globe itself, and con-

sequently projects beyond its circiimference.

From the flaccid stiite of tlie eye even shortly

after death, it must be very diflicult to measure

it accurately. Tlie question is, however, for-

tunately of little practical importance. The
eyeball of the male is generally a little larger

than that of the female; and if a close inquiry

be made into the matter, much ditl'erence in this

respect might probably be detected in different

individuals. I have seen the eyeball in an

adult of full size not larger than that of a child

of five years old ; and there is much apparent

difference in consequence of the difference in

the depth of the orbit, and in the gape of the

eyelids. Although the human eyeball is nearly

a perfect sjihere, that precise form is obviously

not an essential requisite in the construction of

a perfect organ of vision. In all the vertebral

animals the bottom of the eye, where the retina

is expanded, is probably a portion of a correct

sphere, but in many the anterior part is com-
pressed, or in other words the sphere is trun-

cated, to adapt it to the form and dimensions of

the head, or to bring the cornea and lens nearer

to the retina. In the mysticete whale the axis

is to the diameter as 20 to 29 ; in the swan as

7 to 10 ; in the turtle as about 8 to 10 ; and in

the cod as 14 to 17. This deviation from the

spherical form demands a corresponding provi-

sion in the construction of the sclerotic, to be
noticed when describing that membrane. For
a fuller account of the comparative proportional

measurements of the eye, the student is referred

to the works of Cuvier and D. W. Siimmer-
ring, as quoted at the end of this article ; the

limits of which do not admit of a greater detail

of facts derived from comparative anatomy
than the illustration of the description of the

human organ absolutely demands.
Having attempted to give a general notion

of the mechanism of the eye in the preceding

paragraphs, it remains to consider each com-
ponent part separately, and to determine its

organization, properties, and application, as

well as the changes to which it is liable from
age, disease, or other circumstances.

Of the sclerotic membrane — This, as has

been stated, constitutes, with the transpa-

rent cornea, the external case ujjon which
the integrity of the more delicate inter-

nal parts of the organ depends, otherwise in-

capable of preserving their precise relations to

each other : without such supi5ort the compo-
nent structures must fall to pieces, or be crushed
by external pressure. Tlie name is derived

from the Greek ffn.'Kri^ou, and it has also been
called cornea and cornea opuca in contradistinc-

tion to the true or transparent cornea, a structure

to which it bears no resemblance whatsoever

;

it is the same animal material which exists in

all parts of the body where strength with flexi-

bility is required, tlie material which in modern
times has been denominated fibrous mem-
brane. When carefully freed from all ex-

traneous matter by clipping with a pair of

scissors under water, it presents the brilliant

silvery-while appearance so characteristic of

the fibrous membranes. The white streaks

which give the fibrous appearance appear ar-

ranged concentriciilly as the lines on imper-
fectly polished metallic surfaces. It is inelastic

as other fibrous membranes, and so strong that

it does not tear or yield unless exposed to the

greatest violence. Although penetrated by the

vessels going into and returning from the in-

ternal parts of the eye, it does not appear to

have much more red blood circulating through
its texture than other tendinous expansions
distinguished for their whiteness. The vas-

cularity of the anterior part, however, where it

is exposed in the living body, constituting the

tunica a/huginca, or white of the eye, is

different from that of the rest of the mem-
brane. The four straight muscles are pene-
trated by small branches of the ophthalmic
artery, the delicate ramifications of which con-
verge to the circumference of the cornea, for

the nutrition of which membrane they appear
to be destined. In the natural state they can
scarcely be detected, but when enlarged by in-

flammation, present a remarkable a])pearance,

considered by practical writers one of the most
characteristic symptoms of inflammation of the

eyeball, or, as it is called, iritis. They then

appear as numerous distinct vessels, and as they

approach the margin of the cornea, become so
mmute and subdivided, that they can no longer

be distinguished as separate vessels, but merely
present a uniform red tint, described as a pink
zone. The colour of this inflammatory vascula-

rity is also characteristic. Whether from the

vessels being more arterial than venous, or

from their distribution in so white a structure,

they present a brilliant pink appearance very

different from the deep red of conjunctival in-

flammation, which often enables the practi-

tioner to pronounce an opinion as to the nature

of the disease before he makes a close examin-
ation.

The inner surface of the sclerotic where it

is in contiict with the choroid, does not present

the same brilliant silver-white appearance that

it does externally, being stained with the black

colouring matter ; it is also obscured by a thin

layer of cellular membrane, by means of which
it is united to the external surface of the cho-
roid.* This layer of cellular membrane was
described by Le Cat, and more particularly by
Zinn, as a distinct membraue, and considered

to be a continuation of the pia mater ; it is, how-
ever, obviously nothing more than the connect-

ing material applied here as in other parts of

the body where union is requisite.

The thickness of the sclerotic is greater in

the bottom of the eye than at its anterior part,

where it is so thin that it allows the black colour

of the choroid to appear through it, giving to this

part of the eye a blue tint, particulaily remark-
able in young persons of delicate frame. The at-

tachments of the four straight muscles, how-
ever, appear to increase the thickness in this

• [Arnold and others describe and figure a serous
meinhrane in this situation ( Spinttwcbcnfutut, (irach-

Twidca oculi ). See tlic figure of a vertical section

of the eye in Arnold uber das Auge, tab. iii. fig. 2,
and copied into Mr, Mackenzie's work on the
Eye.—Eu.J
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silimliuii ; but tliat there is no genentl tliick-

eiiiiig ill this |)art frum this cause is provfti

by till' thinness of the nienilmiiie in the inter-

vals between and beneath these teiulons. Tbe
consequence of this greater thinness of the

raeinhrane anteriorly is, that when the eyeball

is ruptured by a blow, the laceration takes

place at a short distance from the cornea. Jn
animals in whom the eyeball deviates much
from a true sphere, as in the horse, ox, sheep,

and above all, in the whale, the sclerotic is

much thicker posteriorly than anteriorly, being

in the latter animal from three quarters to an
inch in thickness, while it is not more than a

line at its junction with the cornea. The rea-

son for the existence of this provision is, that

the form of the perfect sphere is preserved by
the uniform resistance of tlie contents, but when
these contents are spherical in one part, and
fattened in another, the external case must pos-

sess strength sufficient to preserve tliis irregu-

larity of form. It is remarkable that this

strength is conferred in the class mammalia
by giving to the sclerotic increase of thickness,

the fibrous structure remaining nearly the same
in its nature, while in birds, reptiles, and fishes,

the requisite strength is derived from the pre-

sence of a cartilaginous cup or portion ofsphere,

disposed within a very tliin fibrous sclerotic.

This cartilaginous sclerotic, as it is often

called in the books, exists, as far as I have been
able to ascertain, in these three classes, and is in

some individuals very remarkable. In birds it

is thin and flexible, giving a degree of elasticity,

which distinguishes the eyeball in this class.

In fishes, as has been observed by Cuvier and
others, the cartilage is always present, and is

particularly thick in the sturgeon ; it is even
osseous in some, as the sea-bream, from the

eye of which animal I have often obtained it

in the form of a hard crust by putrefactive

maceration. Among the reptiles the turtle

presents a good example of this structure.

Where the deviation from the spherical form is

very great, as in birds, additional provision is

made to sustain the form of the organ. This
consists of a series of small os.seous plates ar-

ranged in a circle round the margin of tlie cor-

nea, lapping over each other at the edges, and
intimately connected with the fibrous and car-

tilaginous layers of the sclerotic. A similar

provision exists in the turtle, and also in the

chameleon, and many other lizards, but not

perhaps so neatly and perfectly arranged as in

birds. It is found in the great fossil reptiles

Ichthyosaurus and Plesiosaurus.

The sclerotic, like other fibrous membranes,
being inelastic and unyielding, does not be-
come stretched when fluids accumulate in the

eyeball in consetjuence of inflammation, or in

other words, the eyeball does not become en-
larged from efl'usion of serum or secretion of

purulent matter into its chambers. To this

probably may be attributed the intolerable

torture and sense of tension experienced when
the eyeball suppurates, as well as the severe

pain extending to the temple in some forms of
inflammation. The pain in such cases must
not, however, be wholly attributed to this dis-

tension of an unyielding membrane. The

fibrous membranes in general, when affected by
rheumatic or arthritic inflanimution, liecome

acutely sensible, and the cause of much suffer-

ing ; and the sclerotic, when similarly aflected,

acquires the same description of painful s(!ii-

sibility, apparently independent of distension

from effusion. In certain forms of inflam-

mation and other morbid changes of the

eyelrall, the sclerotic appears to yield to

distension, as in scrofulous inflammation and
hydrophthalmia ; but this is not a mechanical

stretching, but an alteration in structure at-

tended with a thinning of the membrane, and
consequent alteration in the shape of the globe.

It appears that the cornea and sclerotic are

peculiarly, if not in many instances almost ex-

clusively, the seat of the disease in chronic

scrofulous inflammation of the eyeball. This

inference may, I think, be justly drawn from

the fact, that in such cases the sclerotic becomes
so much thinned that tlie dark choroid projects

in the form of a tumour, and the eye loses its

spherical form ; yet the pupil remains regular,

the lens transparent, and the retina sensible to

light. When the cornea is destroyed by slough

or ulceration in severe ophthalmia, allowing

the lens and more or less of the vitreous hu-

mour to escape, the sclerotic does not accom-
modate itself to the diminished contents by a
uniform contraction, but merely falls in ; and
when the eye has been completely emptied, it

is found many years afler the injury folded up
into a small irregular mass in tlie bottom of the

orbit. When the organization of the eye is

completely destroyed by idiopathic, rheumatic,

or syphilitic inHammation, the sclerotic becomes
flaccid, and the whole eyeball sof\, allowing

the contraction of the four straight muscles to

produce corresponding depressions, and thus

convert the sphere into a form somewhat cu-
bical.

Ofthe cornea.—Tliis is the transparent body
which fills the circular aperture in the anterior

part of the spherical sclerotic ; it is called cornea

from its supposed resemblance to transparent

horn, and cornea trunspurens in contradistinction

to the sclerotic, which, as has been stated, is

called cornea opaca. It is generally described

as a transparent structure, serving to th^ eye the

same puryose as tlie crystal to tlie watch ; but

this is not a correct comparison : the crystal

merely transmits the light without changing

the direction of tlie rays ; the cornea, whether

it be considered in itself a lens, or as tlie sphe-

rical surface of the aqueous humour, refracts

the rays and causes them to converge to a

focus. Ilaller, although he does not directly

say that it is a lens, yet states that if held over

a book it magnifies the letters, which of course

results from its lenticular form; and Cuvier

and IJiot distinctly call it a meniscus. On the

other hand, the Siimmerrings, botli father and

son, describe it as a mere segment of a sphere,

the cui-ve of the convexity corresponding to

that of tlie concavity, as in the watch crysul.

I consider it to be a lens and a meniscus. If

it be removed from the eye a short time after

death with a portion of the sclerotic, and dipped

in water to smooth its surfaces, it magnifies ob.

jects when held between them and the eye, a«
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stated by Ilaller; and sections of the cornea of

the eye of the horse, ox, sheep, or other large

animals, shew tliat tlie part is much thicker in

the centre than at the circumference. It is

also to be observed that it has the same provi-

sion for the preservation of its lenticular form
in a correct state as the crystalline lens, as will

Eresently be explained. The statements made
y authors respecting the measurements of

the curvatures of the surface of the cornea can

be considered only iis an approximation to tlie

truth. It is obvious that there must be much
difficulty in accurately ascertaining the matter

during life, and after death the form is so

speedily altered by evaporation that the curve

cannot remain the same as during life, hence
the measurements differ. Ilaller says it is a

]X)rtioii of a sphere seven lines and a half

in diameter; Wintringham that the chord is

equal to 1.05 of an inch, the versed sine of

this chord 0.29, and consequently the radius is

equal to 0.620215 of an inch. Mr. Lloyd, in

his Optics, states, on the authority of Chossat,

that the surface of the cornea is not spherical

but spheroidical. He says, " the bounding
surfaces of the refracting media, however, are

not spherical but spheroidiail. This remark-

able fact was long since suspected by M. Petit,

but of late has been placed on the clearest

evidence by the accurate measurements of

Chossat. This author has found that the

cornea of the eye of the ox is an ellipsoid of

revolution round the greater axis, this axis

being inclined inwards about 10". The ratio

of the major axis to the distance between the

foci in the generating ellipse he found to be
1.3; and this agreeing very nearly with 1.337,

the index of refraction of the aqueous humour,
it follows that parallel rays will be refracted to

a focus by the surface of this humour with ma-
thematical accuracy." Whether we consider

the cornea as a distinct lens, or as constituting

the spherical surface of the aqueous humour,
there can be no doubt of its importance as an
agent in causing the convergence of the rays of
light to a focus on the retina in conjunction

with the crystalline lens. If other proof were
wanted, it is affoided by the comparatively

perfect optical mechanism of the eye after the

crystalline lens has been removed by the opera-

tion for cataract. The vision in such cases,

especially in young persons, is often so good
that individuals are satisfied with it for the

common purposes of life, and do not resort to

the use of the usual convex glasses. The cir-

cumference of the cornea is not perfectly cir-

cular externally, although it is internally; the

sclerotic laps a little over it both superiorly and
inferiorly, so that it appears a little wider than

it is deep, the vertical being to the horizontal

diameter as fifteen to sixteen.

Although the cornea is in general description

considered a simple and uniform membrane,
it is undoubtedly composed of three forms of

animal structure, as different from each other as

any other three in the animal. These are tlie

conjunctiva, which constitutes the exposed sur-

face ; the proper cornea, upon which the

strength of the part depends; and the elastic

cornea, which lines the inner concave surface.

The conjunctiva is evidently a continuation of

the skin, which, reflected in the form of a vas-

cular membrane, lines the eyelids, from which
it is continued as a delicate transparent mem-
brane over the anterior part of the globe, ad-
hering loosely to the sclerotic, and closely to

the cornea. The existence of conjunctiva on
the surface of the cornea proper admits of easy

demonstration, and its identity of character

with the rest of the conjunctiva and skin of
satisfactory proof If the surface, shortly after

death, be scraped with tlie point of a needle,

the soft texture of the conjunctiva is easily torn

and detached, and the tough, firm, polished

surface of the cornea proper exposed ; and if

the eye be allowed to remain for forty-eight

hours in water, the whole layet' may by a little

care be turned off in the form of a distinct

membrane. During life, patches of tlie con-
junctiva are frequently scra|)ed off by accident,

or by the point of the needle of the surgeon as

he attempts to remove foreign bodies implanted
in the coniea proper; it is also occasionally ac-

cidentally removed by lime or other escharotics.

When the vessels of the conjunctiva over the

sclerotic become enlarged, and filled with red

blood in consequence of preceding inflamma-

tion, that over the cornea at length becomes
equally red, and has its transparency greatly

impaired by the vascular ramifications. In
pustular ophthalmia, the pustules form on the

conjunctiva over the cornea as well as on that

over the sclerotic ; and in small-pox, vision is

frequently destroyed by this part of the tegu-

meiitary membrane participating in the general

disease. In cases where the surface is con-

stantly exposed to the atmosphere in conse-

quence of prominent staphyloma or destruc-

tion or eversion of the eyelids, the conjunctiva

of the cornea occasionally becomes covered

with cuticle in common with the rest of the

membrane. In animals over whose eyes the

skin is continued without forming eyelids, the

continuity of it over the cornea is obvious. In
the mole-rat (Aspulax zemni.), where the skin

is uninterruptedly continued over the eye, the

hairs grow from the part over the cornea as

well as from the rest. When snakes cast their

covering, the cuticle is detached from the

cornea as well as from the rest of the body

;

and when the skin is drawn off the body of an

eel, it is detached with equal ease from the

cornea as from the rest of the eye.

The cornea proper, upon which the strength

of this part of the eye depends, is the structure

to which the appellation cornea is generally

exclusively applied ; it is, as might very rea-

sonably be expected from the office which it

performs, a material of peculiar nature and
organization, not identical with any other of

the simple membranes. During life, and
before it becomes altered by the changes which
take place after death, it is perfectly trans-

parent, colourless, and apparently homoge-
neous. This perfect transparency, however,

depends upon the peculiar relation of the

component parts of its texture, for if the eye-

ball of an animal recently dead be firmly

squeezed, the cornea is rendered completely

opaque, by altering that relation of parts, and
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as speeclily recovers its Iranspareney u]X)n the

removal of llie pressure. The clieniical com-
position o[ the comea is similar to thut of the

fibrous membranes in eeneral and the sclerotic

in particular : like the latter structure, it is con-

verted into gelatine by boiling; but Berzelius

states that it contains also a small quantity of
fibrine or coagulated albumen, as proved by
tlie formation of a precipitate ii)x>n adding the

cyanuret of ferro-prussiate of potass to acetic

acid, in which the membrane has been digested.

'Hie cornea possesses great strength, being

seldom or never ruptured by blows on the eye-
ball, which frequently tear the sclerotic exten-

sively. It does not yield to distension from
increased secretion, effusion, or suppuration

y within the eyeball in consequence of inflam-

mation, but it becomes extended and altered

by growth both in shape and dimensions, as

may be observed in prominent staphyloma,
hydrophthalmia, and that peculiar alteration

called staphyloma pellucidum, in which the

spherical form of the membrane degenerates
into a cone, but retains its transparency.

llie comea is destitute of red vessels, yet it

affords a signal example of colourless and
transparent texture possessing vital powers
inferior to no other. No structure in the body
appears more capable of uniting by the first

intention. The wound inflicted in extracting a
cataract is of\en healed in forty-eight hours, yet
the lips are bathed internally with the aqueous
humour, and externally with the tears. Ulcers
fill up and cicatrize upon its surface ; and al-

though the vessels, under such circumstances,

frequently become so much enlarged as to

admit red blood, yet there can be no doubt
that ulcers do heal without a single red vessel

inaking its appearance. Abscesses form in the

cornea, and contain purulent matter of the

same appearance as elsewhere ; they are gene-
rally siiid to be between the layers of the

comea, but they are evidently distinct cavities

circumscribed by the inflammatory process as

in other cases; occasionally, however, the

whole texture of the cornea becomes infil-

trated with purulent matter, as the cellular

membrane in erysipelas. The rapidity with

B which this membrane is destroyed by the ul-
T cerative process is another proof of its superior

vitality. In a few days a mere speck of ulce-

ration, the consequence of a pustule, extends
through tlie entire thickness, and permits the
iris to protrude; and in gonorrhceal and infentile

purulent ophthalmia, the process is much more
rapid and extensive. It is tme that in the

latter case the destruction is attributed to gan-
grene or sloughing, and to a certain extent
correctly; but an accurate observer must admit
that the two processes co-operate in the pro-
duction of the lamentable consequences which
result from these diseases. Ulcers of the comea
fill up by granulation and cicatrize as in other
pans of the body, but the repaired part does
not possess the original organization, and is

consequently destitute of that transparency and
regularity of surface so essential for its func-
tions ; hence the various forms and de^ees of
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opacity enumerated under the technical titles

of atbufio, leucoma, iiiargarita, nebula, (S<c.

which are prolxibly never remedied, however
minute they may be, notwithstanding the ge-
neral reliance placed in the various stimulating

applications made for this pur|K>se. Slight

opacities, or nebuLe as they are called, if con-

fined to the conjunctival covering of the comea,
gradually disappear after the inflammation sub-

sides, as does also diffused o|>acity of the

cornea itself, the conse<)uence of scrofulous

inflammation ; but I believe opacities from
ulceration and cicatrix are seldom if ever re-

moved. The effect of acute inflammation is

to render this, and perhaps all transparent and
colourless membranes, white and opaque with-

out producing redness ; this may be seen in

wounds, where the edges speedily become
gray ; and in the white circle which frequently

occupies the margin of the cornea in the in-

flammations of the eyeball commonly called

iritis.

The comea in a state of health is destitute

of sensibility. Of this I have frequently sa-

tisfied myself by actual experiment in cases of

injury of the eye, where the texture of the part

is exposed. When foreign bodies, such as

specks of steel or other metals, are lodged in

its structure, the surgeon experiences much dif-

ficulty in his attempts to remove them, from
the extremely painful sensibiUty of the con-

junctiva as he touches it with his needle ; but
the moment he strikes the point of the instru-

ment beneath the foreign body into the comea
itself, tlie eye becomes steady, and he may
touch, scrape, or cut any jvart of the membrane
uncovered by conjunctiva without complaint.

It has already been stated that the comea,
as it constitutes the transparent medium for

the passage of the rays of light, is composed of

three distinct forms of structure altogether dif-

ferent from each other, the conjunctiva, the

cornea proper, and the elastic comea. The
latter membrane is now to be described. In

many of our books this membrane is vaguely

alluded to as the membrane of the aqueous
humour ; but with this it must not for a mo-
ment be confounded. It is a distinct provision

for a specific purpose, totally different from

tliat for which the other is provided. It was
known to and described by Duddell, Decemct.
Demours, and latterly by Mr. Sawrey ; but all

these authors having unfortunately published

their accounts in separate and probably small

treatises, not preserved in any journal, I have

not been able to consult them. It is, however,

distinctly recognized by Clemens, D. W.
Sommerring, Blainville, and Hegar ; and in a

paper on the anatomy of the eye in the Me-
dico-Chimrgical Transactions, 1 endeavoured to

direct attention to it without effect., The struc-

ture here alluded to is a firm, elastic, exqui-

sitely transparent membrane, exactly applied to

the inner surface of the cornea proper, and se-

parating it from the aqueous humour. When
the eye has been macerated for a week or ten

days in water, by which the cornea proper is

rendered completely opaque, this membrane re-

V
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lains its transparency perfectly ; it also retains

its transparency after long-continued immersion
in alcohol, or even in boiling water. When
detached, it curls up and does not fall flaccid

or float loosely in water, as other delicate mem-
branes. It also presents a peculiar sparkling

appearance in water, depending upon its greater

refractive power ; In fact it presents all the

characters of cartilage, and is evidently of pre-

cisely the same nature as the capsule of the

crystalline lens. When the cornea proper is

penetrated by ulceration, a small vesicular trans-

parent prominence has been repeatedly ob-

served in ihe bottom of the ulcer, confining for

a time the aqueous humour, but ultimately

giving way, and allowing that fluid to escape,

and the iris to prolapse ; there can be little

doubt that it is this membrane which presents

this appearance. In syphilitic iritis, this mem-
brane becomes partially opaque, appearing

dusted or speckled overwith small dots altogether

different in appearance from any form of

opacity observed on the conjunctiva or cornea

proper. When it has been touched by the

point of the needle in breaking up a cataract,

an opacity is produced closely resembling cap-

sular cataract. There is no difficulty in pre-

paring and demonstrating this membrane in the

eye of the sheep, ox, and especially the horse,

and it may with a little care be exhibited in the

human and other smaller eyes. The eye of
a horse having been macerated in water for six

or eight days, or until the cornea proper be-
comes white, should be grasped in the left hand
so as to render the anterior part plump, and
then inserting the point of a sharp knife into

the structure of the cornea at its junction with
the sclerotic, layer after layer should be gra-

dually divided by repeated touches round the

circumference, until the whole thickness is cut
through and the transparent elastic cornea ap-
pears, after which the cornea proper may be
turned off" by pulling it gently with the forceps.

The use of the elastic cornea does not appear
to me doubtful. The crystalline lens is lodged
in a capsule of precisely the same nature, evi-

dently destined to preserve correctly the curva-
ture of each surface of that body, a condition
obviously necessary to secure the perfection of
the optical mechanism of the organ. The
elastic cornea in the same way, by its firmness,

resistance, and elasticity, preserves the requi-

site permanent correct curvature of the flaccid

cornea proper.

The cornea proper is closely and intimately

connected to the sclerotic at its circumference.
There does not appear to be any mechanical
adaptation resembling the fitting of a watch-glass
into the bezel, as stated in books; but a ming-
ling of texture, as in many other instances in the

body. The two structures cannot be separated

without anatomical artifice and much vio-

lence. If the eye be macerated in water for a

month, and then plunged into boiling water,

the cornea may be torn from the sclerotic ; but
these destructive processes prove little with re-

gard to animal organization. The conjunctival

««vering of the coniea is, as has been already

stated,continuouswith the rest ofthe conjunctiva,

and the elastic cornea is continued for a short

distance beneath the sclerotic, as if slipjied in

between it and the ciliary ligament.

The cornea, thus composed of three different

structures, varies in appe;irance at different

periods of life. In the foetus at birth it is

slightly cloudy, and even of a pinkish tint, as

if it contained some red particles in its blood ;

this is, however, more apparent on examination

after death than during life ; it is also thicker

in its centre. In old age it is harder, tougher,

and less transparent than in youth, and fre-

quently becomes completely opaque at its cir-

cumference, presenting the appearance denomi-

nated in the books arcus senilis. How far the

alteration in the power of adaptation to distance,

which occurs in advanced life, is to be attri-

buted to change in curvature of the cornea, is

not settled.

If the foregoing account be correct, the ap-

parently simple transparent body which fills the

aperture in the anterior part of the sclerotic, is

composed of three distinct varieties of organic

structure, liable to changes from disease equally

distinct and varied. When the aqueous hu-

mour becomes the subject of description, I

will endeavour to shew that there is good rea-

son for believing that a fourth may be added to

these three, the membrane which lines the

chamber in which this fluid is lodged, and by
which it is secreted. Let it not be supposed

that this division of an apparently simple piece

of organization into so many distinct parts, is

merely an exhibition of minute anatomical re-

finement. The distinction is essentially neces-

sary to enable the surgeon to account for the

appearances produced by disease in this part,

and to guide him in the diagnosis and treat-

ment.

Of the choroid coat.—This membrane has

been so called from its supposed resem-

blance to the chorion of the gra\id uterus;

it has also sometimes been called uvea from

its resemblance to a grape, a term, however,

which is now more frequently applied to the

iris. It has already been stated that the

spherical external case of the eye called the

sclerotic embraces another spherically disposed

membrane, called the choroid coat, accurately

fitted and adhering to it throughout. This

spherically disposed membrane has also its cir-

cular aperture anteriorly, into which is fitted

the screen or diaphragm called the iris. This

choroid membrane cannot be considered essen-

tial to the perfection of the organ considered

merely as a piece of optical mechanism, as a

spherical camera obscura, but is obviously an

important part of its anatomical organization,

and an essential provision for the perfection of

its vital functions. It appears to be destined to

secure the requisite mechanical connexion be-

tween the coarser and more rigid sclerotic case

and the parts within, as well as to secure these

delicate parts in their situation, and preserve

their form, at the same time affording a me-
dium for the distribution and support of the

vessels and nerves.
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Tliis membrane is of a deep brown or black

colour, being stained with tlie colouring matter

called tlie black pigment ; but wl<en this is

removed, it exhibits a hisb degree of arterial

and venous vascularity. Its external surface

is comparatively rough, coarse, and flocculent,

and obscured by the cellular membrane which
connects it to the sclerotic. The inner sur&ce,
which is in contiict with the retina, presents a

very different appearance. It is soft and smooth,
and when minutely injected, resembles the

more delicate mucous membranes, and exhibits

a remarkable degree of minute villous vascu-

larity. ITie external surface being composed
of the larger branches of arteries, veins, and
nerves, may be torn away from the soft, smooth,
and more closely interwoven inner layer, or

the inner layer may be partially dissected up
from it, with some care, especially in the eyes

of the larger quadrupeds. This manoeuvre
having been executed by lluysch, and prepara-

tions so formed displayed by him, the nmer
layer has been denominated the tunica Ruys-
chiana. But this is a mere anatomical artifice.

There is no natural division into two layers,

the soft, smooth, and highly vascular inner

surface being formed by the ultimate subdivi-

sion and distribution of the larger branches of
vessels, which exhibit themselves separately on
the outside. It is a condition somewhat analo-

gous to that of the skin, where the soft, smooth,
villous external surface presents so remarkable
a contrast to the rough internal surface with its

layer of cellular membrane uniting it to the

subjacent parts.

The choroid is supplied with blood from the

ophthalmic artery by the short ciliary arteries,

which penetrate the sclerotic at a short distance

from the entrance of the optic nerve, and are

distributed to it in nearly twenty small branches.

These branches ramify and inosculate freely on
the outside of the membrane, and are visible as

distinct vessels, especially on the posterior part

of the sphere. They finally terminate on the

inner surface, forming a beautiftil vascular

expansion. The long ciliary arteries give

scarcely any twig to the choroid, being distri-

buted to the ins, and the anterior branches
fiirnished to the sclerotic, as described in

speaking of that membrane, do not penetrate

to the choroid. The veins of the choroid pre-

sent a peculiar appearance. The ramifications

are arranged in the form of arches or portions

of a circle, bending round to a common trunk
like those of certain trees with pendulous
branches. They discharge their blood into

four or five larger branches which penetrate

the sclerotic at nearly equal distances from each
other behind the middle of the eyeball. On
account of this peculiar arrangement they have
received the name of vasa vorticosa. They lie

external to the ciliary arteries, but the ultimate

ramifications pervade the inner surface in the

same manner as the arteries ; and if the venous
system of the eye be minutely injected, the

same beautiful uniform villous vascularity is

displayed as in the arterial injections.

The annexed figure is a copy of Zinn's re-

presentation of the vasa vorticosa.

Fl^. 104.

The numerous tier* cs which pierce the scle-

rotic and run forward between tliat membrane
and the choroid, called ciliary nerves, being

distributed almost exclusively to the iris, are

to l)e noticed when that organ is described

;

small branches of them are, however, probably

distributed to the choroid and its append.iges,

and possibly even to the retina and hyaloid

membrane.
The inner villous surface of the choroid,

which in man is stained with the black pig-

ment, in several other animals presents a bril-

liant colour and metallic lustre. This is called

the tapetum. It is not a superadded material nor

dependent on any imposed or separable colour-

ing matter, but is merely a different condition

of the surface of the choroid or tunica Kuys-
chiana, by means of which rays of light of a

certain colour only are reflected. It exists in

the form of a large irregular patch, occupying

the bottom of the eye toward the outside of

the entrance of the optic nerve. It is of a

beautiful blue, green, or yellow colour, with

splendid metallic lustre, and sometimes white

as silver. It is not obscured by the black

pigment which covers the rest of the surface

and even encroaches a little on its margin, and

consequently it acts most perfectly as a concave

reflector, causing the rays of light previously

concentrated on the bottom of the eye by the

lens to be returned, and to produce that re-

markable luminous appearance observed in the

eyes of cats and other animals when seen in

obscure situations. This provision is absent in

man, the quadrumanous animals, bats, the

insectivorous order, perhaps all the ro<ien<u>, the

sloths and many other of the class mammalia ;

while it is present in the majority if not all of

the ruminants, as well as in the horse, the

cetacea, and most of the carnivorous tribe. It

does not appear to exist in birds or reptiles,

and is absent in the osseous, although present

in the cai'tilaginous fishes. I must here, how-

ever, state that I am obliged to speak loosely

respecting this matter, as the subject has not

yet been thoroughly investigated. The use of

this tapetum has not been ascertained, or the

reason why it exists in some and is absent in

other animals explained. It is obvious that

where it is present the rays of light are trans-

mitted through the retina, and again when

reflected by the tapetum are returned through

the same retina, thus twice pervading that

structure.

v 2
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On the outside and anterior part of tlie

choroid, where the margin of that membrane
corresponds to tlie place of union between the

sclerotic and cornea, a peculiar and distinct

formation exists apparently for the purpose of

securing a firm union between the two mem-
branes. It is commonly called the ciliary liga-

ment, also orbkulm citiaris, circulus ciimris,

by Lieutaud plexus ciliuris, by Zinn annulus

cellulusus, and by Siiramerring gangliform ring.

It is a gi-ay circle of soft cellular membrane
about two lines broad, applied like a band
round the margin of the aperture into which
the iris is fitted. It adheres closely to the

choroid, and almost equally closely to the scle-

rotic, especially in the groove where tlie cornea

joins that membrane. It contains few red

vessels, and is not stained by the black pig-

ment; consequently it is of a whitish colour.

The ciliary nerves penetrate it and subdivide
in its structure. Hence it has been considered
by Siimmerring as a ganglion, and had been
previously described by Lieutaud as a nervous
plexus. The ciliai-y nerves, however, merely
pass through, and may easily be traced on to

the iris. It is evidently a mere band of cellular

membrane serving to bind the choroid and
sclerotic together at this point, and is obviously
a provision essentially necessary for the perfec-

tion of the anatomical mechanism of the eye,

as without it the aqueous humour must, from
pressure on the eyeball, be forced back be-
tween the two membranes. In man it is broader
in proportion than in the larger quadrupeds,
and in birds it is particularly large and dense,

adhering more closely to the circle of osseous

plates than to the choroid, and consequently

presents a very remarkable appearance when
the latter membrane is pulled off with the

ciliary processes and iris, an appearance to

which the attention of anatomists was first

drawn by Mr. Crampton. From its position

and appearance the ciliary ligament has often

been suspected to be a muscular organ, destined

by its contraction to alter the form of the cornea,

and thus adapt the eye to distance. There is

not, however, sufticient evidence to sustain

such an opinion. The plate introduced to

represent the ciliary nerves, as well as that

which represents the iris, exhibit this part of
the organization of the eyeball in connexion
with the choroid.

On the inside of the choroid, surrounding
the aperture into which the iris is fitted, and
corresponding in position within to the ciliary

ligament without, exists another peculiar pro-

vision destined to establish a connexion between
this part and the hyaloid membrane of the

vitreous humour, as the ciliary ligament esta-

blishes a similar connexion between the sclerotic

and choroid. This is the corpus ciliare or

ciliary processes, called sometimes incoirectly

ciliary ligament, and by Sommerring corona

ciliuris. It is composed of a number of dis-

tinct folds or productions of the choroid, having

their anterior extremities extended to the back

of the iris, while the posterior gradually dimi-

nish until lost in the membrane from which

they originate. Each fold or ciliary process is

a production or continuation of the choroid,

and cannot be sepitrated from it unless clipped

off by the scissors. They appear to be com-
}x)sea altogether of a remarkable interlacement

of arteries and veins derived from those of the

choroid, and exhibit no appearance whatsoever

of muscular organization, although considered

by Porterfield and others as endowed with that

function. These are sixty or seventy in num-
ber, fifty-seven being enumerated by Sommer-
ring, and seventy by Zinn. They are about
two lines in length, but are not equally so,

every alternate one being shorter than the next

to it. The free internal margin of each ciliary

process is buried in the hyaloid membrane of

the vitreous humour at its anterior part, round
the circumference of the crystalline lens, and a

corresponding production of the hyaloid mem-
brane projects into the space between these

processes so as to establish a most perfect bond
of union between the two structures. The
ciliary processes appear to be attached to the

circumference of the lens, and are often de-

scribed as having such connexion. This, how-
ever, is not the case. The anterior extremities

do not touch the circumference of the lens

;

they project into the posterior chamber of the

aqueous humour up to the back of the iris,

and consequently constitute the circumferen-

tial boundary of that cavity. When the eye
becomes flaccid from evaporation after death,

the ciliary processes fall down to the margin of

the lens and appear to adhere ; but if the cornea

and iris be removed from the eye of a subject

recently dead, a circle of hyaloid membrane
may distinctly be seen Occupying the space

between the ciliary processes and lens, through

which the observer can see to the bottom of

the eye. This space is represented and pointed

out in Siimmerring's plates. The annexed
figure from Zinn's work represents the corpus

ciliare or circle of ciliary processes on a large

scale.

Fig. 105.

The choroid, in common with several other

parts of the eye and its appendages, is stained

by a black colouring matter secreted in and
upon ditferent textures. In man it is of a dark-

brown colour, but in other animals is generally
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black, and so loosely connected with the struc-

ture in which it is de|>osited, tliat in dissectilig

the eyes of uur common graminivorous animals
underwater it becomes diffused, and colours the

fluid as the ink of the cultle-lish obscures the

water into which it is shed. It is not confined

to any one particular structure, but is deposited

in every situation where it is necessary for the

purpose for which it is destined. It is found
in considerable quantity on ilie inner surface of
the choroid, where it appears as if laid on in

the form of a paint, and is frequently so

described ; but it is much more probable that

it is deposited in the interstices of the exqui-
sitely fine cellular membrane which connects

the choroid with the delicate covering of the

retina. In this situation it often, especially in

infants, presents the appearance of a perfectly

distinct black membrane, which may be peeled

off in flakes or allowed to remain on the retina

in patches, as noticed by Ualler. It also per-

vades the structure of the choroid, at least in

the adult, and even stains the inner surface of
the sclerotic and the cellular layer which con-
nects these two membranes. It is deposited
in larger quantity in the ciliary processes and
U|)on the back and in die texture of the iris.

In many animals it is found forming a black
ring round the margin of the cornea and in the

edge of the third eye-lid, as well as in the

pecten or marsupium nigrum in birds. It is

even sometimes found scattered, as if acci-

dentally, as in the texture of the sclerotic in

hogs, and within the sheaths of the optic nerve

in oxen ; it is obvious that it does not require

any special form of organization for its produc-
tion, out is merely secreted into die cellular

membrane, where necessary, as the colouring

matter is secreted with cuticle on the skin.

It is darker in the earlier periods of life, and
in the infant is more confined to the inner sur-

face of the choroid and to the posterior sur&ce
of the iris, than pervading the texture of either

of these membranes. In old age it evidently

fades, and even appears as if absorbed in

patches. It is sometimes altogether absent, as

in those animals called albinos, where all the

parts usually coloured are unstained. Its use
is obviously to prevent the rays of light from
being reflected from surfaces where they should
be absorl)ed, a provision a.s essential to the

perfection of the animal eye as to the artificial

optical instrument. It is also applied to give

complete oi)acity to prevent the transmission of

light, and hence is dejwsited in large quantity

in and on the iris, as well a.s in the ciliary pro-

cesses which correspond in situation to the

exjioscd part of the sclert)tic, throuKh which
the light might otherwise pass to the bottom of
the eve, and disturb correct vision. The layer

of black pigment on the inner surfiice of the

choroid h;is undergone a careful microscopic

investigation, especially by Mr. T. W. Jones,
the results of which are stated in a short

account of the anatomy of the eye prefixed to

the second edition of Mr. M'Renzie's work on
Diseases of the Eye. He says that it jiossesses

orgimization and constitutes a re.d membrane,
and when examined with the iniscroseope " is

seen to consist of very minuto flat bodies of a
hexagonal form, joined tugetiier at their edges.

These bodies, which are about jjJulh of an inch

in diameter, consist of a central transparent

nucleus, surrounded by an envelope of colour-

ing matter, which is most accumulated at their

edges. The centre, indeed, of each hexa-

gonal plate is a transixirent point, and appears

somewhat elevated, the elevations on the inner

surface corres))onding to depressions to be
described in the membrane of Jacob. That
part of the membrane of the pigment situated

on the pam mm plicata of the ciliary body
around die ciliary processes, and on the poste-

rior surface of the iris, is composed of irr^u-

larly rounded bodies, analogous to the hexa-

gonal plates. In albinos the same membrane
exists, but contains no pigment. The bodies

composing it are but little deve-

Fig. 1 06. loped, being nothing but the central

fl^^A nuclei separated from each other by

j|^^ large intervals, and not hexagonal,

«f^V but circular, or even globular. The
^W annexed figure represents this mem-

brane of the pigment as described.

Sometimes the black pigment is totally or

partially deficient, not only in inferior animals,

out also in man, constituting the variety deno-
minated albino, of which the white rabbit

afibrds a good example. The circumstance has

attracted considerable attention, and has beea
the subject of particular observation by Mr.
Hunter, Blumenbach, and many others. Dr.
Sachs has given a curiously elaborate account
of himself and his sister, who are both albinos.

Tlie eye in such cases appears of a beauti-

fully brilliant red, in consequence of the blood
being seen circulating through the transparent

textures unobscured by the pigment, but the

individual suffers from the defect in conse-

quence of the light being transmitted through
all the exposed part of the oi^n

; proving

that the covering of black pigment is deposited

on the back of the iris and in the ciliary pro-

cesses to obviate this injurious consequence.

In human albinos the eyes have often a tremu-
lous oscillating motion, and the individual is

unable to bear strong light.

Tlie colour of the black pigment does not ap-

pear to depend on the presence of carbon or

other dark material, and the minute quantity

of oxide of iron contained in it is obviously

insufficient for the production of so deep a tint.

It is insoluble in water, either hot or cold, or

in dilute sulphuric acid ; but strong nitric or

sulphuric acids decompose it, and are decom-
posed by it. Caustic ]K)tash is said to dissolve

It, though with difficulty, but as ammonia ig

evolved during the process, and die nature of

the pigment necessarily altered, it cannot be

considered a case of simple solution. By
destructive distillation it affords an empyreu-

matic oil, inflammable cases, and carbonate of

ammonia. It is, therefore, obviously an ani-

mal principle sui generis, its elements being

oxygen, hydrogen, carbon, and nitrogen. One
hundred yasts in a dry state leave, when
incinerated, 4.40 of acdx, consisting of chlo-

ride of calcium, carbonate of liiuc, |>liosj)liaUi
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of lime, and peroxide of iron. For these par-

ticulars I am indebted to Dr. Apjolin.

Of the iris.—^This is tlie circular partition or

creen interposed between the cornea and crys-

talline lens, filhng up the aperture in the ante-

rior part of the sphere of the choroid, and conse-

quently exactly fitted to the place of union of the

ciliary ligament and choroid with the sclerotic

round the cornea. It has an aperture in the

centre called the pupil, through which the central

portion of the pencil of rays incident upon the

cornea is transmitted, while the extreme rays

are intercepted ; and appears to answer the

same purpose as the diaphragm or eye-stop in

the telescope, but with this advantage, that it

is enlarged or diminished according to the

quantity of light, the distance of objects, or

even the will of the individual. The iris is

frequently called uvea, a term also applied to

the spherical choroid ; or the anterior part is

called iris, and the posterior uvea. To avoid

confusion the term should be discarded alto-

gether, and that of iris alone retained to

designate this important part of the organ.

The surface of the iris is flat or plane, al-

though it appears convex when seen through
the cornea, or when in dissecting the eye it

falls on the convex surface of the crystalline

lens. It is remarkable that the aperture or

pupil is not exactly in the centre of the disc,

but a little towards the inside. The anterior

surface presents a very peculiar and remarkable
appearance, evidently not depending on or

arising from vascular ramifications or nervous
distribution. This appearance is described

with precision and accuracy both by Zinn and
llaller, although unnoticed or only briefly al-

luded to in many of the slovenly compilations
which have appeared since they wrote. It is,

however, described by Meckel, who saw what
he describes, and read what he quotes. Haller's

words are as follow :—" In anteriori lamina
iridis eminet natura flocculenta, vane in flam-
mulas quasdam introrsum euntes disposita,

quibus aliqua est similitudo rotundorum ar-

cuum, ad centrum pupilla; convexorum. Qui-
vis flocculus est serpentinarum striarum intror-

sum convergentium, et intermistarum macu-
larum fuscarura congeries : conjuncti vero
flocculenti fasciculi arcum quasi serratum, emi-
nentem, ad aliquam a pupilla distantiam efti-

ciunt, qui convexus eminet, quasi antrorsum,
suprareliquum planum pupilla; elatus. Fabricas

pulchritudinem nulla icon expressit." (Ele-
menta Physiologia;, tom. v. p. 369.) Zinn's
description is equally accurate and precise.

In the 12th volume of the Medico-Chirurgical
Transactions I have noticed this structure in

the following words: " If the iris be attentively

examined in the living subject, or under water
after the cornea has been removed, a number
of irregularly shaped masses may be seen pro-

jecting from the middle sjjace between the

circumference and the pupil. From the con-
vexities of these masses, a number of elevated

lines, equally irregular in size and number,
proceed toward the jjupil, and attach them-
selves at the distance of about a twentieth

part of All inch from its margin, and Irom this

point of attachment a number of much smaller

stria converge to the edge of the central open-
ing. It is quite impossible for words to give

an adequate idea of this appearance. If I

ventured to compare it with any other with

which I am acquainted, I should say that it

resembled strongly the carnea cohwina and
cordce tendineie of the heart, both in form,

arrangement, and irregularity of conformation.

This structure is more strongly marked in the

hazel than in the blue iris ; and in many cases

the fleshy projections coalesce, by which they

appear less distinct ; but the loops or cords

which arise from them always exist, and often

project so much from the plane of the iris as

to admit of having a small probe or bristle

passed beneath them. That this appearance of

the iris does not depend on any particular

disposition of its vessels, is, I think, obvious,

from the thickness of these cords or striae being

so much greater than the vessels of the iris,

from their being arranged in a manner altogether

different from vascular inosculation, and finally,

because the iris when successfully injected and

expanded does not present that interlacement

of branches surrounding the pupil which has

so often been described from observation of its

uninjected state." The anterior surface of the

iris is of a light blue colour in persons of fair

skin and light hair, of a blue grey in others,

sometimes of a mixture of tints called a hazel

iris ; and in negroes and others, where the skin

is stained by the usual colouring matter, the

iris is of a deep brown, and is commonly
described as a black eye, being pervaded by
the black pigment throughout its texture, as

well as coated with it on its posterior surface.

In animals altogether destitute of the usual

colouring matter on the surface, called albinos,

the iris has no other colour than that of the

blood which circulates in its vessels. The
annexed engraving is a copy of a most accu-

rately executed representation of the face of

the iris, shewing the carnete columnee and

corda tendinete much magnified.

The posterior surface of the iris is as remark-

able as the anterior, but altogether different in

its iialure. I have nivcn the following des-

cri|)lion of It in the paper to which I allude in
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the Medico-Chirurgical Transactions. " In

order to obtain a correct view of the posterior

surface of the iris, a transverse vertical section

of the eye should be made at the distance of

about an eighth of an inch behind the cornea,

and the lens, and portion of vitreous humour
attached to it, removed : the iris now appears

covered by a thick layer of black pigment,

marked by a number of converging lines

;

these lines on close inspection are found to be
channels or hollows, as if resulting from a

puckering or folding of the membrane. The
pigment is secured from being detached, and
diffused in the aqueous humour, by a fine

transparent membrane, which is closely attached

to the margin of the pupil, from whence it is

continued over the back of the iris, and anterior

extremities of the ciliary processes, to the cir-

cumference of the lens, over the front of the

capsule of which it is also probably extended,

if it be, as may be supposed, the membrane of

the aqueous humour. This delicate membrane
may be turned down by the point of a needle

;

as it is connected to the iris by loose cellular

structure only, in the interstices of which the

black pigment is deposited. It is at first black,

but by gentle agitation in water the colouring

matter is removed, and tlie membrane remains

transparent. When the membrane and pig-

ment have been removed, the back of the iris

appears free from colour, and marked by a
number of delicate elevated folds, converging

from the ciliary processes to within a short

distance of the pupil ; they are [lermanent and
essential, and seem of the same nature as the

ciliary processes. The pupil is immediately

surrounded by a well-defined distinct circle,

about the twentieth part of an inch in diameter,

of a denser structure than the rest of the iris :

this is what has been long described as the

orbicular muscle, or constrictor of the pupil.

If the iris be treated, as I before mentioned, by
maceration and extension, this appearance still

preserves its integrity, and retains its original

character." Haller and Zinn describe these

converging radiating folds, but the former de-

nies tlie existence of the circular arrangement
round the margin of tlie pupil, of the presence

of which I do not entertain the slightest doubt,

but which is sometimes so slightly marked,
that I am not surprized to find its existence

doubted if the part has not been examined in

a variety of examples. This circle, or orbicular

muscle, is sometimes equally visible on the

anterior surface, but is generally obscured by
the converging cords above described. The
folds or elevations on the back of the iris, con-
verging toward the pupil, have been considered

the muscular agents for dilating the pupil, but
if examined in the eyes of the larger quadru-
peds, it is obvious that they are destined to give

this part of the organ the requisite degree of

ojiacity, and to afford an appropriate place for

the deposit of the black jiignicnt, in this res-

pect closely resembling the ciliary processes,

and the pecten in the eye of birds, so much
so, that I think they might be appropriately

called the ciliary processes of the iris.

Tlie iris is most plentifully supplied with

bloodvessels and nerves. The two long ciliary

arteries which penetrate the sclerotic posteri-

orly advance horizontally, about tlie middle

of the eyeball, between that membrane and the

choriod, to the iris, where each divides into two

branches, which proceed round the circumfer-

ence and inosculate with each other, thus form-

ing an arterial circle, from which numberless

branches converge to the pupil. Much impor-

tance has been attached by anatomists to the

manner in which these radiating vessels are

disposed, in consequence of the representation

of Iluysch, who exhibited them as forming a

series of inosculations at a short distance from

the pupil, since called the lesser circle of the

iris. I do not deny that the vessels of the ira

inosculate as in other parts of the body, but I

do not believe that they present this very re-

markable appearance, and I suspect that

Ruysch exaggerated what he had seen, or de-

scribed from an iris in which the injection had

been extravasated and entangled in the tendi-

nous cords, which I have described as extend-

ing from the fleshy bodies to the margin of the

pupil. The question is fortunately of no

importance. It is sufficient to know that the

organ is amply supplied with arterial blood.

The iris is plentifully furnished with

nerves : they are derived from the third and

fifth pairs, with communications from the sym-

pathetic, and consequently having connexions

with the sixth. They penetrate the sclerotic

posteriorly, and advance towards the iris be-

tween the sclerotic and choroid, about fifteen

or twenty in number: arrived at the ciliary

ligament, they divide at acute angles, and may
be traced through this structure until they are

finally lost in the iris, as seen in the annexed

figure.

Fig. 108.

From the foregoing description, it appears

that the iris is eminently distinguished for the

perfection of its organization ; and endowed as

it is with the power of enlarging or diminishing

the aperture in its centre, there can be little

doubt that it is a beautiful application of mus-

cular structure and function to the perfection

of this most elaborately constructed organ.

The authority of Haller operates to the pre-

sent day to throw a doubt upon the muscula-

rity of the iris ; but Haller, strange as it may
appear, was not correctly informed in many
particulars respecting this structure, lie de-

nies the existence of the orbicular muscle ; he

doubts the irritability of the organ, and he even
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considers it destitute of sensibility, and as-

sumes tliat the pupil is dilated after death.

Any anatomist may, however, demonstrate the

orbicular muscle ; any surgeon breaking up a

cataract, may elicit the irritability, and see the

pupil contract, as the fragments of the lens or

the side of the needle touch its margin. The
pain produced by pinching or cutting the iris

in ojierations for cataract and artificial pupil is

no longer matter of doubt, and the assumption
that the pupil dilates when deatli takes place

is disproved by daily observation. The pupil

contracts to exclude light when too abundant,
and dilates to admit it when deficient in quan-
tity ; the heart contracts to expel the blood,

and dilates to receive it ; tlie diaphragm con-

tracts to fill the lungs, and relaxes to assist in

emptying them. I can see no material differ-

ence between the phenomena exhibited by the

actions of the iris, and those displayed by the

muscular system generally. I believe that when
the pupil contracts to intercept light, that con-
traction is accomplished by the orbicular mus-
cle, which operates as any other sphincter

;

and that when the pupil is dilated to admit
light, the dilatation is accomplished by the con-
traction of the structure, which I have said re-

sembles the CitrneiB columrue and corda tendine^
in the heart.

During foetal life the aperture in the centre is

closed by a membrane, hence technically called

mtvibruna pupitlaris. The discovery of this

membrane was first announced by Wachendorf,
but was subsequently claimed by Albinus, and
still later by Ur. Hunter for a person of the

name of Sandys. It is usually described as

existing from the earliest period of foetal life to

the seventh month, when it disappears. In the

paper communicated by me to the Medico-
Chirurgical Society, I have endeavoured to

shew that this description is not correct, but that

this membrane continues to the ninth month.
The account there given is as follows :

" If the

eye be examined about the fifth month, the

membruna pupitlaris is found in great perfec-

tion, extended across a very large pupil ; the

vessels presenting that singular loojied arrange-

ment, (with a small irregular transparent por-
tion in the centre,) well depicted by Wrisberg,
Blumenbach, Albinus, Stlmmerring, Cloquet,
and others. About the sixth month it is equally

perfect; the pupil is however smaller, the iris

Deing more develojxjd. Subsequently to this

date the vesseis begin to diminish in size and
flumber, and a larger transparent portion occu-
pies the centre. At the ap])roacli of the eighth

month, a few vessels cross the pupil, or ramify
through the membrane at a short distance from
the margin, w ithout at all presenting the looped
appearance of the previous period, but ad-
mitting a free communication between the ves-

sels of the opposite side of the iris. Tlie pupil

is now still more diminished in size, and the

iris has assumed its characteristic coloured ap-

pearance ; notwithstanding the absence of ves-

sels, llie membrane still preserves its integrity,

though perfectly transparent. Tlie ])eriod now
appioaches when it is to disappear; this occur-
,renc€ takes place, according to my observations,

a short time previous or subsequent to birth.

In every instance where I have made the exa-

mination, I have found the membruna pupitlaris

existing in a greater or less degree of perfection

in the new-born infant; frequently perfect

without the smallest breach, sometimes pre-

senting ragged apertures in several places, and,

in other instances, nothing existing but a rem-
nant hangmg across the pupil like a cobweb.
I have even succeeded in injecting a single ves-

sel in the mcmbrana pupittaris of the ninth

month. Where I have examined it in subjects

who have lived for a week or fortnight after

birth, as proved by the umbilicus being healed,

1 have uniformly found a few shreds still re-

maining. It is obvious from the preceding

observations, that the membrane does not dis-

appear by a rent taking place in the centre,

and retraction of the vessels to the iris, as sup-

posed by Blumenbach, but that it at first loses

its vascularity, then becomes exceedingly thin

and delicate, and is finally absorbed. The de-

monstration of what I have advanced respect-

ing this delicate part is attended with much
difficulty, and requires great patience. The
display of the mernbranapupittaris of the seventh

month is comparatively easy ; but at the ninth

month, or subsequently, it can only be accom-
plished by particular management. The eye,

together with the appendages, should be care-

fully removed from the head ; it should then

be freed from all extraneous parts by the scis-

sors, under water, and a careful section made
at a short distance behind the cornea ; taking

care to include the vitreous humour in the divi-

sion, in order that the lens may remain in its

proper situation. The portion to be examined
should now be removed into a shallow vessel of

water, to the bottom of which a piece of wax
has been secured. The operator should be
provided with fine dissecting forceps and nee-

dles in light handles ; with one needle he
should pin the sclerotic down to the wax, and
with the other raise the lens, and portion of

vitreous humour attached to it, from the ciliary

processes, and separate the ciliary ligament

from the sclerotic. He may now expect to dis-

cover the membrana pupillaris, but its perfect

transparency renders it completely invisible;

he may, however, ascertiiin the existence, by
t;iking a minute particle of the retina and
dropping it into the centre of the pupil, where

it remains suspended if this membrane exist.

The prejaration should now be taken up in

a watch-glass, and placed in a weak mix-
ture of spirit and water, and a little pow-
dered alum raised on the point of a needle

dropped ujion it. After a day or two it may
be examined ; and if the membrane be ])re-

seiit, it has become sufficiently opa(jue to

be visible, and may now be susiieiided in a

bottle of very dilute spirit." In the annexed

engravings, A represents the membrana pu-
pillaris of about the fifth month, ])resent-

ing the peculiar looped arrangement of the

vessels. JB represents the memb.-ane about the

eighth month, not presenting the loojied ar-

rangement. C represents the membrane witli a

red vessel in its structure at the ninth month. D
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shews n few slircJs of the membrane remaining

a week or more after birth.

Fig. 109.

Fig. 110.

The pupil is closed by this membrane during

foetal life in order to preserve its dimensions,

and secure a correct growth of the iris while the

organ is in darkness. If the membrane disap-

peared about the seventh month, tlie pupil

should become dilated and remain so during

the two succeeding months, unless the muscu-
lar power be undeveloped, which is not proba-

ble, as it may be seen to operate shortly after

birth.

Of the retina. — This is the third spheri-

cally disposed membrane entering into the

structure of the eye, and may be considered

the most essential of all, being that which

is endowed with the peculiar description of
sensibility which renders the individual con-

scious of the presence of light. It is as

exactly fitted to the inside of the choroid as

that membrane is to tlie sclerotic, but does

not extend to the anterior margin of the choroid

as that structure extends to the anterior margin
of the sclerotic. Tlie retina is destined to be
penetrated by the rays of light, which, reflected

from surrounding objects, are collected to form

images on the bottom of the eye, consequently

its extension as far forward as the choroid or

sclerotic is unnecessary, and nature makes no-

thing superfluous. It is discontinued at the

posterior extremities of the ciliary processes of

the choroid, at the distance of alx)ut an eighth

of an inch from the anterior margin of that

membrane.
The retina is evidently the optic nerve ex-

panded in the bottom of the eye in the form of

a segment of a sphere. That nerve differs, in

some respects, in construction from the other

nerves of the body. In its course from the

hole in the bone through which it enters the

orbit until it enters the eye, it is of a cylindrical

form, and proceeds in a waving Ime to its desti-

nation. The medullary fibres are involved in a
toiish strong material, not separable into cords

or bundles as in other nerves, but constituting

a cylinder of collected tubes, from the divided

extremity of which the medullary matter may be

squeezed in as soft and pulpy a form as it exists

in the brain. It is not easy to dclermine by
anatomical investigation, whether the me<lullary

material is disposed in tubes or in a cellular

structure, but as that material is universally

disposed in a fibrous form, both in brain and
nerve, it is more than probable that it is so ar-

ranged here. These cerebral fibres involved

thus in a cylindrical bundle of tubes, techni-

cally called neurilema by modern anatomists,

is covered externally by a fine transparent

membrane, adhering to it so closely that it re-

quires some care to separate it; and this is

again covered by a tube of strong fibrous mem-
brane, the sheath of the optic nerve continued
from the dura maler to the sclerotic, to which
membrane it adheres so firmly, that it cannot
be separated except by the knife. Formerly
the sclerotic was considered to be a continuation

of the dura maler, and much im]X)rtance, in a
pathological point of view, was attached to the
circumstance, but although both structures are

of the fibrous class, the sclerotic is very diflferent

in texture, and the adhesion between them is

not more remarkable than any other of the

numerous adhesions which occur between fi-

brous membranes.
Where the optic nerve enters the eye, it is

contracted in diameter, as if a string had been
tied round it, and then passes through a hole
in the sclerotic, to which it adheres. When
seen from the iaside, after removing tlie retina

and choroid, it appears in the form of a circu-

lar spot, perforated with small holes, from
which the medullary material may be expressed.

This is the lamina cribroia of Albinus, consi-

dered to be a part of the sclerotic, but which is

really nothing more than the terminating ex-
tremity of the nerve.

The optic nerve does not enter the eye in the
centre of the globe, but about an eighth of an
inch to the side of it, assuming the centre to

correspond to the extremity of a line passing
from the middle of the cornea, through the
centre of the eyeball to its back. The nerve
is generally described and represented as pro-
jecting in the form of a round prominence, as
it enters the eye ; but this is not, I believe, the
state of the part duiing life, but is produced
by the contraction of tlie neurilema pressing
out the medullary matter in this form. As
the nerve enters the eye, it immediately expands
into and constitutes the retina, tlie medullary
fibres separating and spreading out on the sphe-
rical vitreous humour. The expansion of the

nerve in separate fibres cannot be distinctly

seen in the human eye, but may be recognized

with some care in the eye of the ox, and with-

out difficulty in that of the hare and rabbit,

where it divides into two bundles, as has been
well described by Ziun in the Gijttingen Com-
mentaries.

The retina does not consist of medullary or

cerebral fibrous matter alone. As the brain

has its pia muter and arachnoid membrane,
and the nerve its neurilema, this nen'ous struc-

ture has its appropriate provision for its sup-

port and the distribution of its vessels. This
IS the vascular layer, first accurately described

by Albinus. It is a delicate trans|>arent mem-
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brane, of such strength, that when detached, it

may be moved about in water, and freely ex-

amined without breaking. It adheres so firmly

to the hyaloid membrane of the vitreous hu-

mour in the fresh eye, that it cannot be sepa-

rated entire, and the medullary fibres adhere

so closely to its external surface, that they can-

not be detached at all in the form of a distinct

membrane. To demonstrate the vascular layer,

the sclerotic should be carefully removed, leav-

ing a portion of the optic nerve freed from its

sheath ; the choroid should then also be re-

moved under water, by tearing it asunder with

a pair of forceps in each hand. The vitreous

humour, covered by the retina only, should

then be allowed to remain about two days in

the water, at the end of which time the me-

dullary layer softens and separates into flakes,

which may be scraped from the vascular layer

beneath by passing the edge of a knife gently

over it, after which the vascular layer may be

detached by careful management, and sus-

pended in a bottle from the optic nerve.

The retina is supplied with blood from the

ophthalmic artery, a small branch of which

penetrates the optic nerve at a short distance

from the back of the eye, and proceeds through

its centre until it arrives at the retina. The
hole in the centre of the nerve, through which

it passes, was formerly called the pcirits opticus.

Arrived at the retina, the vessel, under the

name of the central artery of the retina, divides

into two branches, which surround iheforamen
of Sommerring, and sending ramifications in

every direction, terminate by encircling the an-

terior margin. Besides the branches which
carry red blood, the centra! artery probably

furnishes a transparent branch to the centre of

the vitreous humour, as such a branch running

on to the back of the crystalline lens, may be
injected in the eye of the fcetus, and a transpa-

rent production from the central artery into the

vitreous humour may be observed in the eyes

of oxen and other large animals. The arteries

of the retina supply the vitreous, humour with

blood, as no other source exists, except from
the ciliary processes of the choroid, which,

being buried in the hyaloid membrane, most
probably furnish vessels to the anterior part,

and in dissecting the vascular layer above de-

scribed, in which the vessels ramify, it is found

to adhere to the hyaloid membrane by points

along the course of the vessels, which points, it

is reasonable to believe, are small branches.

As the medullary or cerebral fibres of the

retina are sustained on the inside by the vascu-

lar layer above described, they are also protected

on the outside by another membrane, which

separates them from the inner surface of the

choroid. This is the membrane which I des-

cribed in a communication in the Philosophical

Transactions in 1819, and as I cannot give a

more intelligible account of it than that there

contained, 1 venture to introduce it here.

" Anatomists describe the retina as consisting

of two portions, the medullary expansion of

the nerve, and a membranous or vascular layer.

The former externally, next to the choroid coat,

and the latter internally, next to the vitreous

humour. All, however, except Albinus and
some of his disciples, agree, that the nervous

layer cannot be separated so as to present the

appearance of a distinct membrane, though it

may be scraped otf, leaving the vascular layer

perfect. That the medullary expansion of the

optic nerve is supported by a vascular layer,

does not, I think, admit of doubt ; but it does

not appear that Albinus was right in supposing

that the nervous layer can be separated in form

of a distinct membrane, though shreds of a

considerable size may be detached, especially if

hardened by acid or spirit.

" Exclusive of these two layers, I find that

the retina is covered on its external surface by
a delicate transparent membrane, united to it

by cellular substance and vessels. This struc-

ture, not hitherto noticed by anatomists, I first

observed in the spring of the last year, and

have since so frequently demonstrated, as to

leave no doubt on my mind of its existence as

a distinct and perfect membrane, apparently of

the same nature as that which lines serous cavi-

ties. I cannot describe it better, than by detailing

the method to be adopted for examining and dis-

playing it. Having procured a human eye,

within forty-eight hours after death, a thread

should be passed through the layers of the cor-

nea, by which the eye may be secured under

water, by attaching it to a piece of wax, previ-

ously fastened to the bottom of the vessel, the

posterior half of the sclerotic having been first

removed. With a pair of dissecting forceps

in each hand, the choroid coat should be gently

torn open and turned down. If the exjwsed

surface be now carefully examined, an ex-

perienced eye may perceive, that this is not

the appearance usually presented by the retina ;

instead of the blue-white reticulated surface of

that membrane, a uniform villous structure,

more or less tinged by the black pigment, pre-

sents itself. If the extremity of the ivory

handle of a dissecting knife be pushed against

this surface, a breach is made in it, and a mem-
brane of great delicacy may be separated and

turned down in folds over the choroid coat,

presenting the most beautiful specimen of a

delicate tissue which the human body affords.

If a small opening be made in the membrane,

and the blunt end of a probe introduced be-

neath, it may be separated throughout, without

being turned down, remaining loose over the

retina ; in which state if a small particle of paper

or globule of air be introduced under it, it is

raised so as to be seen against the light, and is

thus displayed to great advantage ; or it is

sometimes so strong as to support small glo-

bules of quicksilver dropped between it and

the retina, which renders its membranous na-

ture still more evident. If a few drops of acid

be added to the water after the membrane has

been separated, it becomes opaque and much
firmer, and may thus be preserved for several

days, even without being immersed in spirit.

" That it is not the nervous layer which I de-

tach, is proved by the most superficial exa-

mination ; first, because it is impossible to

separate that part of the retina, so as to present

the appearance I mention ; and, secondly, be-
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cause I leave tlia retina uninjurecl, and present-

ing the a[)i)earaiice described by anatomists,

especially the yellow spot of Soemmerring,

which IS never seen to advantage until this

raenihraiie be removed : and hence it is that

conformation, as well as the fibrous structure

of the retina in some animals, become better

marked from remaining some time in water,

by which the membrane I speak of is de-

tached.
" The extent and connections of this mem-

brane are sufficiently expliiined by saying, that

it covers the retina from the optic nerve to the

ciliary processes. To enter into farther inves-

tigation on this subject would lead to a dis-

cussion respecting the structure of the optic

nerve, and the termination of the retina an-

teriorly, to which it is my intention to return at

a future period.
" The appearance of this part I find to vary

in the diflerent classes of animals and in man,

according to age and other circumstances. In

the foetus of nine months it is exceedingly de-

licate, and with difficulty displayed. In youth

it is transparent, and scarcely tinged by the

black pigment. In the adult it is firmer, and
more deeply stained by the pigment, which
sometimes adiieres to it so closely as to colour

it almost as deeply as the choroid coat itself;

and to those who have seen it in this state, it

must appear extraordinary that it should not have

been before observed. In one subject, aged

fifly. It possessed so great a degree of strength

as to allow me to pass a probe under it, and
thus convey the vitreous humour covered by it

and the retina from one side of the basm to the

other ; and in a younger subject I have seen it

partially separated from ihe retina by an effused

fluid. In the sheep, ox, horse, or any other

individual of the class mammalia which I have

had an opportunity of examining, it presents

the same character as in man ; but is not so

much tinged by the black pigment, adheres

more firmly to the retina, is more uniform in its

structure, and presents a more elegant appear-

ance when turned down over the black clioroid

coat. In tliebird it presents a rich yellow brown
tint, and when raised, the blue retina presents it-

selfbeneath ; in animals of this class, however, it

is difficult to separate it to any extent, though I

can detach it in small portions. In fishes, the struc-

ture of this membrane is peculiar and curious.

It has been already described as the medullary
layer of the retina by Ilaller and Cuvier, but

I think incorrectly, as it does not present any
of the characters of nervous structure, and the

retina is found perfect beneath it. If the scle-

rotic coat be removed behind, with the choroid

coat and gland so called, the black pigment is

found resting upon, and attached to, a soft

friable thick Hcecy structure, which can only

be detached in small portions, as it breaks

when turned down in large quantity. Or if the

cornea and iris be removed anteriorly, and the

vitreous humour and lens withdrawn, the retina

may be pulled from tlie niembr.me, which re-

mains attached to the choroid coal, its inner

iturface not tinged by the black pigment, but

presenting a clear white, not unaptly compared
by Ilaller to snow.

" Besides being connected to the retina, I find

that the membrane is also attached to the cho-

roid coat, apparently by fine cellular substance

and vessels ; but its connection with tlie retina

being stronger, it generally remains attached

to that membrane, though small portions are

sometimes pulled off with the clioroid coat.

From this fact I think it follows, that the

accounts hitherto given of the anatomy of these

parts are incorrect. The best anatomists de-

scribe the external surface of the retina as

being merely in contact witli the choroid coat,

as the internal with the vitreous humour, but

both totally unconnected by cellular mem-
brane, or vessels, and even having a fluid

secreted between them : some indeed speak

loosely and generally of vessels passing from

the choroid to the retina, but obviously not

from actual observation, as I believe no one

has ever seen vessels passing from the one

membrane to the other. My observations lead

me to conclude, that wherever the different

parts of the eye are in contact, tliey are con-

nected to each other by cellular substance,

and, consequently, by vessels ; for I consider

the failure of injections no proof of the want
of vascularity in transparent and delicate parts,

though some anatomists lay it down as a cri-

terion. Undoubtedly the connection between

these parts is exceedingly delicate, and, hence,

is destroyed by the common method of ex-

amining this organ ; but I think it is proved

in the following way. I have before me the

eye of a sheep killed this day, the cornea

secured to a piece of wax fastened under water,

and the posterior half of the sclerotic coat

carefully removed. I thrust the point of the

blade of a pair of sharp scissors through the

choroid coat into the vitreous humour, to the

depth of about an eighth of an inch, and
divide all, so as to insulate a square portion

of each membrane, leaving the edges free, and
consequently no connection except by surface

;

yet the choroid does not recede from the mem-
brane I describe, the membrane from the

retina, nor the retina from the vitreous humour.
I take the end of the portion of choroid in the

forceps, turn it half down, and pass a pin

through the edge, the weight of which is in-

sufficient to pull it from its connection. I se-

parate the membrane in like manner, but the

retina I can scarcely detach from llie vitreous

humour, so strong is the connection. The
same fiict may be ascertained by making a

transverse vertical section of the eye, removing

the vitreous humour from the posterior seg-

ment, and taking the retina in the forceps,

pulling it gently from the choroid, when it will

appear beyond a doubt that there is a connec-

tion between them.
" Ijit us contrast this account of the matter

with the common one. The retina, a mem-
brane of such delicacy, is described as being

extended between the vitreous humour and

choroid, from the optic nerve to the ciliary

processes, being merely laid between tliem,
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without any connection, and the medullary
fibres in contact witli a coloured mucus re-

tained in its situation by its consistence alone.

Tliis account is totally at variance with the

general laws of the animal economy ; in no
instance have we parts, so dissimilar in nature,

in actual contact: wherever contact without

connection exists, each surface is covered by a

membrane, from which a fluid is secreted

;

and wherever parts are united, it is by the

medium of cellular membrane, of which se-

rous membrane may be considered as a mo-
dification. If tlie retina be merely in contact

with the vitreous humour and choroid, we
argue from analogy, that a cavity lined by
serous membrane exists both on its internal

and external surface : but this is not the feet.

In the eye a distinction of parts was necessary,

but to accomplish this a serous membrane was
not required ; it is only demanded where great

precision in the motion of paits was indis-

pensable, as in the head, thorax, and abdo-

men; a single membrane, with the interpo-

sition of cellular substance, answers the pur-

pose here. By this explanation we surmount
another difficulty, the unphilosophical idea

of the colouring matter being laid on the

choroid, and retained in its situation by its

viscidity, is discarded ; as it follows, if this

account be correct, that it is secreted into the

interstices of fine cellular membrane here,

as it is upon the ciliary processes, back of the

iris, and pecten, under the conjunctiva, round
the cornea, and in the edge of the membrana
nictitans and sheath of the optic nerve in many
animals. Dissections are recorded where
fluids have been found collected between the

choroid and retina, by which the structure of
the latter membrane was destroyed ; the ex-

planation here given is as sufficient to account
for the existence of this fluid, as that which
attributes it to the increased secretion of a

serous membrane."
The membrane is represented as it exists in

the eye of the sheep, in the annexed figure,

from my paper in the Medico-Chirurgical
Transactions.

Fig.in.

Mr. Dalrymple, in his valuable work on the

anatomy of the eye, takes a different view of

tlie arrangement of this part of the retina

:

he says :—" From observations made on the

human eye, in connection with other expe-
riments on the eyes of animal, I am induced
to consider it as a double reflected serous mem-
brane. I was first led to take up this opinion
in the year 1827, by the accidental obsei-vation

of a very delicate membrane, which lined and
was adherent to the entire choroid. Having
minutely injected the eye of a shee]), I made
a vertical transverse section through the sclero-

tic, choroid, and retina, wliich last membrane,
with Jacob's tunic, properly so called, and the

vitreous body 1 removed. I then placed the

remaining portion of the eye in dilute spirits,

of wine, intending to preserve it for the ex-
hibition of the tapetum, which in this instance
was remarkably beautiful. A few minutes
after its immersion the tapetum lost to a con-
siderable extent its brilliant hue, and I re-

moved it from the glass to wash from its sur-

face some deposit, which I thought might
have obscured its polish. In doini; this, how-
ever, I detached a delicate membrane, mi-
nutely filled with injection, and this membrane
it was which on being placed in the spirit,

became slightly opaque and produced the effect

alluded to ; for the tapetum thus denuded in-

stantly recovered, and still retains its bril-

liancy."

The inference that the membrane in ques-
tion is a double reflected serous membrane is

certainly more in conformity with analogy than
the assumption that it is a snigle layer, but this

uniformity in nature's operations has been too

much insisted upon. I have above stated ray

reasons for considering it a single layer, and
not a double serous membrane ; and I should be
inclined to think that the layer which Mr. Dal-
rymple found adhering to the choroid was the

membrane itself, which had not come away
with the retina and vitreous humour, as 1 have
found sometimes to happen, did not Mr. Dal-
rymple further state that he has " in his pos-

session a preparation, which does most dis-

tinctly shew the double portions of this mem-
brane ; one lining the choroid, the other

reflected over the pulpy structure of the retina."

Mr. Jones, in the work formerly alluded to,

gives the annexed representation of the mem-
brane as it appears when Fie.\\.2.
highly magnified. Fig. 113
is a representation of the

membrane by Mr. Bauer,

magnified fifty diameters, from

the Philosophical Transactions

for 1822.

In the centre of the retina, and consequently

in the axis of vision, about an eighth of an
inch from the entrance of the optic nerve, a
very remarkable condition of structure exists.

This is a small point destitute of cerebral or

medullary fibres, appearing like a hole in the

membrane, and hence called the J'orumcn of
SiJinmerring, from the distinguished anatomist

who discovered it. This point is surrounded
by a yellow margin, and the retina is here also

.puckered into a peculiar form of fold. Som-
merring, in tlie Commentationes Societatis
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Fig. 113.

K- 4^>>^

Regise Gottingenses, gives the following

account of the discovery. " On the 27th of

January, 1791, while I examined the eyes of a

very fine and healthy young man, a few hours

previously drowned in the Rhine, being per-

fectly fresh, transparent, and full, and sup-

ported in an appropriate fluid, with the in-

tention of exhibiting a perfect specimen of the

retina to my pupils in the anatomical theatre,

I so clearly detected in the posterior part of

the retina, which was expanded without a

single fold, on account of the perfect state

of the eye, a round yellow spot, that I

was convinced it was a natural appearance,

and not a colour produced by any method of

prciiaration. In examining this spot more
accurately, I perceived in its centre a little

hole occupying the situation of the true centre

of the retina. With the same care 1 examined
the other eye and found it exactly similar.

I then communicated the discovery to my
pupils in the public demonstrations." " In this

precise s|)Ot, or in the very centre of the re-

tina, is found an actual deficiency of the me-
dullaiy layer, or a real hole perfectly round,

with a defined margin a fourth of a line in

diameter." " The transparent vitreous humour
and black pigment are so clearly seen through

this hole, that tlicre can be no doubt that
it is a real aperture, which being situated

in the centre of the retina may be appro-
priately termed the I'uramen centrale. Sur-
rounding this /bramcn centrale the remark-
able yellow colour resembling that of gum
gutter is so dis)x>sed that it appears much
aeei)er toward the margin, and totally dis-

apiiears at a distance of a line. This
colour varies much according to the age of
the individual, being very faint in infants,

much deeper at puberty, on account of the

thickness and whiteness of the retina at

that period, appearing of a deep yellow
brownish or crocus colour. In more ad-
vanced age the colour is less intense, prin-

cipally on account of the diminished
whiteness of the retina, which also appears
extenuated at that period. Even the

choroid, where it corresponds to this fora-

men, sometimes appears a little deeper-
coloured."

In the paper above alluded to, published

in tlie Medico-Chirui^cal Transactions, I

have given the result of some careful in-

quiries into the structure of this part, from
which the following observations are ex-

tracted. " Sommerring describes it as a
hole in the retina with a yellow margin,

mentioning as accidental a fold which
occupies the situation of this hole and
tends to conceal it, and thus accounting

for its remaining so long unnoticed. This
appearance is so constant and remarkable,

that its existence may be very rationally

considered essential to correct vision, and
it therefore becomes an interesting object

of speculation. The circumstances which
it seems important to ascertain, are, whe-
ther it is actually a hole in the retina with

a yellow margin ; whether, in addition

to this hole, the retina is folded or puckered in at

this part ; or whether the appearance of a hole

arises from a deficiency of the medullary layer of
the retina without any orifice in its vascular layer.

Both Sommerring himselfand many others seem
to consider that the fold is accidental and the

consequences of changes occurring after death.

It is here necessary to call to mind what those

changes are with respect to the retina. If the

eye had become flaccid previous to dissection,

the retina on being exposed presents an irre-

gular surface, arising from a number of folds

diverging from the optic nerve as from a centre,

and evidently produced by the loss of support

from the partial evaporation of tlie fluid of the

vitreous humour. These folds, however, never

observe any regular form, or preserve precise

situations, and may be obliterated by changing

the position of the eye in the water. They

disappear altogether after the part has remained

some time in water, in consequence of the

vitreous humour becoming again distended

from imbibing the fluid m which it is im-

mersed. It however requires no very great

care or experience to distinguish between those

accidental folds and the peculiar one in ques-

tion. If the examination be made from with-

out, removing the sclerotic and choroid behind,
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the retina appears to be forced or drawn at this

point into the vitreous humour to the de])th

of about a twelfth of an inch, the entire fold

being something more than an eighlli in length.

At hrst there is httle or no appearance of a

hole, but after the eye has remained for some
time in the water, the fold begins to give way,

and a small slit makes its appearance, which

gradually widens, and assumes the appearance

of a round hole. This hole is large in pro-

portion to the degree to which the fold has

yielded ; and when the fold totally disappears,

as It sometimes does, the transparent point

gives the appearance which Siinimerring re-

presents, of a hole with a yellow margin. If,

instead of making the examination in this way
from the outside, we view this part through

the vitreous humour, the appearance of the

hole is more remarkable; but still that part of

the retina is evidently projected forward be-

yond the level of the rest of that membrane.
In the eye of a young man, which I had an
opportunity of examining under peculiarly

favourable circumstances, within five hours

after death, I noticed the following appear-

ances. The cornea and iris having been cut

away, and the lens removed from its situation,

I placed the part in water, beneath one of the

globular glasses, and held it so as to allow the

strong light of a mid-day sun to fall directly

upon it ; when the retina to the outside of the

optic nerve presented unequivocally the ap-

pearance of being drawn or folded into the

form of a cross or star, with a dark speck in

the centre, surrounded by a pale yellow areola.

I fiirther satisfied myself of the prominence
of the fold by holding a needle opposite to it,

while the light shone full upon it, a shadow
being thus cast upon the retina which deviated

from the straight line when passed over the

situation of the fold. To ascertain whether
there is actually a hole in the retina, or merely

a deficiency of nervous matter at this point,

1 allowed the eye to remain for some days in

water, until the connexions of the parts began
to give way. I then introduced a small probe
between the retina and vitreous humour, the

part stdl remaining in water, and bringing the

blunt point of the instrument opposite the

transparent s|X)t, attempted to pass it through,
but found I could not do so without force

sufficient to tear the membrane. I also re-

moved the nervous matter by maceration and
agitation in water, and on floating the vascular

layer, found that I could no longer ascertain

where the spot had originally existed, there

being no hole in the situation previously occu-

pied by the transparent speck.

It is remarkable that the/oraHicn of Siimmer-
ring has not been found in the eyes of any of

the mummulia except those of the quadrumuna,
in some ofwhom it has been detected by Home,
Cuvier, and others, but the extent to which it

may be traced in tiiis tribe has not been satis-

factorily ascertained. Dr. Knox, in a paper in

the Memoirs of the Wernerian Natural History

Society, announces the discovery of its existence

in certain lizards. In the tucertu superciliosa he
says, " the retina is very thick, and somewhat

firm and opaque. Where the optic nerve enters

the interior of the eye-hall, there is a distinct

nidrsupium or black circular body, proceeding

forwards apiiarently through the centre of the

vitreous humour. Anteriorly, somewhat supe-
riorly and towards the mesial hne or plane, we
perceive, on looking over the surface of the

retina which regards the vitreous humour, a
comparatively large transparent, nearly circular

spot, through which may be distinguished the

dark-coloured choroid. Close to this is gene-

rally placed a fold or reduplication of the retina,

which is in general remarkably distinct. This
fold or folds, (for there are more than one)

either proceed from the transparent point

towards the insertion of the optic nerve, or

close to it. Sometimes the fold seems, as it

were, to lie over the transparent point, and
partly to conceal it from view ; or the point is

formed in the edge of the fold itself, as in apes,

but in general the fold runs directly from
the insertion of the optic nerve upwards and
inwards, pressing very close to the edge of the

foramen centrale." The foramen was also

seen in the lacerta striata, lucerta culotes, and
others, while it was not to be detected in the

gecko, crocodile, and some others. It was also

subsequently discovered in the chameleon.

The annexed figures represent the foramen of

Siimmerring in the human eye. A, shews the

retina expanded over the vitreous humour : on
the right is the place from which the optic

nerve was cut away, and from which the ves-

sels branch out : on the left is \\\eforamen of

Siimmerring, represented by a black dot sur-

rounded by a dark shade. B, shews the retina

with a portion of the optic nerve. The exter-

nal membrane is turned down as in the pre-

ceding representation of the same structure in

the sheep's eye, and ihe foramen of Sdmmei-
ring, instead of a distinct hole, presents the

appearance of a fold or depression with elevated

sides. The wood-engraving does not admit of

the delicacy of finish necessary to express per-

fectly this condition of the part.

Fig. 114.

Tliere is no part of the anatomy of the eye

respecting which there has been so much diver-

sity of opinion as the anterior termination of

the retina. It has already been stated that it

extends to the posterior extremities of the

ciliary processes, where it is discontinued, pre-

senting an undulating edge corresponding to

the indented margin of this part of the corpus

ciliare. Some assert that it extends to the mar-
gin of the lens, others that it is the vascular
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layer only which extends no (ar, and others tliat

tlie viLscular layer extends over the lens. No
one however at j)resent, who describes from
observation, denies the termination of the ner-

vous layer at the posterior margin of the ciliary

body, although many insist upon the extension

of the vascular layer to the circumference of the

lens. The subject has received more attention

than it deserves, as it involves no consideration

of importance, either physiological or anato-

mical ; but 1 am convinced from a very care-

ful scrutiny that no such layer extends between
the ciliary processes of the choroid and tliose of

the hyaloid membrane ; these two parts being

mutually inserted into each other, as will pre-

sently be explained. In the paper above
quoted in tlie Medico-Chirurgical Transactions

I have explained what ap[)ears to me to be the

arrangement of this part in the following words :

" On removing the choroid, ciliary processes,

and iris, we see the retina terminating with a
dctined dentated margin, about a quarter of an
inch from the circumference of tlie lens : be-

tween this line of termination and the lens, the

vitreous humour retains upon its surface part

of the black pigment which covered the .ciliary

processes. If the eye be examined shortly

after death, removing the black pigment from

this part of the vitreous humour with a camel-

hair pencil, there is an appearance of, at least,

the vascular layer being continued to the lens;

this part not being so transparent as the rest of

the hyaloid membrane, or soopaque as the retina.

From sucli an examination I was led to con-

clude that the vascular layer was continued to

the margin of the lens, this part not being

so transparent as the rest of the hyaloid

membrane, or so opaque as the retina. From
such an examination I was led to conclude

that the vascular layer was continued to the

margin of the lens, but I adopted a con-

trary opinion after I had witnessed the change

which took place when the part had remained
twenty-four hours in water : the retina tlien

separating with a slight force, and frequently

detached by the disturbance given in making
the examination. If, after removing the choroid

without disturbing the retina, the part be al-

lowed to remain in water for some days, the

medullary jiart of the retina begins to give

way, and may be altogether detached by agita-

tion in water, leaving the vascular layer firmly

attached at the line of termination just de-

scribed. With all the care I could biestow, I

have, however, never succeeded in separating

this layer from the vitreous humour further. If

the maceration be continued for a few days
longer, the vascular layer of the retina gives

way, the lai-ger vessels alone remaining attached

at tlie original line of termination of the retina,

and appearing to enter the hyaloid membrane
at this part ; the appearance which at first so

much resembled tiie vascular layer proceeding
towards the lens remaining unchanged, being
in fact part of the vitreous humour itself. The
circumstance which has most strengthened the

notion of the retina being continued forward to

the lens is, that often on raising the choroid and
ciliary processes from the vitreous humour, we

find thos« processes covered in levernl places
by a fine semi-tmn.s|Kirent membrane insinuated
between the folds ; this is suiiiHi-tcd to be the
vascular layer of the retina, but is really the
corresponding part of the hyaloid membrane
which is torn up, being firmly united to this

part of tlie choroid."

After this article had been prepared for

press, I received an admirable monograph ufion
the retina by B. C. 11. Langenbeck, son of the
celebrated professor of that name in the Uni-
versity of Gottingen, in which the nature,

structure, and relations of this most important
and interesting part of the organ are subjected

to a critical and elaborate inquiry. He advo-
cates the membranous nature of the black pig-

ment on the inner surface of the choroid, and
gives an engraving of its organization as ascer-

tained by the microscope, resembling that given
from the essay of Mr. Jones in the preceding
pages, lie devotes several pages to the de-
scription of the membrane which I found
covering the medullary layer of the retina, and
adds the testimony of a skilful anatomist in

support of my description, sufficient to coun-
terbalance the convenient scepticism of certain

writers better skilled in making plausible books
than difficult dissections. The fibrous struc-

ture of the medullary layer of the retina is

established, and a plate given of the peculiar

nodulated condition of these fibres. The work
concludes with an account of the morbid
changes of structure observed in the retina, a
subject which, notwithstanding its manfest
importance, has not hitherto attracted the atten-

tion which it deserves. I am indebted to Dr.
Graves for the following abstract of some
recent investigations of Treviranus on the same
subject. " From microscopical examinations
Treviranus demonstrates that the cerebral mass,
both medullary and cortical, consists of hollow
cylinders containing a soft matter. These
cylinders, extremely minute in the cortical

substance, are somewhat larger in the medul-
lary, and still larger in the nerves. In the

retina he finds, that after the optic nerve has
penetrated the sclerotic and choroid, its cylin-

ders or nervous tubes spread themselves out
on every side either singly or collected into

bundles, each cylinder or collection of tubes

bending inwards through the vascular layer,

and terminating in the form of a papilla on
the vitreous humour."

Of the vilreoui humour.—It has already

been stated that the globe of tlie eye is

divided into two chambers by the iris, the

posterior of which is distended by a spherical

transparent mass called the vitreous humour,
which does not completely fill this chamber
between the back of the iris and the hollow

sphere of the retina, but is discontinued or

compressed at a short distance fi\)m the back

of the iris, having a naiTOw space between

it and that membrane, called the [wslerior

chamber of the aqueous humour. This trans-

parent mass Is composed of water containing

certain saline and animal ingredients, deposited

in exquisitely delicate and perfectly transparent

cellular membrane ; hence it is capable of sus-
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laining its own weight and preserving its form
when placed in water, and in air presents the

appearance of a gelatinous mass, scarcely de-
serving the name of solid. The cellular struc-

ture, in which the watery fluid is lodged, has

been called the hyaloid membrane, and the

whole mass denominated the vitreous humour.
The fluid of the vitreous humour, according
to Berzelius, is composed of water, containing
about one and a half per cent, of animal and
saline ingredients ; it has a saline taste, and
acquires a slight opaline tint by being boiled. It

consists of water 98.40, chloruret of soda with
a little extractive matter 1.42, a substance solu-

ble in water 0.02, and albumen 0.16. Its

specific gravity is 1.059. When the hyaloid

membrane is examined in its natural state, its

cellular organization can scarcely be ascertained

on account of its transparency ; but if it be
suspended on the point of a pin until the fluid

is allowed to drop out, it may be inflated with
a fine blowpipe and dried, or if the whole be
placed in strong spirit or weak acid, the mem-
brane becomes opaque, and its organization

obvious. It has been supposed that the cells

in which the fluid is lodged present a determi-
nate form, and attempts have been made to

prove this by freezing the eye and examining
the frozen fragments; but any one who has
seen the hyaloid membrane rendered opaque
by acid must allow that the cells are too minute
to admit of such investigation, and that the

frozen masses, supposed to be the contents of
cells, are merely fragments of the hyaloid

membrane with their contained fluid. Although
the hyaloid membrane is perfectly transparent,

and the red particles of the blood do not circu-

late in its vessels, there can be little doubt
that its growth and nutrition are effected by
the circulation of a transparent fluid in vessels

continuous with those conveying red blood.

It is an established fact that transparent tex-

tures which in a natural state do not exhibit

a trace of coloured fluid, when excited or

inflamed, become filled with red vessels, as

may be seen in the conjunctiva. It is there-

fore reasonable to admit that the hyaloid mem-
brane does not present a deviation from this

general law. The fluid of the vitieous humour,
it is to be presumed from analogy, is secreted

by the vessels of the hyaloid membrane, and
if no red vessels can be detected, the secretion

must be accomplished by transparent ones. It

has already been stated that the vascular layer

of the retina adheres to the surface of the

vitreous humour, and that the points of adhe-
sion are stronger along the course of the vessels

than in the intermediate spaces ; it is therefore

most probable that the more superficial part of
the sphere is supplied with transparent blood
fix)m the arteries of the retina, while a branch
directly from the central artery, as it penetrates

the poms opticus, enters behind, and extends

to the back of the lens : such a branch can be
injected in the foetus, and is found to ramify

on the back of the capsule of the lens ; and in

the eyes of large quadrupeds a transparent

production, probably vascular, has been ob-
served proceeding from the entrance of the

optic nerve into the mass of the vitreous

humour. It is also probable that the ciliary

processes of the choroid, which are buried in

the hyaloid membrane anteriorly, supply blood

to that part of the sphere. That the vitreous

humour undergoes changes analogous to those

which take place in textures supplied with red

blood, is proved by its hyaloid membrane
being found opaque and thickened in eyes

which have been destroyed by internal inflam-

mation. A total disorganization of the vitreous

humour is a frequent occurrence, the hyaloid

membrane losing its cohesion to such a degree

that the fluid escapes from the eye as freely as

the aqueous humour when the cornea is divided

in the operation of extraction ; and after the

lens and its capsule have been removed by
operations with the needle, opacity of the

hyaloid membrane is occasionally, although
rarely, observed. Allusion has frequently been
made in books to an appearance in the

eye denominated glaucoma, attributed, rather

vaguely, to opacity of the vitreous humour; it

appears, however, to be nothing more than the

usual opacity of the lens which occurs in

advanced life, seen through a dilated pupil.

As an additional proof of the vascidarity of
the vitreous humour may be adduced the fact,

that in the eyes of sheep, injured by blows in

driving to the shambles, the vitreous humour
is deeply tinged with red blood.

The spherical mass of vitreous humour, it

has already been stated, is exactly fitted into

and adheres to the inner surface of the retina.

From the anterior termination of the retina to

the posterior chamber of the aqueous humour,
it is in contact with, and adhering to, the

ciliary processes of the choroid. Where it is

truncated or compressed on its anterior part to

form the posterior chamber of the aqueous
humour, it has the crystalline lens fitted into a

depression in its centre, while a narrow circle

of it appears between the circumference of the

lens and the anterior extremities of the ciliary

processes of the choroid, forming part of the

boundaries of this chamber of aqueous humour.
If the eye be allowed to remain for a day or

two in water in order to destroy by maceration

the delicate connexions between the hyaloid

membrane and the choroid, and then the

vitreous humour with the lens attached care-

fully sepaiated, tlie point of a fine blowpipe
may be introduced under the surface of the

hyaloid membrane at the circumference of the

lens, and a series of cells encircling the lens

inflated. This is the canal of Petit, or canal

godronne. It is thus described by the dis-

coverer in the liistoire de I'Academie des

Sciences for 1726. " I have discovered a small

canal surrounding the crystalline, which I call

the circular canal godronne; it can be seen

only by inflating it, and when filled with air it

forms itself into folds similar to the ornaments

on silver plate, called for this reason Vaiselle

godronne. It is formed by the doubling of the

hyaloid membrane, which is contracted into

cells at equal distances by little canals which
traverse it, and which do not admit of the

same degree of extension as the membrane,
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which is very feeble; it thus becomes ^odrofine.

If the crystalline be removed from its capsule

without injuring the membrane which forms

this canal, thesegorfronMt folds are not formed by
inflation or only in a very slight dej;ree, but the

canal becomes larger- It is in man commonly
a line and aquarter, alineand a halfor two lines

in breadth, and not larger in the ox." An-
nexed is a representation of tliis canal of Petit

on a large scale.

JP^. 115.

Fif;. 116.

As the nature of the connection between
the choroid and the hyaloid membrane, the

formation of the posterior chamber of the

aqueous humour, and the structure of this

canal of Petit, have been the subject of contro-

versy, I venture to introduce here an extract

on this subject from the japer published by
me in the Medico-Chirurgical Transactions.

" If the sclkrotic, choroid, iris, and retina

be removed one or two days after death, leaving

the vitreous humour with the lens embedded
on its anterior part, we observe a number of
$tria on tlie vitreous humour, converging

towards the circumference of the lens, cor-

responding in number, size, and form to the

ciliary processes, giving the same appearance
collectively that the circle of ciliary processes

or corpus citiare does on the choroid, and nar-

rowed towards the nasal side as the corpus

eiliare is. This appearance has been noticed

by most authors, but some describe it as

arising merely from the marks left by the

ciliary processes, while others consider these

ttria of the same nature as those productions

of the choroid, and call them the ciliary pro-

cesses of the vitreous humour ; it is the corona

cUiaris of Camper and Ziim. If we remove
the black pigment with a camel-hair pencil, we
leave those productions on the vitreous humour
more distinctly marked than when covered by
the colouring matter, and presenting all the

characters above stated, commencing behind
with a well-defined margin, and terminating

anteriorly by attachment to the capsule of the

lens, the furrows between them capable of

receiving the ciliary processes of the choroid,

and the folds calculated to be lodged in the

corresponding furrows of these processes. The
annexed figure is a representation of the vitreous

humour of the human eye thus treated.

VOL. II.

"If the cornea and iris be removed from a
human eye witliin a few hours after death, a
dark circle surrounding the lens, between it

and the anterior extremities of the ciliary pro-
cesses, may be observed : this is the part of
the corona ciliaris of the vitreous humour to

which the ciliary processes of the choroid do
not extend, which appears dark on account of
its perfect transparency ; the converging stria

are evident, even on this part where the ciliary

processes are not insinuated, interrupting the
view if we attempt to look into the bottom of
the eye by the side of the lens. It is, in my
opinion, therefore certain, that part of the
vitreous humour enters into the formation of
the posterior chamber of the aqueous humour.
The demonstration of this feet is, however,
attended with difficulty, because the flaccidity

arising from even slight evaporation of the
fluids of the eye permits the ends of the ciliary

processes which present themselves in the
posterior chamber of the aqueous humour to

fell towards the circumference of the lens, and
appear attached there. For myself I can say
that having made the dissection in the way just
pointed out, the eye of course in water, and
beneath one of those globular vessels which
I formerly described, I could see to the bottom
of the eye through the space in front of tlie

vitreous humour, between the ciliary processes
and the margin of the lens ; this space is,

however, perhaps larger in some individuals
than in others. Each fold of the corona cUiaris
of the vitreous humour seems to consist of two
layers of hyaloid membrane, capable of being
separated one from the other byinflation, and ad-
mitting of communication with each other round
the lens. It appears to me that the canal of Petit

or canal eodronni is formed in consequence of
these folds receiving the injected air one from
the other ; it is, however, generally described

as being formed by the membrane of the

vitreous humour splitting at the circumference

of the lens, one layer going before and the

other behind that body, the canal existing

between these two layers and the capsule of

the lens. Tliat the capsule of the lens has no
share in the formation of the canal of Petit, I

conclude from filling this canal with air, and
allowing the part to remain for some days in

water, and then with great care removing the

lens included in its capsule ; this I do not find,

however, causes the air to escape from the cells,

but leaves them presenting nearly the original

appearance ; and after the air has escaped, I

can |)ass a small probe all round in this canal,

o
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raising by this means the folds from the hyaloid

membrane. It is dilbcult, however, to pre-

serve the air in these folds for any length of

time under water, because the tendency of

the air to ascend causes the rupture of the

membrane, by which it is allowed to escape.

After the lens, included in its proper capsule,

has been detached from its situation on the

vitreous humour, the space it occupied pre-

sents the appearance of a circular depression,

surrounded by those productions of the hyaloid

membrane of which I have just spoken; the

vitreous humour remaining in every respect

fierfect, notwithstanding this abstraction of the

ens."

M. Ribes, in the Memoires de la Societd

Medicale d'Emulation for 1816, describes the

ciliary processes of the vitreous humour as

follows. " At the anterior part of the vitreous

humour, and at a short distance from the cir-

cumference of the crystalline, may be seen a

ciliary body almost altogether similar to that

of the choroid, and which has been named by
anatomists corona cdiuris, but no writer has

hitherto pointed out its structure, or the impor-

tant office it appears to perform. Each of

these processes has a margin adherent to the

vitreous humour, and encroaches a little on the

circumference of the lens. It appears to me
impossible to ascertain whether the surfaces are

reticulated, but they are villous. The free

margin is obviously fringed, and presents

nearly the variety of appearance observed in

the fringes of ciliary processes (of the choroid)

of different animals examined by me, except

that the summits are black ; the interval which
separates each process of the vitreous humour
is a species of depressed transparent gutter.

Tlie black colour of the free margins and the

transparency of the space which separates each
ciliary process adorns the anterior part of the

vitreous humour with a circle remarkable for

its agreeable effect, and which has been com-
pared to the disc of a radiated flower." Dr.
Knox, in a communication made to the Royal
Society of Edinburgh, at the same time that

mine was made to the Medico-Chirurgical
Society, describes the ciliary processes of the

choroid iis follows: " In whatever way, the

membrane or assemblage of membranes pro-

ceeds forwards to be inserted into the circum-
ference of the capsule of the lens, forming in

its passage numerous longitudinal folds, and
small projecting fimbriated bodies, by which,
in a natural state, the transparent humours are

connected with the superjacent ciliary body (of

the choroid) ; when examined with a good
glass, these folds are remarkably distinct, and
the whole bears the closest resemblance in its

distribution to the true ciliary body and pro-
cesses. I have, therefore, ventured to call

them the internal or transparent ciliary body,
or the ciliary body of the hyaloid membrane,
in contradistinction to that of the choroid." It

must not be forgotten that these ciliary pro-

cesses of the hyaloid membrane were des^cribed

by I\Jonro in his Treatise on the Eye, and are

strongly marked in a coarsely executed plate.

He considered that the retina was continued to

the lens, and describes its course under the

ciliary processes of the choroid ; thus " on ex-

amining the retina with still greater accuracy,

it appears that it has exactly the same number
of folds or doublings that the choroid coat has;

for it enters double between the ciliary pro-

cesses, nearly in the same way that the pia

mater enters into the coats of the brain. The
furrows and doublings of the retina, which, if

we are to use the favourite term ciliary, may
be called its ciliary processes, make an impres-

sion on the anterior part of the vitreous hu-
mour." The structure alluded to was also

observed by Hovius nearly an hundred years

before.

From the preceding observations respecting

the ciliary processes of the vitreous humour, it

may justly be inferred that the ciliary pro-

cesses of the choroid, and these ciliary pro-

cesses of the vitreous humour, are of the same
nature, differing only in those of the choroid

receiving red blood, while those of the vitreous

humour receive a transparent fluid by their

bloodvessels. The adaptation of these two
circles of folds to each other appears to be a

most beautiful example of mechanical con-

struction occurring in sofl parts ; it is a species

of dovetailing of the one structure into the

other, by which an intimate union is secured

between one pail of considerable strength and
another of extreme delicacy. A connexion

equally perfect is established between the ex-

ternal surface of the choroid at its margin, and
the corresponding margin of the sclerotic, by
means of the ciliary ligament; in fact, with-

out these two provisions of ciliary ligament

and ciliary processes, and their application

between the sclerotic, choroid, and vitreous

humour, the chambers of the eye must be

imperfectly constructed, and the optical me-
chanism of the organ defective. It is the

mechanicid bond between these dissimilar parts

which perfects the chamber of aqueous humour,
and prevents that fluid from escaping, either

between the sclerotic and choroid, or between

the choroid and vitreous humour.

Of the crystalline lens.—It has been al-

ready stated, that there is a double convex

lens within the sphere of the eye, at a short

distance behind the external lens or cornea.

This is the crystalline lens or crystalline

humour, which gives additional convergence

to the rays of light transmitted through the

pupil. It is placed in a depression, formed for

its reception on the anterior, compressed, or

truncated ]>ortion of the vitreous humour,

where that body approaches the back of the

iris, and constitutes part of the boundaries of

the (xjsterior chamber of the aqueous humour.

In this depression it adheres firmly to the hya-

loid membiano, and from the vessels of that

structure derives its nutriment.

lliis double convex lens does not present the

same curvature on both surfaces, the anterior

being less curved than the posterior, in the

ratio of about 4 to 3. Attempts have been made
to doterniine wilh accuracy the nature of these

curvatures, first by Petit, and subsequently by
VVintringham, Chossal, and others. The re-

i
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«ull» of the numerous experiments of Petit lead

to the conclusion, that the anterior curvature is

that of a portion of a sphere from six to seven

lines and ahalf in diameter, the posterior that of

a sphere of from five to six lines and a quarter.

From the same source it appears that the dia-

meter is from four lines to four lines and a half,

the axis or thickness about two lines, and the

weight three or four grains. I am, however,

inclined to agree with the observation of Porter-

field, that, " as it is scarce possible to measure
the crystalline and the other parts of the eye
with that exactness that may be depended on,

all nice calculations founded on sucn measures

must be fallacious and uncertain, and, therefore,

should, for the most part, be looked on rather

as illustrations than strict demonstrations of the

points in question." The methotl by which
Petit arrived at these results must render them
of doubtful value, the curvatures having been
determined by the application of brass plates

cut to the requisite form. The results of
Chossat's experiments, conducted with great

care, and with the assistance of the megascope,
are thus stated by Mr. Lloyd in his Treatise on
Optics : " This author has found that the cornea

of the eye of the ox is an ellipsoid of revolution

round the greater axis, this axis being inclined

inwards about 10°. The ratio of the major
axis to the distance between the foci in the

generating ellipse he found to be 1.3; and this

agreeing very nearly with 1.337, tlie index of

refraction of the aqueous humour, it follows

that parallel rays will be refracted to a focus, by
the surface of this humour, with mathemathical
accuracy. Tlie same author found likewise that

the two surfaces of the crystalline lens are ellip-

soiils of revolution round the lesser axis ; and itis

somewhat remarkable thatthe axes of these sur-

fdcesdo notcoincide in direction either with each
other, or with the axis of the cornea, these axes
being both inclined outwards, and containing

with each other, in the horizontal section in

which they lie, an angle of about 5"." It must
not be forgotten that these observations apply
to the crystalline of the ox, not to that of min,
and also that, as Chossat himself admits, the

evajioiation of the fluid part of the lens, or the

absorption or imbibition of the water in which
it is immersed, may materially alter the curva-

ture. I cannot myself believe it possible to

separate a fresh lens in its capsule perfectly

from the hyaloid membrane without injuring

its structure, and endangering an alteration in

its form. Ilaller states that Ke|)ler considered
the anterior convexity to approach to a sphe-
roid, and the posterior to a hyperbolic cone.
VViiitringham states the results of his inquiries

as to this matter as follows :—" In order to

take the dimensions of the eye of an ox, I

placed it on a horizontal board and applied
three moveable silks, which were kept extended
by small plummets, so as to be exact tangents
to the arch of the cornea, as well at each can-
thus, as at the vertex; then applying a very
exactly divided scale, I found that the chord of
the cornea was equal to 1.0.5 of an inch, the

versed sine of this chord to be 0.29, and con-
sequently the nuliiis of the cornea was equal to

0.620215 of an uicli. I then carefully took ofl^

the cornea, and replaced the eye as before, and
found, by applying one of the tlireads as a tan-

gent to the vertex of the crystalline, that the

distance between this and the vertex of the cor-

nea was 0.3.55 of an inch. Afterwards I took

the crystalline out without injuring its figure,

or displacing the capsula, and then applying

the threads to each surface of this humour, as

was done before to the arch of the cornea, I

found that the chord of the crystalline was 0.74

of an inch, and its versed sine, with respect to

the anterior surface, to be 0.189 of an inch, ikod

consequently the radius of this surface was
0.45665 of the same. In like manner the

versed sine to the same chord, with respect to

the posterior surface of the crystalline, I found

to be equal to 0.38845 of an inch. Lastly, i

found the axis of the crystalline and that of the

whole eye from the cornea to the retina to be

0.574, 2.21 respectively.' Whatever doubts

may be entertained respecting the accuracy of

the measurements of the lens, there can be none
that the form is different at different periods of

life, in the human subject. It also appears to

difler in different individuals at the same period

of life, and probably the curvature is not the

same in both eyes. In other animals the dif-

ference in form is most remarkable. In ttie

human foetus, even up to the ninth month, it is

almost spherical. Petit states that be found
the anterior curvature in a foetus of seven

months, a portion of a sphere of three lines

diameter, and the posterior of two and a half,

and the same in a new-bom infant. In an in-

fant eight days old, the anterior convexity was
a portion of a sphere of four lines, and the

posterior of three. All anatomists concur in

considering the lens to approach more to a
sphere at this period . In childhood the curva-

tures still continue much greater than in ad-

vanced life ; from ten to twenty probably de-

crease, and fixim that period to forty, forty-five,

or fifty, remain stationary, when they become
much less ; being, according to the tables of
Petit, portions of spheres from seven to even

twelve lines in diameter, and on the posterior

of six or eight. Every day's observation proves

that the lens becomes flattened, and its curva-

tures diminished as persons advance in life. It

is seen in dissection, when extracted by opera-

tion, and even during life; the distance between
its anterior surface and the back of the iris be-

ing so great in some old persons, that the sha-

dow of the pupil may be seen upon it, while at

an earlier period it actually touches that part of

the membrane. This diminution of the curva-

tures of the lens commences about the age of

forty-five. Petit found the anterior convexity

varying from a sphere of about seven to twelve

lines diameter, and the posterior from five to

eight in persons from fifty to sixty-five years of

age. The alteration in power of adaptation,

and the indi.stinctness of vision of near objects

which takes place at this period, is probably to

be attributed to this cause, although a diminu-

tion of the muscular power of the iris, and con-

sequent inactivity of the pupil, may contribute

to the defect. It is also to be recollected that

the density of the lens is much increased at this

period, and that the young person whose lens

o 2
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presBiits greater curvatures does not require

concave glasses, as the old person requires con-

vex ones. Hie state of the eye, alter the re-

moval of the lens by operation for cataract,

proves that it is a part of the organ essentially

necessary for correct vision. When the eye is

in other respects perfect, without any shred of

opaque capsule, any irregularity or adhesion of

the pupil, or any alteration in the cur\ature of

the cornea, as in young persons who have had

the lens properly broken up with a fine needle

through the cornea, vision is so good for distant

objects, that such persons are able to pursue

their common occupations, and walk with safety

through crowded streets, but they require the

use of a convex lens, of from three and a half to

five inches focus, for reading or vision of near;

old persons, however, generally require convex

glasses on all occasions after the removal of the

lens. That the curvatures of the lens are fre-

quently different in different individuals may
be inferred from the frequency of short sight,

or defective power of adaptation, not attributa-

ble to any peculiarity of the cornea. Petit

states that he found lenses of which the two

convexities were equal, and others of which the

anterior was greater than the posterior, and
more than once, one more convex on its ante-

rior surface in one eye, while that in the other

eye was in a natural state. He also occasion-

ally found the lens as convex in the advanced
period of life as in youth. I have repeatedly

observed the perfection of vision and power of

adaptation much greater in one eye than the

other in the same individual, without any defect

of the cornea, pupil, or retina; and occasionally

have found young persons requiring the com-
mon convex glasses used by persons advanced
in life, and old persons becoming near-sighted,

and requiring concaves. The annexed letters

shew the difference of curvature at the different

periods of life, as represented by Siimmerring.

A is the lens of the foetus; B, that of a child of
six years of age ; and C, that ofan adult.

Fig. 117.ABC
The colour of the lens is also different at

different periods of life. In the foetus it is

often of a reddish colour; at birth and in in-

fancy it appears slightly opaque or opaline ; in

youth it is perfectly transparent; and in the

more advanced periods of life acquires a yel-

lowish or amber tint. These varieties in colour

are not visible, unless the lens be removed
from the eye, until the colour becomes so deep

in old age as to diminish the transparency,

when it appears opaque or milky, or resembling

the semilransparent horn used for lanterns. The
hard lenticular cataract of advanced life appears

to be nothing more than the extreme of this

change of colour, at least when extracted and
placed on white paper it presents no other

disorganization ; but the lens of old persons,

when seen in a good light and with a dilated

pupil, always appears more or less opaque, al-

though vLsion remains perfect. The depth of

colour is sometimes so great, without any

milkiness or opacity, that the pupil appears

quite transparent although vision is lost. This

is perhaps the state of lens vaguely alluded to

by authors under the name of black cataract

The consistence of the lens varies as much
as its colour. In infancy it is soft and pulpy,

in youth firmer, but still so soft that it may be
crushed between the finger and thumb, and in

old age becomes tough and firm. Hence it is

that in the earlier periods of life cataracts may
be broken up completely into a pulp, and
absorbed with certainty, while in old persons

they adhere to the needle, unless very deli-

cately touched, and are very liable to be de-

tached from the capsule and thrown upon the

iris, causing the destruction of the organ. On
this account, therefore, the operation of extrac-

tion must generally be resorted to in old per-

sons labouring under this form of cataract,

while the complete division of it with the

needle and exposure of the fragments to the

contact of the aqueous humour secures its

removal by absorption in young persons. It

must not, however, be forgotten that the softer

lenticular cataract occasionally occurs in ad-

vanced life.

The crystalline lens is a little heavier than

water. Porterfield, from the experiments of

Bryan Robinson, infers that the specific gra-

vity of the human lens is to that of the other

humours as eleven to ten, the latter being

nearly the same as water; and Wintringham,

from his experiments, concludes that the den-

sity of tlic ci7Stalline is to that of the vitreous

humour in the ratio of nine to ten; the spe-

cific gnivity of the latter being to water as

10024 to 10000. The density of the lens is

not the same throughout, the surface being

nearly fluid, while the centre scarcely yields to

the pressure of the finger and thumb, especially

in advanced life. \\ intringham found the spe-

cific gravity of the centre of the lens of the ox

to exceed that of the entire lens in the propor-

tion of twenty-seven to twenty-six. The re-

fractive power is consequently greater than that

of the other humours. On this head Mr.
Lloyd, in his Optics, says, " In their refrac-

tive power, the aqueous and vitreous humours
differ very little from that of water. The re-

fractive index of the aqueous humour is 1.337,

and that of the vitreous humour 1.339; that of

water being 1.336. The refractive power of

the crystalline is greater, its mean refracting

index being 1.384. The density of the crystal-

line, however, is not uniform, but increases

gradually from the outside to the centre. This

increase of density serves to correct the aber-

ration by increasing the convergence of the

central nitys more than that of the extreme parts

of the pencil." Dr. Brewster, in his Treatise

on Optics, says, " I have found the following

to be the refractive powers of the different

humours of the eye, the ray of light being

incident upon them fi-om the eye : aqueous
humour 1.336; crystalline, surface 1.3767,

centre 1.3990, mean 1.3839; vitreous humour
1.3.394. But as the rays refracted by the

aqueous humour pass into the crystalline, and
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those from llie crystalline into the vitreous

humour, tlie indices of refraction of tlie sepa-

rating surface of these humours will be, from
the aqueous humour lo the outer coat of the

crystalline 1.046G, from the aqueous humour
to the crystalline, using the mean index, 1 .035.'),

ftx>m the vitreous to the outer coat of the cry-

stalline 1.0445, from the vitreous to the crystal-

line, using the mean index, 1.0332." Dr.
Young says, " On the whole it is probable

that the refractive power of the centre of the

human crystalime, in its living state, is to that

of water nearly as 18 to 7; that the water im-
bil)ed after death reduces it to the ratio of 21 to

20 ; but that on account of the unequable den-
sity, its effect in the eye is equivalent to a

refraction of 14 to 13 for its whole size."

Respecting the chemical composition of tlie

lens, Berzelius observes, that " the liquid in

its cells is more concentrated than any other

in the body. It is completely diaphanous and
colourless, holding in solution a particular

animal matter belonging evidently to the class

of albuminous substances, but differing from
fibrine in not coagulating spontaneously, and
from albumen, inasmuch as tlie concentrated

solution, instead of becoming a coherent mass
on the application of heat, becomes granulated

exactly as the colouring matter of the blood
when coagulated, from which it only differs in

the absence of colour. All those chemical
properties are the same as those of the co-

louring matter of the blood. The following

are the principles of which the lens is com-
posed : peculiar coagulable albuminous matter

35.9, alcoholic extract with salts 2.4, watery

extract with traces of salts 1.3, membrane form-

ing the cells 2.4, water 58.0.

From the preceding observations it might
reasonably be supposed that the lens is com-
)X)sed of a homogeneous material, such as al-

bumen or gelatine, more consolidated in the

centre than at the circumference ; but this is

not the case ; on the contrary, it exhibits as

much of elaborate organization as any other

structure in the animal economy. It consists

of an outer case or capsule, so totally different

from the solid body contained within it, that

they must be separately investigated and de-

scribed. Tlie body of the lens, it has been
already stated, consists of certain saline and
animal ingredients combined with more than

their weight of water, and when perfectly

transparent presents the appearance of a tena-

cious unorganized mass ; but when rendered

opaque by disease, loss of vitality, heat, or im-
mersion in certain fluids, its intimate structure

becomes visible. If the lens with the capsule

attached to the hyaloid membrane be removed
from the eye and placed in water, the following

day it is found slightly opaque or opaline, and
split into several portions by fissures extending
from the centre to the circumference, as seen
in fig. 118. This appearance is rendered
still more obvious by immersion in spirit, or

the addition of a few drops of acid to the

water. If a lens thus circumstanced be al-

lowed to remain some days in water, it con-
tinues to expand and unfold itself, and if

delicately touched aitd ojiened by the point of

a needle, and carefully transferred to spirit,

and as it hardens is still more unravelled by
dissection, it ultimately presents a remarkable

fibrous or tufted appearance, as represented in

the figure below, drawn by me some years ago
from a preparation of the lens of a fish thus

treated (the Lophius pivatorius). The thre«

annexed figures represent the structure of the

lens above alluded to: A is the human crystal-

line in its natural state; B, the same :«plit up into

its component plates ; and C, unravelled in

the fish.

Fig- 118.

This very remarkable structure of the body
of the lens appears to have been first accu-
rately described by Leeuwenhoek, subse-

quently by Dr. Young, and still more recently

by Sir David Brewster. Leeuwenhoek says,
" It may be compared to a small globe or

sphere, made up of thin pieces of paper laid

one on another, and supposing each paper to

be composed of particles or lines placed some-
what in the position of the meridian lines on a
globe, extending from one pole to the other."

Again lie says, " With regard to the before-

mentioned scales or coats, I found tliem so
exceedingly thin, that, measuring them by ray

eye, I must say that there were more than two
thousand of them lying one upon another."
" And, lastly, I saw that each of these coat*

or scales was formed of filaments or threads

placed in regular order, side by side, each coat

being the thickness of one such filament." The
peculiar arrangement of these fibres he describes

as follows :
" Hence we may collect how ex-

cessively thin these filaments are; and we shall

be stnick with admiration in viewing the won-
derful manner they take their course, not in a
regular circle round the ball of the crystalline

humour, as I first thought, but by three dif-

ferent circuits proceeding from the point L,
which point I will call their axis or centre.

They do not on the other side of the sphere

approach each other in a centre like this at L,
but return in a short or sudden turn or bend,

where they are the shortest, so that the filaments

ofwhich each coat is composed have not in reality

any termination or end. To explain this more
particularly, the shortest filaments, M K, U N,

and O F, which fill the space on the other

side of the sphere, constitute a kind of axis or

centre, similar to this at L, so that the fila-

ments M K, having gone their extent, and filled

up the space on the other side, in like manner
as is here shewn by the lines ELI, return

back and become the shortest filaments H N.
These filaments H N, passing on the other side



198 EYE.

of the sphere, again form another axis or centre,

and return in the direction O I", and the fila-

ments O V, again on the oilier side of the

sphere, collect round a third centre, and thence

return in the direction KM; so that the fila-

ments wliich are on this side of the sphere

collect round a third centre, and thence return

in the direction K M; so that the filaments

which are on this side tlie shortest, on the other

side are the longest, and those which there are

the shortest are here the longest." Annexed is

Leeuwenhoek's representation (_fig. 119).

Fig. 119.

Sir David Brewster says that the direction of

the fibres is different in difl'erent animals; the

simplest arrangement being that of birds, and
the cod, haddock, and several other fishes. In

it the fibres, like the meridians of a ^lobe, con-

verge to two opposite points of a spheroidal or

lenticular solid, as in the annexed figure.

Fig. 121.

Dr. Young differs from Leeuwenhoek as to

the arrangement of the fibres and other parti-

culars, and in his last paper corrects the de-

scription given by himself in a former one ; he
says, " The number of radiations (of the fibres)

is of little consequence , but I find that in the

human crystalline there are ten on each side,

not three, as I once from a hasty observation

concluded." " In quadrupeds the fibres at

their angular meeting are certainly not conti-

nued as Leeuwenhoek imagined." Beneath is

Dr. Young's last view of the arrangement of

the fibres, which Dr. Brewster has shown to be
incorrect, but the introduction of which is jus-

tified by the source from which it is derived.

Fig. 120.

The second or next simplest structure he
detected in the salmon, shark, trout, and other

fishes ; as well as in the hare, rabbit, and por-

poise among the mammalia; and in the alli-

gator, gecko, and others among reptiles. Such
lenses have two septa at each pole, as in the

annexed figure.

Fig. 122.

The third or more complex structure exists

in mammalia in general, " in which three septa

diverge from each pole of the lens, at angles of

1 20">, the septa of the posterior surface bisect-

ing the angles formed by the septa of the ante-

rior surface, as in the annexed figure (^g. 123).
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Fig. 123.

Tlie mode in which the»e fibres are laterally

united to each other is equally curious. Sir

David Brewster says that he ascertained this in

looking at a bright liglit through a thin lamina

of the lens of a cod, wh«n he observed two

(aint and broad prismatic images, situated in a

line exactly perpendicular to tliat which joined

the common coloured images. Tlieir angular

distance from the central image was nearly five

times greater than tliat of the first ordinary

prismatic images, and no doubt whatsoever

could be entertained that they were owing to a
number of minute lines perpendicular to the

direction of the fibres, and whose distance did

not exceed the ^^th of an inch. Upon ap-

plying a good microscope to a well-prepared

lamina, the two fibres were found united by a

series of teeth exactly like those of rack work,

the projecting teeth of one fibre entering into

the nollows between the teeth of the adjacent

one, as in Jig. 124.

Fig. n*.

I have said that the lens consists o( an outer

case or capsule totally different from the solid

body cont;iine<l within it. Tliis capsule is

strong, elastic, and perfectly transixirent. In
the pa|)er to which I have alluded m the Me-
dico-Chirurgical Transactions, I gave tlie fol-

lowing detailed description of its nature and
properties :—

" Tlie real nature of the capsule of the lens

has not, I tliink, been sutticiently attended to;

its thickness, strength, and elasticity, have cer-

tainly been noticed, but have not attracted that

attention which a fact so interesting, both in a

physiological and pathological point of view,

deserves. That its structure is cartilaginous, I

should conclude,_^r!t, from its elasticity, which
causes it to assume a peculiar appearance when
the lens has been removed, not falling loose

into folds as other membranes, but coiled in

different directions ; or if the lens be removed
by opening the capsule behind, and with-

drawing it through the vitreous humour, allow-

ing the water in which the part is immersed to

replace the lens, the capsule preserves in a

great degree its original form, especially in the

eye of the fish ; secondly, from the density and
firmness of its texture, which may be ascer-

tained by attempting to wound it by a cataract

needle, by cutting it upon a solid body, or

compressing it between the teeth; thirdly, from

its permanent transparency, which it does not

lose except on the application of very strong

acid or boiling water, and then only in a slight

degree ; maceration iu water for some months,

or immersion in spirit of strength sufficient to

preserve anatomical preparations, having little

or no effect upon it. If the lens be removed
from the eye of a fish dressed for the table, the

capsule may be raised by the point of a pin,

and be still found almost perfectly transparent,

This combination of density and transparency

gives the capsule a peculiar sparkling appear-

ance in water, in consequence of the reflection

of light from its surface, resembling a portion

of thin glass which had assumed an irregular

form while soft ; this sparkling I consider very

characteristic of this structure. The properties

just enumerated appear to me to distinguish it

from every other texture but cartilage; still,

however, it may be said that cartilage is not

transparent, but even the cartilage of the joints

is semi-transparent, and, if divided into very

thin portions, is sufficiently pellucid to [lermit

the perception of dark objects placed behind

it, and we obtain it almost perfectly transparent

where it gives form to the globe of the eye, as

in the sclerotic of birds and fishes. If the soft

consistence, almost approaching to fluidity, of

the external part of the lens, be considered, the

necessity of a capsule capable itself of pre-

serving a determinate form is obvious. \f the

lens were enclosed in a capsule such as that

which envelopes the vitreous humour, its sur-

face could not be expected to present the ne-

cessary regular and permanent curvature ; nor

could we expect that if the form of the lens

were changed, it could be restored without thu

provision of an elastic capsule."

The capsule is liable to become opaque and

constitute cataract, as tlie body of the leni i«.

These capsular cataracts are easil/ distinguished
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from the lenlicular. Tliey never present the

stellated appearance frequently observed when
the texture of the opaque lens opens in the cap-
sule as it does when macerated in water, nor the

uniform horny or the milky blue appearance of

common lenticular cataract. The opacity in

capsular cataract exists in the shape of irregular

dots or patches, of an opaque paper-white ap-

pearance, and when touched with the needle are

round hard and elastic, like indurated cartilage,

the spaces between the specks of opacity fre-

quently remaining perfectly transparent.

It appears to be generally assumed by writers

on anatomy that a watery fluid is interposed

between the body of the lens and its capsule,

from an incidental observation of Morgagni
when discussing the difference in density be-

tween the surface and centre of the lens; hence
it has been called the aqua Morgagni. The
observation of this celebrated anatomist, in his

Adversaria Anatomicu, which has led to the

universal adoption of this notion, is, however,
merely that upon opening the capsule he liad

frequently found a fluid to escape. " Deinde
eadem tunicii in vitulis etiam, bobusque sive

recens, sive non ita recens occisis perforata,

pluries animadvert!, illico humorem quendam
aqueum prodire: quod et in homine observare
visus sum, atque adeo credidi, hujus humoris
secretione prohibita, crystallinum siccum, et

opacum fieri ferfe ut in extracto exsiccatoque

crystallino contingit." He does not, however,
subsequently dwell upon or insist upon the

point. I do not believe that any such fluid

exists in a natural state, but that its accumula-
tion is a consequence of loss of vitality; the
water combined witli the solid parts of the lens

escaping to the surface and being detained by
the capsule, as occurs in the pericardium and
other parts of the body. In the eyes of sheep
and oxen, when examined a few hours after

death, not a trace of any such fluid can be
detected, but after about twenty-four hours it

is found in considerable quantity. In the
human eye a fluid sometimes accumulates in

the capsule, constituting a particular form of
cataract, which presses against the iris, and
almost touches the cornea ; but such eyes are,

I believe, always unsound. From this erro-
neous notion of an interposed fluid between
the lens and its capsule has arisen the adop-
tion of an unsustained and improbable conclu-
sion, that the lens has no vital connexion with
its capsule, and consequently must be produced
and preserved by some process analogous to
secretion. Respecting this matter I have ob-
served, in the paper above alluded to, " The
lens has been considered by some as having no
connexion with its capsule, and consequently
that its formation and growth is accomplished
without the assistance of vessels; such a notion
is so completely at variance with the known
laws of the animal economy, that we are justi-

fied in rejecting it, unless supported by un-
questionable proof. The only reasons which
have been advanced in support of this conclu-
sion are, the failure of attempts to inject its

vessels, and the ease with which it may be
separated from its capsule when that mem-

brane is opened. These reasons are far from

being satisfactory; it does not necessarily

follow that parts do not contain vessels, be-

cause we cannot inject them ; we frequently

fail when there can be no doubt of their exist-

ence, especially where they do not carry red

blood. I have not myself succeeded in in-

jecting the vessels of the lens, but I have not

repeated the trial so often as to make me
despair of accomplishing it, more especially

as Albinus, an anatomist whose accuracy is

universally acknowledged, asserts, that after a
successful injection of the capsule of the lens,

he could see a vessel passing into the centre of

the lens itself. Lobe, who was his pupil,

bears testimony to this. The assertion that

the lens is not connected with its capsule, I

think I can show to be incorrect; it has been
made fi-om want of care in pursuing the inves-

tigation, and from a notion that a fluid exists

throughout between the lens and its capsule.

^\ hen the capsule is opened, its elasticity

causes it to separate from the lens ; especially

if the eye be examined some days after death,

or has been kept in water, as then the lens

swells, and often even bursts the capsule and
protrudes through the opening, by which the

connexion is destroyed. I have however satis-

fied myself that the lens is connected with its

capsule (and that connexion by no means
slight) by the following method. I remove
the cornea and iris from an eye, within a few
hours after death, and place it in water, then

with a pair of sharp-pointed scissors I divide

the capsule all round at the circumference of

the lens, taking care that the division is made
behind the anterior convexity, so that the lens

cannot be retained by any portion of the cap-

sule supporting it in front. I next invert the

eye, holding it by the optic nerve, when I find

that the lens cannot be displaced by agitation,

if the eye be sufficiently fresh. In the eye of

a young man about six hours dead, I found

that, on pushing a cataract needle into the lens,

after the anterior part of the capsule had been

removed, I could raise the eye from the bottom

of the vessel, and even half way out of the

water, by the connexion between the lens and
its capsule. It afterwards required consider-

able foi-ce to separate them, by passing the

needle beneath the lens, and raising it from its

situation. I believe those who have been in

the habit of performing the operation of ex-

traction, have occasionally encountered consi-

derable difficulty in detaching the lens from

its situation after the capsule had been freely

opened, this difficulty 1 consider fairly refer-

able to the natural connexion just noticed.''

When the lens enclosed in its capsule is de-

tached from the hyaloid membrane, the con-

nexion between it and the capsule is destroyed

by the handling, and, in consequence, it moves
freely within that covering, affording to those

who believe that there is no union between the

two surfaces fallacious evidence in support of

tliat opinion, which, if not sustained by belter

proof, should be abandoned. Dr. Young in-

sists upon the existence of the natural con-

nexion by vessels and even by nerves between
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tlie lens and its capsule ; he says, " The cap-

sule adhei'es to the ciliary substance, and the

lens to the capsule, principally in two or three

points ; but 1 confess I have not been able to

observe that these points are exactly opposite

to the trunks of nerves; so that probably the

adhesion is chiefly caused by those vessels

which are sometimes seen passing to the cap-

sule in injected eyes. We may, however, dis-

cover ramifications from some of these points

upon and within tlie substance of the lens,

generally following a direction near to that of

tlie fibres, and sometimes proceeding from a

pomt opposite to one of the radiating lines of

the same surface. But the principal vessels of

the lens appear to be derived from the central

artery, by two or three branches at some little

distance from the posterior vortex, which I

conceive to be the cause of the frequent adhe-
sion of a portion of a cataract to the capsule

about this |K)int; they follow nearly the course

of the radiations and then of the fibres ; but
there is often a superficial subdivision of one
of the radii at the spot where one of them
enters." The great size of the vessels distri-

buted on the back of the capsule in the fcetus

strengthens the conclusion that tlie lens is fur-

nished with vessels as the rest of the body.
When the eye of a foetus of seven or eight

months is finely injected, a branch from the

central artery of the retina is filled and may be
traced through the centre of the vitreous hu-
mour to the back of the capsule, where it

(ttmifies in a remarkably beautiful manner,
assuming, according to Sommerring, a stellated

or radiating arrangement. Zinn declares that

he found branches from this vessel penetrating

the lens :
** Uptime autem placet observatio

arteriolse lentis, in oculo infsintis, cujus vasa

cera optime erant repleta, summa voluptate

mihi visa-, quam prope marginem ad convexi-

tatera posteriorem diUtam, duobus ramulis

perforata capsula in ipsam substantiam lentis

profunde se immergentem cortissime con-
spexi." He also quotes the authority of
ituysch, Moeller, Albinus, and Winslow, as

fiivouring the same view. Against such au-

thority I find tliat of the French systematic

writer Bichat advanced; but on such a point
his opinion is of little value. Annexed is

Zinn's reprcsenta-
f^. 125. tion of the distribu-

tion of the branch
ofthecentral artery

on the back of
tlie capsule, from

a preparation in

Lieberkiihn's mu-
seum. Similar fi-

gures have been
given by Albinus,

Sommerring, and
Sir Charles Bell.

Of the aqueous humour.—In the preliminary

observations at the commencement of this

article, 1 stated that a cavity or space filled

with water exists between the cornea and crys-

talline lens, in which space the iris is extended,

with its aperture or pupil, to moderate the

quantity of light, and interrupt th« passage of
the extreme rays. It is bounded anteriorly by
the concave inner surface of the cornea, and
posteriorly by the crystalline lens and other
parts, and is necessarily divided into two
spaces or chambers by the ins. That in front

of the iris, called the anterior chamber, is

bounded by the concave inner surface of the
cornea anteriorly, and by the flat surface of the
iris posteriorly, which, I have already stated,

is a plane, not a convex surface, as represented

in the plates of Zinn and others. Tlie size of
this space is necessarily small, and varies in

difl°erent individuals according to the convexity
of the cornea, which also frequently varies.

It is always, however, sufiiciently large to allow
the surgeon to introduce a needle to break up
a cataract without wounding the iris or cornea.

The posterior chamber is bounded in front by
tlie back of the iris, and behind by the crys-

talline lens; with that portion of the hyaloid
membrane of the vitreous humour, which is

between the anterior termination of the ciliary

processes of the choroid and the circumference
of the lens. The circumference of the pos-
terior chamber is bounded by the anterior ex-
tremities of the ciliary pttx;esses of the choroid,

as they extend from the vitreous humour to the
back of the iris. It does not appear to be
generally admitted or well understood that any
part of the hyaloid membrane of the vitreous

humour enters into the composition of the
posterior chamber of the aqueous hu-
mour, notwithstanding the decisive opinion
and accurate representation of the celebrated

S<)mmerring, in which I entirely concur, as I

have stated above in describing the vitreous

humour.
The size of the posterior chamber has been

the subject of much discussion and contro-

versy, and various attempts have been made
by freezing the eye and other means to deter-

mine the matter. Petit, after a careful inves-

tigation, considered that the distance between
the lens and iris was less than a quarter or half

a line, in which Haller appears to concur.
Winslow, in the Memoirs of the French Aca-
demy for 1721, insists that the iris is m contact

with the lens. Lieutaud, in his Etsais Ana-
tomiques, is equally positive on this point,

and even denies altogether the existence of a
posterior chamber. The question is not an
mdiH'erent one, inasmuch as it involves impor-
tant considerations as to operations for cataract

and inflammations of the iris. Modern ana-

tomists appear, generally, to consider the dis-

tance between the lens and iris to be greater

than it really is. Although I cannot agree

with Winslow and Lieutaud that the margin

of the pupil is always in contact with the lens,

I believe it frequently is so, especially in the

earlier periods of life, when the curvHtures of

the lens are considerable. In iritis adhesions

generally take place between the margin of the

pupil and the capsule of the lens, a conse-

quence not easily accounted for, if the parts

be not in contact. In old age the lens be-

comes much flattened, and therefore retreats

from the pupil, to such a degree that the sha-
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dow of the iris may often be seen in a crescentic

form oil a calaract ; and in such |)ersoiis, whe-

ther from tliis cause or from llie iiiHammatioii

not being of the adhesive character, blindness

is more frequently attended with dilated pupil.

In breaking up cataracts through the cornea,

1 have repeatedly satisfied myself of the con-

tact or close vicinity of the two surfaces by

placing the needle between tliem. The an-

nexed outline section, from the work of Siim-

merring, shews how
Fig. 126. small he considered the

space between the iris

and lens, and displays

accurately how the

posterior chamber is

formed by the iris an-

teriorly, the lens pos-

teriorly, and the cili-

ary processes at the

circumference, with the

small circular portion

of the hyaloid mem-
brane of the vitreous

humour between the

ciiliary processes of

the choroid and the

circumference of the

lens.

It appears to me unaccountable why sur-

geons, with these anatomical facts before them,

still continue to introduce the needle into the

posterior chamber, to break up cataracts, in-

stead of passing it through the cornea into the

anterior chamber, where ample space exists,

and a full view is obtained of all the steps of

the operation. In doing so the needle is thrust

through opaque parts among delicate structures,

iiito a narrow cavity, where, hidden by the iris,

it can be used with little certainty of correct

application. At the same time, instead of

penetrating the simple structure of the cornea,

which bears injury as well as any other struc-

ture of the body, the instiument pervades the

fibrous sclerotic, a structure impatient of in-

jury and prone to inflammation, punctures the

ciliary ligament at the imminent risk of in-

juring one of the ciliary nerves or even wound-
ing the long ciliary artery, and finally passes

through one of the most vascular parts in the

body, the corpus c'diare. The practice appears

a signal instance of the influence of education,

habit, and authority in setting improvement at

defiance. The proofs afforded of tlie close

vicinity of the margin of the pupil to the cap-

sule of the lens, should remind the surgeon

that one of the greatest dangers to be ap-

prehended in iritis is the adhesion of these two

parts, and that one of the first steps in the

treatment should be to separate them by the

application of belladonna, which, by its pecu-
-'— influence on the pupil, dilates that aper-
ture, ^n(j, consequently, brings its margin
more opposite the circumference of the lens
and at a gi-eater distance from the prominent
central portion

.

The aqueous ti.-imour, although constituting
so essential a part ot" .'he optical mechanism of
the eye, is but small in quiantity ; according to

Petit not more than four or five grains. Its

specific gravity and refractive power scarcely

dilier from that of water; and according to

Berzelius, 100 parts contain 98.10 of water,

1.1 j of chloruret of soda with a slight trace

of alcoholic extract, 0.75 of extractive matter

soluble in water only, and a mere trace of

albumen. It is perfectly transparent, but is

said to be milky in the fcetus.

The source from which this fluid is derived

has been the subject of controversy in con-

sequence of Nuck, a professor of anatomy at

Leyden, having asserted that he had discovered

certain ducts through which it was transmitted,

and published a small treatise to that effect,

which ducts were proved to be vesssels by a

cotemporary writer, Chrouet, in which deci-

sion subsequent authors have concurred. In

the present day this fluid is generally believed

to be secreted by a membrane lining the cavity,

as the fluid which lubricates the serous cavities

is secreted by their lining membranes. Al-

though this is in all probability the fact, the

circumstances are not exactly the same in both

cases. In the serous cavities, merely as much
fluid as moistens the surface is poured out,

while in the chamber of the aqueous humour
sufficient to distend the cavity is secreted. In

the serous cavities the membrane from which
they derive their name can be demonstrated ;

in the chamber of aqueous humour this can

scarcely be accomplished. I have resorted to

various methods to enable me to demonstrate

the existence of the membrane of the aqueous
humour on the back of the elastic cornea,

such as maceration, immeraion in hot water,

soaking in alcohol, and treating with acids,

alkalis, and various salts, but without effect.

In describing the structure of the cornea, I

have shewn that the elastic cornea itself can-

not for a moment be considered the membrane
in question, on account of its strength, thick-

ness, elasticity, and abrupt termination ; and
I do not think that the demonstration of a

serous membrane expanded on such a struc-

ture as transparent cartilage is to be expected,

inasmuch as the demonstration of the synovial

membrane on the cartilages of incrustation in

the joints is attended with much difficulty.

The pathological fact which tends most to

prove the existence of such a membrane here,

is, that in iritis, especially that of a syphilitic

character, the aqueous humour appears often

very muddy, especially in the inferior half of

the chamber; this, ho^vever, in the latter stages

may be found to arise from a delicate speckled

opacity on the back of the cornea, which re-

mains permanently, and injures vision con-

siderably. Analogy also favours the inference

that the whole cavity of the chamber must be

lined by serous membrane, inasmuch as all

structures, of whatsoever nature they may be,

in the serous or synovial cavities, are so covered

or lined. This provision is so universal, that

if such various structure, as the elastic cornea,

iris, capsule of the lens, ciliary processes, and
hyaloid membrane, which enter into the con-
struction of the chamber of aqueous humour,
be exposed to the contact of the fluid without
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any intervening membrane, it constitutes an

unexpected Hiioinaly in the animal leoonomy.

Tlie consequences of intlanimatiun greatly

strengthen the conclusion tliat tlie cavity is

lined by a membrane of the serous character.

The slightest injuries or even small ulcers of

the cornea are frequently accomjKinicd by eflu-

sion of purulent matter into llie anterior

chamber, from the extension of the inflam-

mation into tliat cavity, constituting the hy-

popion or onyx of the books ; and the yellow

masses which apjiear on the iris in syphilitic

iritis, whether they are abscesses, or as tliey

are called, globules of lymph, are effusions

beneath a delicate membrane, as vessels may
be seen with a magnifying glass, ramifying

over them. In iritis the rapidity with which

adhesions are formed between the margin of

the pupil and the capsule, proves that these

two structures are covered by a membrane of

this nature. In addition to all these facts the

still more conclusive one is to be adduced,

namely, that the membrane can without diffi-

culty be demonstrated on
Fig 127. the back of the iris, as

I have stated in speaking

of that part of the organ,

and as it is represented

in fig. 127, where the

fold of membrane stained

with black pigment is seen

turned down from that

structure.

In the preceding pages I have availed my-
self of whatever valuable and appropriate facts

in comparative anatomy 1 found calculated to

illustrate or explain the structure of the human
eye. There are, however, two organs in other

animals which do not exist even in the most

imperfect or rudimental state in the human
subject—the pecten or mamupium nigrum in

birds, and the choroid gland or choroid muscle

in fishes.

Of the pecten.
—

^This organ is called pecten

Fig.

from its folded form bearing some resemblance
to a comb, and marsupium nigrum from its

resemblance in the eye of the ostrich to a bhii k
purse, according to the uiKitomists of the

French Academy, who compiled the collection

of memoirs on comparative anatomy, 'llie

organ is obviously a screen projected from

the bottom of the eye forward toward the crys-

talline lens, and, consequently, received into

a corresponding notch or wedge-shaped hollow

in the vitreous humour; it appears to be of

the same vascular structure as the choroid, and

is deeply stained with the black pigment,

which renders itperfectly opaque and imper-

vious to light. The annexed figure, from the

work of D. \V. Sommerring, represents it in

the eye of the golden eagle.

Fig. 128.

Fig 127.

It is composed ofa delicate membrane, highly

vascular, folded exactly like the plaits of a fan,

and when removed with sharp scissors fiom
the bottom of the eye, and its free margin cut

along the edge so as to allow the folds to be
pulled open, it may be spread out into a strip

of continuous riband-shaped membrane, as

seen in Jig. 129, <i^m a paper of Sir E.
Home's in the Philosophical Transactions for

1822.

129.

The first account I find of it is by Petit in

the Mem. de I'Acad. Roy. 1735. He says it

is a trapezium or trapezoid, five lines long at

the base, and three lines and a half deep, com-
posed of parallel fibres, and that a fine trans-

parent filament runs from the anterior superior

ani>le to the capsule of the crystalline lens,

not easily seen on account of its transparency,

and that sometimes the angle itself is attached

to die capsule near its margin. Haller, in his

work " Sur la formation du cceur dans le

poulel," describes it as follows:—" It is a

black membrane folded at very acute angles, as

the paper of a fan, upon which transparent

vessels are expanded; it generally resembles

the ciliary processes. It originates from the

sclerotic in the posterior part of the eye by a

serrated line, pierces the choroid, retina, and

vitreous humour to attach itself to the side of

llie capsule of the crystalline, very near the

corona ciliaris. The posterior exUemity is

broad, and the anterior narrows till it becomes
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adherent to tlie capsule of the lens by an inser-

tion a little narrower. This insertion appears
to be etiected by the intervention of the hyaloid
membrane, to which this fen is attached. I

have not had time to estabtisli this con-
nexion to my satisfection, and 1 still entertain

doubts respecting it. I have seen a red artery

accompany tliis feather-like production and run

to the crystalline. It would be very convenient
for physiology that this folded membrane
should prove muscular ; we should then have
the organ souglit after, which would retract the

crystalUne to the bottom of the eye." In the

Elementa Physiologise, t. v. p. 390, he says it

originates from the entrance of the optic nerve,

but that you may remove the retina and leave

the pecten. He says again, " it advances for-

ward to the posterior part of the capsule, to

which it sometimes adheres by a thread, and
sometimes the lens is merely drawn toward it."

An artery and vein is supplied to each fold,

and perhaps to the capsule of the lens. In
the Opera Minora he says that there are two
red vessels to each fold in the kite, and no cord

runs to the lens ; that in the heron a branch of
artery runs to each fold, and it adheres so

closely to the lens that it cannot be ascertained

whether a red vessel runs from it to the lens

or not; that in the duck it is contracted toward
the lens, and adheres to it by a thread contain-

ing a red vessel. He also says that in the

wild duck it arises from the margin of the

linea alba, which terminates the entiance of
the optic nerve, contains numerous vessels,

mid adlieres to the lens ; and in the pie it is

lan^e and adheres to the lens, so as to pull it.

D. W. Siimmerring says, that in the pecten

of the golden eagle, of which Jig. 128 is

a representation, there are fourteen folds like

ciliary processes, and that it adheres by a
transparent filament to the capsule of the lens

;

that in the great horned owl it is short and
thick, with eight folds, and adhering to the lens

by an hyaloid filament, although at a great

distance from it ; and that in the macaw it is

longer than broad, has seven folds, and adheres

to the lens. In the ostrich he says it is shaped
like a patella at its base, which is white, oval,

and thick; eight lines long and five broad,
distinctly separate from the choroid, above
which it rises, the retina being interposed.

From the longer diameter of this patella (or

base) a white plane or lamina projects even up
to the lens, and sends out on each side seven
small plaits, the lower ones partly double, the

upper ones simple, black, and delicate. This
conical body, something like a black purse,

tapers toward the lens, and by its apex is

attached to the capsule by a short semi-pellucid

ligament. The white substance of the base

and partition of the pecten should not be con-
founded with the medullary part of the optic

nerve, which, emerging on all sides from be-

neath the base, expands into a great, ample,

and tender retina, terminating behind the

ciliary processes with a defined margin. Cuvier,

in his Lectures on Comparative Anatomy, says,

" It appears of the same nature as the choroid,

although It has no connexion with it ; it is like-

wise very delicate, very vascular, and imbued
with black pigment. Its vessels are derived

from a particular branch of the ophthalmic

artery, different from two which belong to the

choroid ; they descend on the folds of the

black membrane and form ramifications there

of great beauty when injected. This mem-
brane penetrates directly into the vitreous

humour, as if a wedge had been driven into

it ; it is in a vertical plane directed obliquely

forward. The angle nearest the coniea in those

species in which it is very broad, and all its

anterior margin in those in which it is narrow,

comes nearly to the inferior boundary of the

capsule of the crystalline. In some species it

approaches so near that it is difficult to say

whether or not it is attached to it ; such is the

case in the swan, the heron, the turkey, &c.
according to Petit ; but there are other birds

in which it remains at some distance, and in

which it does not appear to attach itself except

to some of the numerous plates which divide

the vitreous humour into cells. In the swan,

heron, and turkey, this membrane is broader

in the direction parallel to the produced extre-

mity of the optic nerve than in the contrary

direction. In the ostrich, cassowary, and owl
the reverse is observed. It is folded like a

sleeve in a direction perpendicular to the caudal

termination of the optic nerve. The folds are

rounded in most species ; in the ostrich and
cassowary they are compressed and sharp, and
so high perpendicular to the plane of the

membrane that at first sight it resembles a
black purse. The folds vary in number, there

being sixteen in the swan, ten or twelve in tl»e

duck and vulture, fifteen in the ostrich, and
seven in the grand duke or great horned owl.

,

The purpose for which the pecten exists in

the eyes of birds does not appear to be fully

ascertained. Petit says, " when a bird views

an object with both eyes, the rays enter oblique-

ly in consequence of the situation of the cornea

and crystalline lens, and proceed to the bottom
of the eye; but as they enter in lines parallel

to the membrane, they do not encounter it.

The rays which enter the eye in lines perpen-

dicular to the plane of the cornea encounter

this membrane, and are absorbed by it as well

as those which come from the posterior side

;

the subject is, however, a difficult one." Haller

supposed that it was merely destined to afford

a medium through which vessels might pass to

carry blood to the crystalline. Cuvier says,

" It is difficult to assign the real use of this

membrane. Its position should cause part of
the rays which come from objects at the side

of the bird to fall upon it. Petit believed

that it was destined to absorb these rays and
prevent their disturbing distinct vision of objects

placed in front. Others thought, and the

opinion has been lately reiterated by Home,
that it ix>ssesses musc\ilar power, and that its

use is to approach the lens to the retina when
the bird wishes to see distant objects. Never-
theless, muscular fibre cannot be detected in

it, and the experiments intended to prove its

muscularity after death are not absolutely con-

clusive ; moreover, as it is attached to the side
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of tlic crystalline, it could move it only

obliquely." The experimenls and inferences

contained in Sir E. Home's pa|)er in the Phi-

losophical Transactions for 1796, do not appear
to me wortliy of any attention. A pecten in

an imjjerfect or rudimentary state appears to

exist m tishes and reptiles, and has been noticed

by I^laller, \V. Sommerring, and Dr. Knox.
In the article Aves of this work Mr. Owen
has also described the pecten, and to that arti-

cle I refer tl)e reader for additional information.

()f' the choroid gland or choroid muscle.—
The eyes of fishes present several remarkable

peculiarities, to be accounted for perhaps from
their occasional residence in the obscurity of

the deep, and at other times near the surrace,

exposed to the full blaze of sunshine; they

must also be frequently exposed to great pres-

sure at considerable depths. The sclerotic is

not merely a fibrous membrane, but is strength-

ened by a cartilaginovis cup, and sometimes
even by one composed of bone ; the cornea is

generally flat or presenting little of lenticular

character; the crystalline lens is spherical, and
so dense that its central part is a hard solid

;

and the choroid presents the remarkable pecu-

liarity which I have now to describe.

On cutting through the cartilaginous sclerotic,

a fluid is found generally interposed between
this and the choroid ; at least it is so in the

genus gudus, (cod, haddock, &c.) The external

part of the choroid is formed by a most beau-
tiful membrane of a brilliant silver aspect,

scarcely to be distinguished from that metal

when rough and recently cleaned. On tearing

this membrane away, the vascular choroid is

exposed, and a red horse-shoe-shaped promi-
nent mass, encircling the entrance of the optic

nerve, appears. This is the choroid gland or

choroid muscle. The veins of the choroid,

apparently commencing from the iris, ascend

in tortuous inoscxdating branches, of enormous
size compared with the dimensions of the part,

and appear to terminate by entering this horse-

shoe-shaped organ, but this is not their distri-

bution, as it is not hollow. The area enclosed

by the organ round the optic nerve does not

exhibit the same extreme vascularity. On
pulling away a delicate film which covers the

organ, it appears composed of lamin<c or plates

divisible into fibres, which run transversely

from within outwards, confined into a comjjact
body by the delicate film just spoken of, and
a concave depression in the structure beneath.

The annexed plate, made from an accurate

drawing of a careful dissection, represents the

general form and vascularity remarkably well.

Fig. 130.

Ilaller, speaking of the choroid in fishes,

says, " this organ is a fleshy pulp, composed of
short columns densely consolidated, resembling
red gelatine." Cuvier says, " ils colour is com-
monly a vivid red, its substance is soft and
more glandular than muscular ; at least fibres

cannot be distinguished on it, although the
bloodvessels form more deeply coloured pa-
rallel lines on its surface. Its form is com-
monly that of a small cylinder bent like a ring

round the nerve, which ring is not, however,
complete; a segment of greater or less length is

always deficient. Sometimes, as in the Perta
Ittbrax, it is composed of two pieces, one on
each side of the optic nerve. In other cases it

is not in a circle but an irregular curve, as in

the Salmon, Tetradon mola, and Cod ; but in

the carps and most other fishes it approaches to

to a circle. Those who suppose that the eye
changes its figure according to the distance of
objects, think that this muscle is destined to

produce this effect by contracting the choroid ;

but it appears to me that the numerous vessels

passing out of it should rattier lead to its being
considered a gland destined to secrete some of
the humours of the eye. These vessels are white,
fine, very tortuous, and appear to traverse the

tunica Ruyschiana; they are well seen in the Te-
tradon mola and Perca Libras. In tlieCod they
are very large, anastomose together, and are

covered by a white and opaque mucus. This
gland does not exist in the cartilaginous fishes,

as the Rays and Sharks, in which it approaches
more to the character of the eye in the Mam-
malia, as has already been observed in speak-
ing of the tapetum and ciliary processes. D.
\V. Sommering says, " Around the insertion of
the nerve is seen a peculiar red, thick, soft

body of a horse-shoe shape, respecting which
it is doubted whether it be muscular, glandular,
or merely vascular. It is undoubtedly ex-
tremely vascular, and contains many large,

branching, inosculating vessels, forming a
proper membrane gradually becoming thin,

and terminating at the iris. This vascular
membrane constitutes the second or middle
layer of the choroid." This description applies
to the eye of the Cod. Sir E. Home, in a
Croonian lecture published in the Philoso-
phical Transactions for 1796, says that Mr.
Hunter considered the organ in question to

be muscular, and proceeds to state that " this

muscle has a tendinous centre round ihe optic
nerve, at which part it is attached to the scle-

rotic coat; the muscular fibres are short, and
go off from the central tendon in all directions:

the shape of the muscle is nearly that of a
horse-shoe; anteriorly it is attached to the

choroid coat, and by means of that to the

sclerotic. Its action tends evidently to bring

the retina forwards ; and in general the optic

nerve in fishes makes a bend where it enters

the eye, to admit of this motion without the

nerve being stretched. In those fishes that

have the sclerotic coat completely covered

with bone, the whole adjustment to great dis-

tances must be produced by the action of the

choroid muscle; but in the others, which are

by far the greater number, this effect will be
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much assisted by the action of the straight

muscles pulling the eye-ball against the socket,

and compressing the posterior part, which, as

it is the only membranous part in many fishes,

would appear to be formed so for that pur-

pose" Although it must be admitted that

these conclusions of Sir E. Homo are derived

from insufficient data, and are probably incor-

rect in many particulars, yet it is not very im-

probable that the part in question may be mus-
cular, and, if so, may be instrumental in adapt-

ing the eye to distance by pushing up the

retina toward the lens. The organization of

the part is certainly not merely vascular, as

stated by Cuvier, and undoubtedly bears a
stronger resemblance to muscular than any

other structure; it also retains the peculiar

colour of red muscle after all the rest of the

eye has been blanched by continued macera-

tion in water. I think, however, Sir E. Home
goes too far when he describes a central tendon

without reservation.

For further information on the subject of

this article, see Vision, and Vision, Organ
OF.

Bibliography.—In pnrsuit of information re-

specting the anatomy of the eye, the student need
scarcely go farther back than Zinn's work, or the

article on the same subject in Halter's Elementa
Physiologiae. The older anatomical writers were,
generally speaking, uninformed on the subject,

Riiysch s works contain some observations worthy
of attention at the time he wrote, but now scarcely

worth recording ; especially as he was a vain man,
and wrote for present fame and character rather
than truth. In Albinus's Annotationet Academicee
a few facts are recorded, upon the accuracy of
which the student may place reliance, as he was
an anatomist. Morgagni also added to the existing

information of the period at which he wrote, but
has left little more than notes or cursory remarks.
Petit's papers in the Memoires de I Academie
Royale des Sciences contain much original and
valuable matter. In this earlier period the con-
tributions of Nnck, Hovius, Briggs, and Leeuwen-
hoek should not be overlooked. Cotemporary with
or immediately following Haller and Zinn, Porter-
field, Le Cat, Lieutaud, the second Monro, Blu-
menbach, Sommerring, and many others made
valuable additions to our information on this subject.

The annexed list contains the titles of those works
which 1 have consulted ; some of the more modem
German monographs I have been obliged to quote
or consult from those who copied from them,
having endeavoured in vain to procure them : such
arc those of DoUengcr, Chelius, Huschke, Jacob-
son, Kiescr, Weber, and some others.

Nuckf Lialographia et ductuum aquosorum ana-
tome nova, Lugd, Bat. 1695. Warner Chrouet,
De tribus humoribus oculi, 1691. Hovius, De circu-

lari humorum motu in ociilis, Ludg, Bat. 1716.
Briggsy Ophthalmographia, Lugd. Bat, 1686.
Lextwenhoekf Arcana naturar detecta, Delphis, 1695

;

or in the Philosophical Transactions, or in the
translation of his select works by Ho<)li", Lond.
1816. RTn/.tchii Thesaurus, Amstnl. 1729. Al-
binufi, Annotationes aradetnica;. Morgrujni, Ad-
versaria anatomica, Ludg. Ba(. 17*23, and Epistol<c,

Venetiis, 1750. Haller^ Elementa physiologra:

corporis humani, torn. v. [jausanne, 1763 ; also

in Opera minora, and Formation du cteur dans Ic

p(Mi]et. '/Ami, Descriptio nnatomira ocu'i humani,
Gottiug. 1780, and aUo in Commentarii Sociftutis

Rfgi^ Scientiarum Gotlingrnsp'j, t. iv. 1754. Petit,

in Memoires de I'Acadnmie Royale des Sciences,

1723, 25, 26, &c, Wimlow» Mem. de I'Acad,

1721. Moeller, Observationcs circa retiuara, m
Halleri Difputationes anatomicae select, t. vii.

Camper, De quibnsdam oculi pattibus, in Halleri
Disp. anat. Lobe, De oculo hiimano, in same.
fVintringham, On animal structure, London, 1740,
Le Cat, Traite des Sens, Rouen, 1740. Bertrandi,
Disscrtatio de oculo. in Opero anatomische e
cerusichc. Porterjield, On the eye, Edinburgh, 1759.
Lieutatid, Kssais anatomiques, Paris, 1766. Dwt^
dell. Treatise on the diseases of the horny coat in
the eye, Lond. 1729. Descemet, An sola lens
crystallina cataract* sedes, Paris, 1758. Demowrs,
Lettre a M. Petit, Paris. 1767. Brendel, De fabrica
oculi in fcetibus abortivis. Got. 1752. Blvmenbach,
De oculis leucoethiopum et iridis motu, Gott. 1786,
Wachendorf, Commercium litterarium, 1744. Fon-
tana, Traite sur le venin de la vipere, Florence,
1781. Walther, J. G. Kpi&tola anat. ad Wilhelm
Hunter, Berolin, 1758. Sommerim;, Abbildungendes
menschlichen Auges, or Icones oculi humani ; or
translated into French by Demours. S^ommering^ also
in Commentarii Soc. Reg. Gotling. Monro, On the
brain, the eye, and the ear, Kdin. 1797. Camparetti,
Observationcs dioptricse et anatomicas de coloribus,
visu et oculo, Patavii, 1798. Sattig, Lentis crys-
talline structura fibrosa. Halae, 1794. Mattchart,
De cornea, in Mailer's Disputationes chirurgicae,
or in Reuss Dissertationes Tubingenses. Dr,
Young, in the Philosophical Tansactions, 1793 et
seq. Home, in several papers in the Philosophical
Tiansactions, see Index. Reil, De structura ner-
vorum, Hale, 1796. Roaentfuil, De oculi quibus-
dam partibus, 1801. Angely, De oculo organisque
lachrymalibus, Erlang. 1803 ; or, again, Schreger
vergleichenden Anatomic des Auges, Leipzig, 1810.
Baerens, Systematislentis crystallina monographia.
Tubings, 1819, and in Hadius Scriptores oph-
thalmologic! minores. Clemens, Tunics comeae et
humoris aquei monographia, Gott. 1816, and ia
Radius, S. O. M. Sachs, Historia duorum leu-
cu-thiopum, Solisbaci, 1812. Maunoir, Sur Por-
ganisation de I'iris, Paris, 1812. Rihes, in Me-
moires de la Societe M^d, d'Kmulation, an 8ieme,
Paris, 1817. Chelius, Ueber die durchsichtige
Hornhaut des auges, Carlsruhe, 1818. Voit, Oculi
humani anatomia et pathologia, Norimbergae, 1810.
Hegar, De oculi partibus quibusdam, Gott. 1818.
Cuvier, Lemons danat. comp. Bell's Anatomy.
MeckeVs Handbuth d. menschl. anatomie, or the
French translation. Sommering, D. W. De oculorum
hominis animaliumque scctionc horizontale, Gott,
1818. Knox, Comparative anatomy of the eye.
Trans. Royal Society of Edinburgh, 1823. Cloquet,
J. Sur la membrane pupiilaire, Paris, 1818.
t/acoftson,Supplementa ad ophthalmiatriam.Havniie,
1821. Dollenger, Illustratto ichnographira oculi,
Werceburg, 1817. Weber, De motu iridis, Lipsis,
1828. Jacob, in Philosophical Transactions, 1819.
Martegiani, Novs observationcs de oculo human.,
Napoli, 1812. Sawret/, An account of a newly-
discovered membrane in the human eye, Lond.
1807, Husche, Commentatio de pectinis in oculo
avium potestate, Jens, 1827. Schneider, Das endc
der nervcnhaut in menslichen auges, Munchen,
1827. Kieser, De anamorphosi oculi, Gott. 1804.
Jacob, in Medico-Chirurgical Transactions, vol. xii.

Lond. 1823. F.A.ab Amman, De genesi et usu
maruls lutrs, Vinaris, 1830. Dieterich, F, C,
Ubcr die verwundengen des linsensystems, Tubing,
1824. DoUejiger y Uber das Strahlrnblaitchen im
mrnscliliihi'n auges in Acta Ph. Mod. Acad. Cssar-
Leop. Car. nat. cur. t. ix. Horrcbow, M. Tractatus
de oculo humano, Havnis, 1792. Jacob Inians^
Diftsertatio inaug. de oculo, Lugd. Bat. 1820.
Lieblien, V, Bemerkungen liber das system der
krystalliensc bei Saugthieren nod. vogeln. Wurz-
burg, 1821. Mxiller, F. Anatomische und physio-
logischo darstellung des menschlichm auges, Wien.
1819. J. Af'tUler, Zur vergliechendcn physiologie
des gosichtssines des monschen uud der Thiere,
Lripsie, 1826, G. H. Treiiranus, Britragc zur
anatomic und physiologie dcr Smncswerkezcuge dea
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Menichen und der Thiere, 1 Heft. Brcmf n, 1829.

Wardrop't Morbid ao&tODty of the eye. J)atrymf}le*s

Aoatomy of the eye, Lond. 18^34. Mackenxie, On
dieeues of thu eye. I«ond. 1834. LUu/d, On lifcht

and vinion, Lond. 1631. Biol^ Prrt-t^ clrmentairc
da physique, l*ari«, 18*24. I^mgenberh, H. C. H.
De retina, Gott. IU36. Bmelnu, Traitcde chimie,

Paris, 1B33. AtrntHm, ZeitRchrift fiir die oph-
thalroologie. lUidinSt 8ctiptore» ojihihalmologici

Ininores. lieiU, Archiv. fiir die physiolo>;ic.

Meckel's Archiv. f, Arnold, t'ntcrsuchungen iiber

das auge dcB menschen, Heidelberg, 1832. Giraldi,

8ur I'organization de I'ocil, Paris, 1836. For the

latest observations on the retina, see Ehrenberg,
Beobar.htung iibcr Structur des Seelenorgans, Ber-
lin, lO).

For the cotnparativc anatomy of the eye, which
is still imperfect, I refer the student to the paper
of Zinn in the Gottingen Commentaries, as above
quoted \ Bidloo, Dc ocuUs et visa ; the article on
the eye in Mailer's Elemcnta Physiologia ; Cam-i
paretti's observations ; Home's papers in the Philo-
sophical Transactions; Knox's Comparative ana-
tomy of the eye; Cnvier's Comparative anatomy

;

J. Muller, Vcrgleirhende Physiologie des Gesicht-
sinnes ; and, above all, to D. W. Snmmering's
book. For perfect systematic treatises on the

anatomy of the eye, the student is referred to

Zinn's well-known and highly valuable work,
Arnold's work Just quoted, «nd, in English,
Mr. Dalrymple's treatise.

(Arthur Jacob.)

FACE (in anatomy) {Cr. le^ocuicot ; Lat.

Jiiciet, vulttu, os ; Fr.fiice; Germ. Antlitz,

GcMcht ; \V\\.Juccia).—In veilebrated animals
this term is applied to denote the anterior part

of the head, with which most of the organs
of the senses arc connected ; wliile the cranium
is destined to contain and protect the encephalic

orRans, tlic face is the seat of the organs of
sight, smell, and taste, and in some animals
of a special organ of touch. The relative

sizes of cranium and face depend, therefore,

in a great measure on the relative development
of those importiint organs which belong to

each. For the characters of the ftce in the

different classes of animals, we refer to the

articles devoted to the anatomy of them, and
to the article Osseous System.
Face (in human anatomy). The face is

situated before and below the cranium, which
bounds it above ; on the sides, it is limited by
the zygomatic arches, behind by the ears and
the depression which corresponds to the upper
region of the pharynx, and below by the base
of the lower jaw and the chin. Tlie disposition

of the face is symmetrical ; its anterior surface

is trapezoidal, the largest side being above

;

and its vertical section is triangular. It pre-
sents an assemblage of organs which serve dif-

ferent purposes, and which by their configura-

tion and proportions constitute what are called

the Jeittures ; individually the face presents

many varieties, not only in the foim and degree
of development of its several parts, as the nose,
mouth, Sic, but also in tlie condition of its

bones, muscles, skin, and adipose tissue. The
varielics of form presented by the face aflbnl

some of the most distinctive characters of the

different races of mankind. It differs also ac-

cording to the age and sex of the individual

;

in the infant, the peculiarities depend princi-

pally upon the disposition of the bones, and in

particular on the absence of the teeth ; but the

soft parts have also their distinctions at this

age, for while the fat is abundant, the muscles
are but little developed, and hence the sligliily

marked features and the plump cheeks of
infancy.

In old age, again, the aspect of the face is

the reverse of this, for not only do its thinness
and the predominance of the muscles throw
out the features, but the skin is covered with
folds and wrinkles, from its own relaxation

and the absence of fat, aided perhaps by the
action of the muscles. The loss of the teeth,

moreover, allows tlie lower jaw (when the
mouth is closed) to be thrown in front of the

upper, and thus the length of the face is dimi-
nished, and a peculiar expression is imparted
to the countenance.

In women, (from the delicacy of the features

and the abundance of the cellular tissue,) the

face preserves the roundness of form, and
something of the characteristics of childhood.

Bones of the Face.—The bones of the

face comprise all those of the skull which do
not contribute to form the cavity for the brain

;

they inclose, either by themselves or in con-
junction with the adjacent bones ofthe cranium,
1. the organs of three senses, viz. sight,

smelling, and taste ; 2. the organs of mastica-
tion and the orifices of the respiratory and
digestive canals ; 3. they give attachment to

most of the muscles of expression.

The lace is divided into the upper or the

fixed, and the lower or the moveable ^"ato,

both of which are provided with teeth. The
lower jaw is a single and symmetrical bone

;

the upper jaw, though formed of thirteen

bones, consists principally of two, viz. the
ossa maxillaria superiora, to which the others

may be considered as additions, being attached
to them immoveably, and forming altogether

one large, irregular, and symmetrical piece,

which constitutes the upper jaw.

Of the fourteen bones which contribute to

the face, two only arc single or median ; the
others are double, and form six pairs, viz.

2 ossa maxilla superioris ; 2 ossa palufi ;

2 ossa nasi ; 2 ossa maltt ; 2 ossa lachrt/malin ;

2 ossa turbinata inferiora. The two single

bones are, the vomer and the ot maxilla in-

seriorit.

The superior marillary bones, (ossa maxil-
laria superiora ; Germ, die Obem Kinnbacken-
beine oder Oberkiefer.) These bones, situated

in the middle and front of the face, are of
a very irregular figure ; they are united below
along the median line, and form together, the

greater part of the upper jaw. Each hai _/"owr

surfaces, viz. 1. a facial or anterior; 2. a
posterior or zygomatic ; 3. an internal or naso-

palatine; 4. o superior or orbitar. T\\ebt>rdert

are three; 1. o« anterior or nuso-maxillary

;

2. a posterior or pterygoid; 3. on inferior or

alveolar.

The facial surface presents from before

backwards, \ . the fossa myrtiformis, a depres-

sion situated above the incisor teeth, which
gives attachment to the depressor labii superi-

oris ; 2. the canine ridge, which corresponds to

the socket of the canine tooth, and which sepa-

rates the myrtiform from, 3. the canine (or the



208 FACE.

infra-orbitar) _/oMo, which gives attachment to

the levator anguli oris, and at the upper part of

which is seen the infra-orbitar foramen, giving

exit to the vessels and nerves of the same
name ; 4. the malar ridf^e, a semicircular crest

which descends vertically from the malar pro-

cess to the alveolar border of the bone, and
divides its facial from its zygomatic surface,

which is prominent behind, where it forms the

maxillary tuberosity, most conspicuous before

the exitof the liist molar tooth, which in the

child is lodged within it. On this surface are

several small holes, (posterior dental fora-
mina,) which are the orifices of canals for the

posterior and superior dental vessels and

nerves.

From the upper and front part of the ante-

rior surftice of the bone a long vertical process

{the nasal process) ascends between the nasal

and lachrymal bones to be united with the

frontal ; its external surface is rough, presenting

small irregular holes, which transmit vessels to

the cancellous interior of the bone and to the

nose, and giving attachment to the levator labii

superioris alaeque nasi muscle. The internal sur-

face of this process is marked with some minute

grooves and holes for vessels, and, tracing it

from below upwards, by a transverse ridge or

crest {the inferior turbinated ridge) for the

lower spongy bone ; above this by a depres-

sion corresponding to the middle meatus ; next

by a crest (the superior turbinated ridge)

for the upper spongy bone of the ethmoid

;

and above this by a surface which receives

and completes some of the anterior ethmoid

cells. The nasal process has three borders:

1. an anterior, thin and inclined from

above downwards and forwards; above, it is

cut obliquely from the internal towards the

external surface of the bone, and below in the

contrary direction, so that this edge of the

nasal process and the corresponding border of

the nasal bone with which it is united, mutu-
ally overlap each other. 2. A. posterior border,

or surface, thick and divided into two margins

by a deep vertical groove (tlie lachrymo-nusal

canal) which contributes to lodge the lachrymal

sac above, and the nasal duct below. The
direction of the lachrymo-nasal canal is curved

from above downwards and outwards ; so that

its convexity looks forwards arid inwards, and
its concavity in the contrary direction. The
inner margin of this groove is thin, and is

tinited above to the anterior border of the os

unguis, and below to the inferior spongy bone.

The outer margin is bounded and gives attach-

ment to the tendon and to some of the fibres of

the orbicularis palpebrarum ; it commonly ter-

minates below in a little tubercle (the lachrymal

tubercle). 3. The upper border of the nasal

process, which is short, thick, and irregular, is

articulated with the internal angular process of

the frontal lx)ne.

The orbit ar surface of the bone is the small-

est; it is quadrilateral, smooth, and slightly

concave, with an inclination from above down-
wards and from within outwards ; it forms the

greater part of the floor of the orbit. Along
the middle of its posterior half runs, in a direc-

tion forwards and outwards, the infru-orbitar

groove, which anteriorly becomes a complete

canal {the infra-orbitar canal), and finally

divides into an internal or larger canal, which
terminates at the infra-orbitar hole in the

canine fossa, and into an external or small

conduit, which runs in the anterior wall of the

antrum, and conveys the superior anterior den-
tal nerves to the incisor and canine teeth ; this

outer subdivision of the canal presents several

varieties in different individuals. The orbitar

surface (or plate) has four borders : 1 . The
posterior, which, free and notched in the mid-
dle by the commencement of the infra-orbitar

canal, forms with the orbitar plate of the sphe-

noid and palate bones the inferior orbitar or

the spheno-maxillary fissure. 2. The internal,

which articulates from behind forwards succes-

sively with the palate, the ethmoid, and the

lachrymal bones. 3. The anterior, short and
smooth, separates the orbitar from the facial

surfaces of the bone; at its inner extremity is

the nasal process already described. 4. The
external is united to the malar bone ; on the

outer side of this border is a rough triangular

projecting surface (the malar process) which
receives the os malae, and which forms an
angle of union between the anterior, posterior,

and superior surfaces of the upper maxillary

bone.

The internal or naso-palatine surface is di-

vided along the anterior three-fourths into two
unequal parts by an horizontal plate of bone
{the palatine process) : above this is the nasal

portion forming the upper three-fourths of

this surface, and below it, is the palatine

part which forms the remaining fourth. The
palatine process forms the anterior three-

fourths of the floor of the nose, and roof of the

mouth; it presents a smooth upper surface,

concave transversely, and nearly flat in the op-
posite direction : it is broad behind and narrow
in front, where there is placed the orifice of the

anterior palatine canal, which takes a direction

downwards, forwards, and inwards, unites with

the corresponding canal in the opposite bone
at the median plane, and forms a common
canal {the canalis incisivus), which opens below
by a hole {theforamen incisivum) on the roof

of the mouth, immediately behind the middle
incisor teeth. The anterior (lalatine canals and
the incisive canal, which are often included to-

gether under a common name, form a tube re-

sembling the letter Y, being bifid above and
single below. The inferior surface of the pa-

latine process is rough and concave, and forms

the anterior and larger part of the roof of the

mouth ; its internal border is long and rough,

thick in front, narrow behind, and united with

the corresponding border of the opposite bone
forms the maxillary suture : this border is sur-

mounted by a half-furrow which, with that of its

fellow bone, forms a groove for the reception of

a partof the vomer. The posterior border is short

and cut obliquely at the expense of the upper
surface ; it supports the anterior margin of the

horizontal part of the palate-bone. The pala-

tine division of the internal surface of the upper
maxillary bone is narrow, and forms part of

the arched roof of the mouth ; along its junc-

tion with the palatine process is a broad shal-
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low groove for lodging the posterior palatine

nerves and vessels. The nasal portior) of the

internal surface is placed above the palatine

process, and is lined on its anterior three-fourths

by the pituitary membrane. Tracing this sur-

face from before backwards we observe, 1. the

lower aperture of the naso-lachrymal canal,

situate just behind the inferior turbinated crest

of the nasal process ; 2. posterior to this, the

orijice of the maxillary sinus, or antrum of
Ilighmore, which in the sepaiated bone is a
large opening, but is contracted in the united

face by the lachrymal, the ethmoid, the palate,

and tlie inferior turbinated bones, which are

attached around its margin. Above this aper-

ture are seen some cells which unite with those

of the ethmoid, and its lower edge presents a
Jissure in which is received the maxillary pro-

cess of the palate-bone. Below the inferior

turbinated crest, the naso-lachrymal canal and
the orifice of the antrum, the bone is concave
and smooth, and forms a part of the inferior

meatus of the nose; behind this smooth surface

and the orifice of the antrum, the bone is

rough for the attachment of the vertical plate

of the OS palati, and it presents a groove, which,
descending obliquely forwards to the palatine

division of this surface, forms a part of the

posterior palatine canal.

Tlie niaxilhry sinus (sinus maxillaris, antrum
Highmori ; Germ, die OberkieJ'erti'ohle) oc-

cupies in the adult the whole body of the

bone : its form is triangular, with the base

directed internally towards the orifice which
has been already described, and tlie apex out-

wards towards the malar process. Its superior

wall is formed by the orbitar plate; the pos-

terior corresponds to tlie maxillary tuberosity ;

and the anterior to the canine fossa. All

these walls present ridges or crests, which
lodge canals for the passage of nerves. The
posterior and anterior walls contain the su-

perior, anterior, and posterior dental canals,

which lodge nerves of the same name. The
upper wall contains the infra-orbitar groove
and canal, which gives passage to the upper
maxillary nerve.

Borders.—1 . The anterior or naso-maxillary

border is united above along the nasal process

to the nasal bone. Below this it is tliin and
presents a deep semicircular notch, which forms
the lateral and inferior portions of the anterior

aperture of the nose. At the lower extremity

of this notch the bone projects, and forms
with its fellow of the opposite side the anterior

nasal spine. The remainder of this border
proceeds downwards and a little forwards to

terminate on the alveolar border of the bone
between the two middle incisor teeth.

2. The posterior or pterygo-palatinc border,

thick, rounded, and vertical, is united below
to the palate bone, and above it forms, with
the palate bone, the anterior border of the

pterygo-maxillary fissure.

3. nie inferior or alveolar border is thick

and broad, especially behind, and forms about
the fourth of an oval. It is perforated with
conical cavities (alveoli) for the reception of
the roots of eight teeth. These cavities are
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separated by tliio transverse lamina. Tracing;

them backwards from the anterior extremity
of the border, the orifices of the two first

are nearly circular, and receive the incisors

;

they are the largest, and are j)laced below the

nasal notch. 'i"he third, in form transversely

oval, receives the canine tooth, is of great

depth, and ascends in front of the canine fossa.

The fourth and fifth, also transversely oval,

but not so deep, receive the lesser molar
teeth; they generally present ridges in their

septa which correspond to grooves in the fangs

of the teeth which are implanted into them.

Tlie orifices of the tliree last cavities ate

quadrilateral, and receive the molar teeth.

The sixth and seventh are subdivided into

three lesser cavities, of which the two external

are smaller than the inner one. Sometimes
one of the molar teeth has four fangs, and
then we find its socket subdivided into a cor-

responding number of cavities. Tlie eighth

alveolus, which receives the last molar tooth

or dens sapientis, is not so distinctly divided

into subordinate cavities, but presents ridges

like the lesser molar. The outline of the

alveolar border is waving, convex where it

corresponds to the alveoli, and depressed op-
posite their septa. Tlie whole of this border

IS covered by the gums, and presents innu-

merable pores for the nutritious vessels. The
surfiices of the alveoli are also similarly

marked.
Connexions.— The upper maxillary articu-

lates witli two bones of the cranium, viz. the

ethmoid and frontal, and sometimes with the

sphenoid by its pterygoid processes, or by an
union of the orbitar plates of both bones at

the outer extremity of the spheuo-maxillary

fissure. In this case the malar bone does not

enter into the formation of this fissure. The
upper maxillary articulates with its fellow

and with all the bones of the fiice. The me-
dian and lateral cartilages of the nose are at-

tached to it. It receives the upper teeth, and
gives attachment to eight muscles, viz. the

orbicularis palpebrarum, the inferior oblique

of the eye, the levator labii superioris alaeque

nasi, the levator labii proprius, the depressor

alffi nasi, the compressor nariuni, the levator

anguli oris, and the buccinator; often also

to some of the fibres of the temporal and
the external pterygoid muscles. It lodges the

naso-palatine ganglion, and gives (lassage to

the infra-orbitar and to the anterior and pQS»

terior palatine and dental vessels and nerves.

It forms the greater part of the sides of the

nose, and of the floor of tliat cavity, and
of the orbit, as well as of the roof of the

mouth. It contains the maxillary sinus and the

nasal duct.

Struiture.—This bone is lighter than might

be expected from its size, being occupied by the

large antrum maxillare. It is cancellous only

at the tuberosity, along the alveolar border,

and at the malar and palatine processes.

Developement.—Tlie ossification of this bone

commences as early as the tliirtieth or thirty-

fifth day of foetal life, near its alveolar border,

and it is complete at birth. It presents at
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this period, and often inucli later, two remark-
able fissures. 1. The incisive fissure, which
may be traced from the alveolar border be-

tween the canine and lateral incisor tootli

backwards and upwards, along the incisive

canal towards the nasal process : it is sel-

dom observable on the facial surface of the

bone. The part of the bone circumscribed by
this fissure a])pears to correspond to tlie inter-

maxillary bone of animals, and is probably

developed as a separate piece : it supports the

mcisor teeth. 2. A fissure is often found ex-

tending from the infra-orbitar groove forwards

to the orifice of the canal. The existence of

these fissures has led some anatomists to sup-

pose that the bone is developed by these ossific

points.

At birth and in infancy the bone presents a

much greater proportion from before back-

wards than vertically: its nasal process is long,

its orbitar plate large, the antrum is already

distinct, the tuberosity prominent, and there

are some remarkable holes behind the incisor

teeth, which are said to have an important

connexion with the development of the second

set of teeth.

In the adult the increase in the vertical di-

mensions corresponds with the developement
of the antrum and alveolar border. In old

age the alveoli are obliterated, the border con-

tracts, and the jaw diminishes in height. In
the small vertical diameter the senile and in-

fantile upper jaw bear a resemblance to each
other.

In the inferior mammalia, the maxillary

bones are separated anteriorly in the middle
line by a bone called os intemiaxillare or

incisivum, which contains the superior incisor

teeth when they are present; sometimes this

bone is distinctly divisible into two by suture.

This bone is present, although the superior

incisors be absent, as in Ruminants and Eden-
tata, but in such cases is very small: on the

other hand, when the incisor teeth are largely

developed, it is of considerable size, as in the

Rodentia. In the mature human foetus no sign

of this bone exists, but in examining the skulls

of foetuses about the third or fourth month of
pregnancy, we observe it perfectly distinct from
the maxillary bone. It sometimes happens
that at more advanced periods, whether of in-

tra or extra-uterine life, evidence of the separa-

tion of the intermaxillary bone exists, and as
Meckel says, we often find a transverse narrow
" lacuna" on the vault of the palate, extending
from the external incisor tooth to the anterior

palatine foramen. According to Weber, how-
ever, who examined the extensive collection of
fetal skeletons belonging to Profes.sor Ilg in

Prague, the intermaxillary bone was distinct

only in those that had a double hare-lip. He
considers, however, that the intermaxillary bone
readily separates when the skull of a child of
one or two years old is placed for some time
in dilute muriatic acid.*

The palate bones, (ossa palalina ; Germ.

• See Weber in Froriep's Notizen, 1820, quoted
in Hiidebrandt's Anatomie, B, ii, S. 95.

die Suuiiienleine,) situated at the back part of

the nose and roof of the moiilli, locked be-

tween the maxillary bones and pterygoid pro-

cesses of the sphenoid, consist of two thin

plates, one short and horizontal, the palatine

;

the other long and vertical, the nasal. The
palatine process, or plate, has two surfaces and
four borders. The upper surface, or the nasal,

is smooth and concave, and forms the posterior

fourth of the floor of the nose. The lower sur-

face, the palatine, rough, and slightly concave
anteriorly, has on its posterior and outer part a
transverse crest with a depression behind it for

the attachment of the circumfiexus palati muscle.

In front and to the outer side of this is the

inferior orifice of the posterior palatine canal,

behind which are two or three small openings
called accessory palatine holes, and in front of

it is the commencement of the groove which
lodges the posterior palatine vessels and nerves.

The anterior border is cut obliquely from
below upwards and forwards, and rests on the

posterior border of the palatine plate of the

upper maxillary bone, forming with it the

transverse palato-maxillary suture. The pos-

terior border, thin and concave, gives attach-

ment to the soft palate.

The internal border, rough and thick, is

united to its fellow of the opposite side

;

above, it forms a giooved crest, which receives

a part of the vomer, and is continuous with a

similar crest formed on the internal border of
the palatine plate of the upper maxillary bone.

Behind, this border terminates in a sharp

point, which, in conjunction with the corres-

ponding projection of the opposite bone, forms
the posterior nasal spine, to which the levator

uvulffi muscle is attached. The ejrier«a/ border
is continuous with the vertical plate.

The nasal process, or plate, has two surfaces

and four borders. The internal or nasal pre-

sents, tracing it from below upwards, 1. a
smooth concave surface, which forms part

of the inferior meatus: 2. a horizontal crest,

the inferior turbinated crest, for the attach-

ment of the inferior turbinated bone : 3. ano-
ther concave surface forming part of the mid-
dle meatus: 4. another horizontal crest (the

superior turbinated crest), shorter than the

former, for the attachment of the middle tur-

binated bone of the ethmoid. This surface is

covered with the pituitary membrane.
The external or ziigomato-maxillury surface

is rough in front, where it rests against the

upper maxillary bone ; behind this the lower

two-thirds are marked by a groove, which, in

conjunction with one on the upper maxillary

bone, forms the posterior palatine canal.

Above this, the bone is smooth, and forms the

inner and deep part of the pterygo-maxillary

fissure.

The anterior border, thin and projecting,

forms a process (the maxillary) which is re-

ceived into the fissure in the lower edge of the

orifice of the maxillary sinus.

The posterior or pterygoid border is united

to the anterior border of the pterygoid process

of the sphenoid : below, it becomes broad
and is continued along a process which stands
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dowiiwaids, outwards, uiid backwards, from
the angle of union of llie posterior Iwrders of
tlie vertical and horizonUil plates of the bone.
This process is the ptcn/goiil or pi/rumidul, and
presints three grooves behind, viz. one internal

and oi\e extirnul, (of which tlie inner is the

deeper,) for the reception of the anterior borders
of the lower extremity of the pterygoid plates;

and a middle triangular groove extending high
up, and which forms a partof the pterygoid fossa.

The outer surface of this process is rough,
and is articulated with the upper maxillary

bone; its apex is continuous with the external

pterygoid plate.

The inferior border is united to the horizon-
tal plate.

1 he superior border presents a deep semi-
circular notch (sometimes a hole), which with
the sphenoid bone above forms the spheni>-

palatinej'orawen, Tliis notch divides the upper
border into two processes, 1 . the posterior (the

sphenoidal) ; 2. the anterior (the orbitar). Tlie

sphenoidal process is curved inwards and back-
wards, and has three surftices, 1. an internal or
nasal, forming part of the cavity of the nose

;

2. an external, which forms below the spheno-
palatine foramen the deep wall of the pterygo-
maxillary fissure ; 3. an upper, which is con-
cave and rests against the body of the sphenoid
bone, and contributes to the pterygo-palatine
canal.

T/ie orbitar process stitnds upwards and
outwards on a narrow neck, and presents five

surfaces. 1. The anterior (or maxillary) arti-

culates with the upper maxillary bone. 2. The
internal (or ethmoidal) forms a cell which unites

with those of the ethmoid. 3. A posterior

(or sphenoidal) presents a cell uniting with the

sphenoid, and communicating with its sinuses.

4. Tlie superior (or orbitar), which is smooth
and contributes to form the floor of the orbit

:

its posterior border forms a part of the spheno-
maxillary fissure, and separates the orbitar sur-

face from, 5. the external or zygomatic, which
looks into the pterygo-raaxillary fissure.

Connexions.— Each palate bone articulates

with five bones, viz. two of the cranium, the

sphenoid and the ethmoid ; and with three of
the face, the upper maxillary, the inferior turbi-

nated, and the vomer, besides its fellow bone of
the opposite side. It is lined with the buccal
and pituitary membrane. It contributes to form
the cavities of the mouth, nose, and orbit ; the

pterygo-maxillary fissure, and the zygomatic and
pterygoid fossie. It gives attachment to the

soft palate, and passage to the spheno-jwlatine,

pterygo-patatine, and posterior palatine vessels

and nerves ; also to the two pterygoid muscles,
tlie circumflexus palati, the levator uvula?, the

l)alato-glossus, and the palato-pharyngeus.

The structure is compact, except at its pte-

rygoid process, where it is cancellous.

Developement.— It is complete at birth, ex-
cept that the vertical plate is short to corre-

spond with the short vertical diameter of the

upper maxillary. About the third month
ossification appears in a single point, at the

junction of the two plates with the pyramidal
process.

MuUir bmies (oua mala v. muturia ». ti/go-
maticu ; Fr. os de la pommelte ; denn' dte
Juchbeine oder Backenhcmc)

.

—These bones,
corresponding in situation to the prominence of
the cheeks, are somewhat of a quadrilateral
figure. Each presents three surfaces; 1. an
external orfacial; 2. an internal or temporo-
zygomatic; 3. a superior or orbitar. There
are besides four borders and four angles.

Thefacial surface forms the eminence of the
cheek, looks outwards and forwards, is smooth
and slightly convex in front, and is marked by
one or more small holes fmalar foramina),
which give passage to vessels and nerves. It ii

covered above by the integuments and the orbi-
cularis palpebrarum, and below and externally
it gives attachment to the zygomatic muscles.
The temporo-zi/gomatic surface is smooth

and concave below ; and internally tliere is a
rough surface which rests on the malar process
of the upper maxillary : about the centre or to-

wards the upper part of this surface is observed
the internal orifice of a malar canal or a malar
hole. The temporal muscle is attached to this

surface.

The orbitar surface is smpoth, concave, and
is formed upon a plate or bone (the orbitar
process), which stands inwards, and contributes

to the outer wall and floor of the orbit : its op-
posite surface above makes part of the tempo-
ral fossa. On the orbitar surface we observe
the orifice of a malar canal. The orbitar pro-
cess has an irregular summit, which receives

tlie frontal bone ; below, it is articulated with
the outer border of the orbitar plate of the
sphenoid ; in the middle it corresponds to the
extremity of the spheno-maxillary fissure ; and
inferiorly it is united to the outer border of the
orbitar plate of the upper maxillary bone.
Of tlie four borders two are anterior and two

posterior. The anterior superior, or the orbi-

tar, is smooth, concave, and forms the outer
and lower third of the base of the orbit. The
anterior inferior, or the maxillari/, rests upon
the malar process of the upper maxilla from its

extremity to the inferior orbitar foramen. The
posterior superior, or temporal border, is waved
like the letter S, and gives attachment to the

temporal fiiscia. The posterior inferior, or

masseteric border, is thick, and gives attach-

ment to a muscle of the same name. The four

angles are, 1. thick, rough, superior or frontal,

which receives the external angular process of

the frontal bone; 2. the interior or orbitar,

which is pointed ; and, 3. the inferior or malar,

which is round, and forms the extremities of

the maxillary border, and which rests on the

malar process of that bone. The posterior or

zygomatic is cut obliquely from above down-
wards and backwards, and supports the zygo-

matic process of the temporal bone.

Connexions.—The malar is connected with

and locked between four bones, viz. the frontal,

the sphenoid, the upper maxillary, and the

temporal. It contributes to form the orbit, the

temporal, and the zygomatic fossa. It gives

attachment to four muscles, viz. the temporal,

the masseter, and the two zygomatic ; and it

gives passage to malar vessels and nerves.

p 2
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The itructurt is compact, except near its

ii])per and lower angles, where there is some
cancellous tissue.

Devdopement

.

—Its ossification commences
in one piece about the fiftieth day, and is com-
pleted at birth, when the bone appears thicker,

and its orbitar plate larger in proportion than

in the adult : its vertical diameter is, however,

narrow, and the malar holes are large.

The ituaut bones (ossa vusi ; Germ, die

Nasenhcine) form the upper part of the

nose, and are placed between the nasal pro-

cesses of the upper maxillary and below the

frontal bones, inclining from above downwards
and forwards. They have two surfaces, and
their form is quadrilateral, the vertical exceed-

ing the transverse diameter. They are stout

and narrow above, and thin and broader below.

The anterior or cutaneous surface is smooth,

covered by the integuments and pyramidalis

muscle, concave from above downwards, con-

vex transversely. An oblique hole for the

passage of vessels is usually found above the

centre of one or both nasal bones, and some
smaller foramina are scattered over the surface.

The posterior or pituitary surface is concave,

narrow, especially above, and lined by the

olfactory membrane, presenting grooves for

vessels and the internal orifice of the canal (or

hole) mentioned above.

llie borders are four : a superior, short,

thick, dentated, inclined from above down-
wards and backwards, and resting on the nasal

notch of the frontal bone between its two in-

ternal angular processes : the inferior border,

longer than the preceding, thin, jagged, in-

clining from the median line downwards and
outwards, and generally presenting about its

centre a slight notch for the passage for a fila-

ment of the nasal nerve. This border forms

the upper and front part of the anterior opening
of the nasal fossae, and gives attachment to the

lateral cartilages of the nose. The external

border is the longest, and is cut obliquely for

its articulation with the nasal process of the

upper maxillary bone. The internal border is

shorter, thick and rough above, and thin be-
low : it forms, on the inner aspect of the bone,

in conjunction with the corresponding part of

the bone of the opposite side, a ridge and
groove for the reception of the nasal process or

spine of the frontal bone, and for the upper and
anterior border of the perpendicular plate of

the ethmoid.

Connexions.— Tlie nasal bones articulate

with each other, with the frontal, ethmoid, and
upper maxillary bones, and with the lateral

cartilages of tlie nose : they form a part of the

cavity of the nose.

Their structure is cancellous and thick above,

thin and compact below.

Devdopement.—They are perfectly ossified

at birth, when they are proportionally longer

than in the adult, corresponding in this respect

with the depth of the orbit and the smallness of

the anterior aperture of the nose. The ossifica-

tion of each nasal bone commences by a single

point about the beginning of the third month.

The lachrymal bones (ossa unguis v. t-achry-

malia ; Germ, die Thrunenbeine) are qua-

drilateral in form, thin, semitr.insparent, and
are situated on the anterior part of the inner

wall of the orbit between the ethmoid, frontal,

and upper maxillary bones ; they derive one

of their names from the resemblance which
they bear to a finger-nail. Each bone presents

two surfaces and four borders.

The external or orbitar surface is divided at

its anterior third by a vertical crest, terminating

below in a little curved process which forms

the outer wall of the upper orifice of the nasal

canal ; in front of this crest the bone is per-

forated with numerous little holes, and its sur-

face is concave and forms with that of the

nasal process of the upper maxilla the canal

for the lachrymal sac. The posterior part of

this surface is smooth, nearly flat, and is

continuous with that of the os planum of the

ethmoid, which lies immediately behind it.

The internal or ethmoidal surface is rough,

and is divided by a vertical groove, which

corresponds to the crest on the orbitar aspect

of the bone ; the anterior division is convex

and forms part of the middle meatus ; the pos-

terior division is in contact with the ethmoid
and contributes to close its cells.

Of the Jour borders, the superior is the

shortest and thickest ; it is irregular and arti-

culates with the inner border of the orbitar

plate of the os frontis. The inferior is divided

into two parts by the lower extremity of the

crest already described on the anterior surface

of the bone ; in front of this the boitler de-

scends along a tliin process or angle of the

bone, which is articulated with the inferior

turbinated bone, and contributes to form the

inner wall of the canal for the nasal duct

;

behind, this border is broad, and rests on the

inner margin of the orbitar plate of the upper
maxillary bone. The anterior border is slightly

grooved for the reception of the inner margin

of the posterior border of the nasal process

belonging lo the upper maxilla. The posterior

border is thin and articulates with the anterior

edge of tlie os planum. The os unguis has

four angles, of which the anterior inferior is

remarkable for its length.

Connexions.—This bone articulates with the

frontal, the upper maxillary, the ethmoid, and
the inferior turbinated ; it contributes to form

part of the orbit of the cavity of the nose and
of the groove for the lachrymo-nasal duct.

It gives attachment to the reflected portion of

the tendon of the orbicularis palpebrarum,

and to the tendon of the tensor tarsi muscles.

In structure it is thin and compact.

Development.—It is complete at birth, ex-

cept at its posterior superior angle, where there

is a deficiency between it and the frontal and
ethmoid bones, and where a separate piece is

sometimes formed. It is broader from back

to front in proportion, at this period of life,

than in the adult, and its lachrymal groove is

larger. Its ossification commences by a single

point between the third and sixth months.

A small lachrymal bone has been described

as sometimes found at the lower part of the

OS unguis; and not unfrequently some separate
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pieces ar« fouiuJ al iU angles, formed eitlier

from Ihe ethmoid or from the orbitar plate of

the upper maxillary bone.

The inferior turbiniited bones, (osm spongiosa

V. turbinattt injima ; Germ.rfie iinlcrn Muschel-
bfine) of an oval (brm, thin and sjjongy in their

appearance, are placed horizontally along the

lower part of the outer wall of the nasal cavities,

separating the middle from the inferior meatus,
and contributing to increase the surface of the

nose. Kach Ixjne preseiit.s two snrj'uces, two
hortkrs, and two extremities. The internal

surface is rough, convex, and looks towards the

septum of the nose, which it sometimes touches
on one side when that partition incline)! more
tlian usually to the right or left. The external

surface is concave, exhibiting many small
fosste or pits ; it looks towards the upper
maxilla and forms a part of the inferior meatus.
Both surfaces are very irregular or S|X)ngy and
are |)itted by vessels, but e.s|)ecially by veins,

which ramify abundantly upon them. The
inferior border is convex and thick, particu-

larly at its centre, where it descends towards
the Hoor of the nose. The upper border is

thin and irregular, and presents from before
backwards, 1. a thin edge, which is attached
to the inferior turbinated crest on the nasal

process of tlie upi>er maxilla; 2. a process
(t/ie lacliri/tnal) which ascends towards the

curved process of the os unguis, with which and
with the adjacent |>art of the upper jaw-bone it

unites to complete the canal for the nasal duct;
3. some irregular projections (ethmoidal pro-
cesses) which ascend and unite with the
ethmoid ; 4. a thin, curled, dog's-car-looking

process (the auricular or maxilt/iri/ ), which,
descending and overhanging the internal sur-

face of tlie lx)ne, is attached to the lower part

of the opening of the antrum, which it con-
tributes to circumscribe; 5. an edge which is

articulated with the inferior turbinated crest

of the palate-bone. Tlie orifice of the antrum
is situated just above the centre of this border,
and opens consequently into the middle mea-
tus.

The extremities or angles are formed by the
union of the two borders ; the postirior extre-

mity is more pointed than the anterior.

Connexions.— Each inferior turbinated is

united with four other bone*', viz. the upper
maxillary, the lachrymal, the ethmoid, and the
palate. It is covered with the pituitary mem-
brane ; it contributes to enlarge the surface of
the nasal cavity, and to form a part of the
nasal canal and mitldle and lower meatus.

Its structure is compct.
Its development commences at the fifth mouth

by a single point of ossification.

The vomer (Germ, das Pjlugschurbein) is

of a quadrilateral figure, and resembles a
ploughshare; it is a single and symmetrical
bone, situated in the median plane, and forming
the posterior and inferior part of the septum
nasi. It has two lateral surfaces and Jour
borders. The surfaces, whicli are right' and
left, are smooth, Hat, and lined by the pitui-

tary membrane; sometimes, when the bone
inclines much to either side of the nose,

one of these (urfaces is convex and the other
concave; they present an oblique groove or

grooves for the naso-palatme nenes and
vessels.

The superior border (or surface) is broad,

and may be tenned the base of the bone ; it

presents a deep groove in the middle, which
receives the rostrum of tlie sphenoid, and on
each side of this are two plates or laminae

(sometimes called the alic) which are receive<l

into fissures of the S|)henoid on each side

of the rostrum, and which contribute to form a
longitudinal canal for the ethmoidal vessels.

The anterior border is obli<)ue from above
downwards and forwards ; above it presents a

deep groove, which is a continuation of that

on the upi)er border, and which receives the

perpendicular plate of the ethmoid : below,

this border is nearly flat, where it is united tu

the middle cartilage of the nose.

The iti/'erior border is the longest, and is

received into the grooved crest formed by the

united palatine plates of the superior maxillary

and palate bones ; in front this border extends

as far as the anterior nasal spine.

The posterior border, thick above, thin be-

low, is oblique, slightly curved, and forms the

partition between the two posterior openings
of the nose.

Connexions.—Tlie vomer is connected with

four bones, viz. the sphenoid and ethmoid
above, the superior maxillary and palate below

:

it is covered with the pituitary membrane, and
forms, with the perpendicular plate of the

ethmoid and the middle cartilage, the septum
of the nose.

Its structure is compact, and it is formed
of two thin lateral plates, which are distinct

above, but united interiorly.

Its development occurs by a single ossific

point about the third month, and at birth it is

completely ossified.

'Itie OS muxillare inferius (Germ, das untere

Kinnbackenbein, oder der UnterkitJ'er). This
single bone, which alone forms the lower jaw,
occupies the lower and lateral parts of the face;

it is a flat, symmetrical bone, and bears some
resemblance in shape to a horse-shoe. It con-

sists of a middleor horizontal portion (the body),

and of two lateral ascending branches (the rami),

which are connected with the body nearly at

right angles.

The bodi/ is curved, nearly horizontal, in-

clining from before txickwards, and a little

upwards, and presents two surfaces and t%oo

borders.

The anterior surface is convex, and has in

the centre a vertical line (crista mentnlis ex-

terna), which marks the union of the two
halves of which the bone consists in the youni;

subject : this line terminates below in a tri-

angular eminence (the mental process). The
vertical direction of the lower jaw at the sym-
physis, and its curved figure anteriorly, form-

ing what is termed the chin, are both charac-

teristic of the human race. From the angles

of the mental process arises on each side the

external obliijue line, faintly marked in front,

but Ijecoming distinct as it ascends diiq;onally
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along this surface of the bone to terminate at

the anterior border of the ramus of the jaw;
it gives attachment to muscles and separates

the external surface of the bone into two parts,

viz. an anterior superior, which presents, ex-

ternal to the symphysis, 1. a depression (the

J'dssa meiitulis) for the attachment of a muscle;
2. to the outer side of this the mental foramen,
which is directed obliquely upwards and out-

wards; it is the lower orifice of the inferior

dental canal, wliich conveys nerves and vessels

to the teeth of the lower jaw ; 3. a number of
ridges and grooves near the alveolar border of
the jaw, which correspond to the sockets of the

teeth and to the septa which divide them :

tliis part of the bone is covered by the gums.
The surface below and behind the oblique line

is smooth, or only faintly marked with irre-

gular lines for the attachment of the platysma
myoides.
The internal surface of the body of the

lower jaw is concave, and presents in the

median line, at the symphysis, a vertical crest

(crista mentalis interna), which is not so
distinct as the corresponding ridge on the outer
surface of the bone : at its lower extremity is

a tubercle having four summits (the genial
processes, yivsiov, chin, spina interna,) which
give attachment to two pairs of muscles, viz.

the two superior genial processes to the genio-
hyo-glossi, the two inferior to the genio-
hyoidei : below and to the outer side of these

processes, on the lower border of the bone,
are two oval rough depressions, one on each
side of the symphysis, for the attachment of
the anterior bellies of the digastric muscles.
From the genial processes proceeds obliquely
upwards and backwards, to join the anterior

border of the ramus of the jaw, the internal
oblique line, or the mylo-hyoid ridge. It is

distinctly marked and very prominent oppo-
site the last molar tooth ; like the external

oblique line it divides the bone diagonally into
two triangular portions, the anterior of which,
situated above and in front of the ridge,

is smooth, concave, and to the outer side of
the genial piocesses presents a depression
(sublingual fossa) for the reception of the sub-
lingual gland : elsewhere this surface is lined

by the gums, and forms the inner wall of the
alveolar cavities; but it is destitute of the
ridges and depressions which are seen on tlie

outer surface of the bone. The triangular

surface below the oblique line is marked by
numerous small holes for the passage of nu-
tritious vessels, and by a large depression
(the submaxillart/ fossa) for the reception
of the submaxillary gland. The two oblique
maxillary lines which have been just described
divide the body of the jaw into two portions,

one superior or alveolar, the other inferior or

basilar: in the foetus the former predominates
considerably; in the adult they are nearly

equal, and in the edentulous jaw of old age
the body almost entirely consists of the basilar

portion.

The upper or alveolar border forms a lesser

curve than that of the alveolar border of the
superior maxilla ; like it, however, it presents

sockets for the reception of sixteen teeth, which

vary also in form and depth in correspondence

with the fangs of the teeth which they lodge.

Tlie orifices of the sockets, however, take a

direction different from those of the upper jaw,

for while the sockets of the upper incisors look

downwards and forwards, those of the lower

are directed upwards and backwards; and
again the alveoli of the upper canine and
molar teeth look downwards and outwards,

whereas those of the lower are directed up-

wards and inwards : hence, from this different

inclination of the teeth in tlie two jaws, and

from the larger curve described by the alveolar

border of the superior maxilla, we find that

when the mouth is closed the upper front teeth

cover the lower and at the sides overhang

them a little. This arrangement is favourable

to the division and mastication of the food.

The lower border or base is smooth and
thick, and forms a larger curve than the upper,

so that the surfeces of this jaw have an in-

clination from above downwards and forwards:

it forms the oval border of the lower part

of the face, and is the strongest portion of the

bone.

The rami are flat, quadrilateral processes,

which stand up from the body of the jaw at

almost a right angle : in the child and old

person this angle is much more obtuse. Each
ramus presents two surfaces and four borders.

The external or masseteric surface has an
inclination from above downwards and more
or less outwards : it is rough, especially below,

where it presents some irregular oblique ridges

and depressions for the attachment of the

masseter: in front of these marks, near the

lower border of the bone, there is often a

slight groove, which indicates the course of

the facial vessels.

Tlie internal or pterygoid surface is also

rough below for the attachment of the internal

pterygoid muscle. In its centre is the spreading

superior orifice (superior dental foramen) of

the lower dental canal, marked and partly

hidden internally by a spine, which gives

attachment to the internal lateral ligament of

the temporo-maxillary articulation : from this

hole, taking a direction downwards and for-

wards is a groove (the mylo-hi/oid groove),

which lodges the branch of the inferior dental

artery and nerve.

The borders of the rami are, an anterior

or buccal, grooved below, where it corre-

sponds with the alveolar border of the bone ;

the margins of this groove, which are con-

tinuous with the oblique lines of the bone,

unite above and form a sharp convex edge.

Tlie posterior or parotid border is round and
thick above, and narrow below, and is em-
braced by the parotid gland : inferiorly and

internally it gives attachment to the stylo-

maxillaiy ligament. The superior or zygomatic

border is sharp and concave, forming a notch

(the sigmoid notch), which looks upwards.

The inferior border is rounded, and is con-

tinuous with the lower border of the body.

The angles of the lower jaw are formed

by the union of the body and rami ; each
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is turned a little outwards, and in the adult
forms nearly a ritjlit ani;)e; in the infant and
in the old ))erson it is obtuse. Tliis part of
tlie bone is prominent and separates the in-

sertion of the masseter and internal pterygoid
muscles.

On the upper part of each ramus stand
two processes, which are separated by the

sigmoid notch ; the anterior is the coronuUI,

which is of a triangular form, tiattencd laterally,

and sharp in front and behind ; its summit
is somewhat rounded : this process gives at-

tachment to the temporal muscles. The cun-
dyloid process is situated behind the sigmoid
notch, and arises from the ramus by a narrow
neck, which is directed upwards and a little

inwards, swelling above into an oval head
or condyle, that has an articular surface on
its summit. Tliis articular surface is trans-

versely oval, convex, covered in tlie recent

subject with cartilage, and inclines from within
outwards and a little forwards. The condyle,
from the direction of its neck, somewhat over-

hangs the internal surface of the ramus; it

is articulated with the anterior division of the

glenoid cavity of the temporal bone. Tlie
direction and form of its articular surfaces
are calculated to facilitate the rotatory move-
ments of the lower jaw during mastication.
In front the neck of the condyle presents a
depression for the attachment of the external

pterygoid muscle.

Structure.—The lower jaw is formed of two
complete plates, united by cancellous tissue,

which is traversed by a long curved canal (the

interior dental canal), which conveys the

vessels and nerves that supply the teeth. This
canal commences in a groove just above the

superior dental foramen, which is situated on
the internal surface of the ramus ; it then
enters the substance of the bone, taking the

course of the internal oblique line below, and
f)arallel to which it runs as far as the second
>icuspid tooth, where it divides into two
canals, one short and wide, which terminates
on the external surface of the bone at the

inferior dental foramen ; and another smaller
one, which continues onwards as far as the
middle incisor tooth, where it ceases. From
the upper side of this dental canal small tul)cs

arise, which proceed to the alveoli ; they
convey vessels and nerves to the fangs of the
teeth. The situation and size of the denial
canal rary according to the age ofthe individual.

At birth it runs near the lower border of the
bone, and is of considerable magnitude; after the
second dentition it becomes placed just below
the mylo-hyoid ridge ; in the edentulous jaw
it runs along the alveolar border of the bone,
its size is much diminished, and the mental
foramen is found close upon the upper border
of the bone.

Connexions and uses.—The lower jaw is arti-

culated with the temporal bones, and receives

the sixteen inferior teeth. It gives attachment
to fourteen pairs of muscles, viz. the temporal,
the massetcr, the two pterjgoids, the bucci-
nator, the superior constrictor of the pharynx,
the depressor anguli oris, the depressor labii

inferioris, the levator menti, the platysma,
the genio-hyo-glossus, the genio-hyoideus, the
mylo-hyoideus, and the digastric. Four pairs

of ligaments are attathed to it, viz. the external

and the internal lateral ligaments of the tem-
poro-maxlllHry articulation, the pterygo-maxil-
lary (or interinaxiUarj) ligament, and the stylo-

maxillary ligament. It forms the lower |>art

of the face and the cavity of the mouth ; it

protects tlie tongue, salivary gland, and pharynx

;

it differs from the upper jaw and from all the

other bones of the head in its remarkable
mobility ; and it contributes essentially to

mastication as well as to deglutition and
articulation.

Development.—The lower jaw at birth con-
sists of two lateral halves, which are united

vertically in front along the median line by
a piece of cartilage, forming what has been
improperly called a symphysis. A few months
after birth the removal of this cartilage com-
mences, and the two halves of the bone
become united below; but not unfrequently

a Assure remains above for several months.

At this period the alveolar border is, like that

of the upper jaw, very thick, and coiitaiiui

some large irregular cavities which lodge the

first set of teeth. Besides the superior dental

foramen there is found in the fcetus another,

which leads to a temporary canal that supplies

the first set of teeth, and behind the alveoli

of the incisors may be observed a row of holes

which are said to be connected with the de-
velopment of the second set of teeth. Some
authors maintain that each side of the lower
jaw is developed by four separate points of

ossification ; but this assertion wants confirma-

tion. It is certain that this bone is among
those which are the most early developed, and
in the embryo of two months it is already

of considerable size. Its alveolar border is

at first a mere groove, of which the internal

margin is defective, and which gradually be-

comes hollowed into separate sockets as the

teeth are developed. The changes of fonn
which the lower jaw undergoes from birth till

old age depend chiefly upon the development
and decay of the treth. Some of these changes
have been already noticed, and will be found
to correspond with those which occur in the

alveolar border of the upper maxilla ; tlie

varying foi-m and direction of the rami and
angles of the lower jaw we have noticed,

and for the more detailed account of the de-

velopment of this bone as connected witJi

dentition, we refer to the article Teeth.

Of the face in general.— Dimensions.—Tlie

vertical diameter of the face is the greatest,

and extends in front from the nasal eminences

of the frontal bone to the lower border of the

symphysis menti ; this diameter decreases as

we trace it backwards. Tlie transverse dia-

meter is next in length if rae-asured at the

level of the malar bone, where it is most con-

siderable; below and above this it gradually

diminishes. The antero-posterior diameter is

greatest at the level of the cheek-bones, where it

oxtrnds from the cuneiforin process of the occi-

pital bone to tlie anterior nasal sjiinc I'f the upper
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maxilla ; this diameter also diminishes both

above and below, but more especially below,

where it comprises merely the thickness of

the mental portion of the lower jaw.

The bones which form the upper jaw are

united with those of the cranium above by a

very irregular surface ; below they are on a

level with the occipital foramen, and hence

that part of the face which descends below

the cranium is formed exclusively by the lower

jaw.

Tlie area of the face, as presented by a

vertical longitudinal section of the skull, is

of a triangular figure, and forms (the lower

jaw excepted) in the European about one-

fifth of the whole area of the skull ; in the

Negro the area of the face increases in propor-

tion, and forms two-fifths of the whole.

ITie bones of the fece form, when united,

a pyramid with four irregular surfaces or

regions, and presenting a base above, which

is connected with the cranium, an apex below

at the chin.

The anterior surface or facial region presents

many varieties of form and proportion in

different individuals, as well as others more

important, which characterise the various races of

mankind : (see the article Man.) This region

is bounded above by the lower border of the

frontal bone, extended between its two external

angular processes : laterally it is limited by

lines drawn fiom these processes to the anterior

inferior angles of the malar bones : below this

it follows the curve of the malar ridge of the

upper maxilla, and it terminates at the outer

extremity of the base of the lower jaw. This

surface presents from above downwards along

the median line, tlie fronto-nasal suture, which

is continued laterally into the fronto-maxillary

and fronto-ethmoidal sutures, all contributing

to form the common transverse facial suture

which unites the bones of the cranium and

face. Below the fronto-nasal suture the nasal

bones, united by the nasal suture, form the

prominent arch of the nose in conjunction

with the nasal processes of the upper maxillary

bones, with which the ossa nasi articulate on
each side by the naso-maxillary suture. Below
the nasal bones is the anterior orifice of the

nasal fossae, of apyriform shape, narrow above,

broad inferiorly, where it terminates in the

projecting anterior nasal spine : the margins

of this orifice are sharp, and are formed by
the nasal and upper maxillary bones. Below
the nasal spine is the intermaxillary suture,

which terminates on the alveolar border of the

upper jaw between the middle incisor teeth

:

on each side of this suture is the myrtiform

fossa. On the lower jaw is observed, in the

median line, the mental ridge and process,

and on each side of it a depression for muscles.

The facial region presents from above down-
wards, on each side, the aperture or base

of the orbit, of a quadilateral form, and in-

clining from within outwards and a little back-

wards. The margin of this opening is formed

above by the supra-ciliary ridge of the fontal

bone, in which is observed the supra-orbitar

notch or foramen. At the outer extremity of

this ridge is the fronto-jugal suture, uniting

the external angidar process of the frontal

bone with the frontal process of the malar :

below this is the prominence of the cheek

and the curved orbitar border of the malar

bone, forming the outer and lower part of
the margin of the orbit. Internal to this we
find the short orbitar border of the upper
maxillary bone, which presents at its nasal

end the groove for the lachrymal sac. Below
the inferior border of the orbit is the infra-

orbitar foramen, to the outer side of which
is the oblique jugo-maxillary suture, and
below it the canine fossa, bounded exter-

nally by the malar ridge, in front by the

canine ridge and the anterior orifice of the

nose, and below by the alveolar border of
the jaw and by the teeth. On the lower jaw
we find the teeth, the alveolar ridges and
depressions, the mental foramen, and the ex-

ternal oblique line.

The posterior or guttural surface consists

of three parts, two of which, the upper and
lower, are vertical ; the middle is horizontal.

The upper vertical portion presents along the

median line the oblique posterior border of

the vomer, which divides the posterior apertures

of the nasal fossse ; above is the articulation

formed by the base of the vomer and the

sphenoid ; below is the posterior nasal spine

formed by the united palate bones. At the

sides of the vomer are the oval posterior

orifices of the nose, greatest in their vertical

diameter, and bounded superiorly by the

sphenoid and sphenoidal processes of the

palate bones, inferiorly by the palatine plates

of the same bones, internally by the vomer,

and externally by the pterygoid processes. On
the outside of these apertures are placed the

pterygoid fossa;, formed by the pterygoid plates

of the sphenoid and by the pyramidal process

of the palate bone. External to these are the

large zygomatic fossae or spaces, which belong
to the lateral regions of the face.

The horizontal portion of this sui-fece is

oval, concave, rough, and forms the roof of
the mouth, consisting of the palatine plates

of the palate and upper maxillary bones, on
which is seen a crucial suture, formed by the

longitudinal and transverse palatine sutures.

At the posterior and outer angles of this hori-

zontal portion are situated the posterior palatine

canals and the grooves which proceed from

them along the roof of the mouth ; on the

inferior .surface of the palate bones are ridges

and depressions for the attachment of muscles,

while behind the middle incisor teeth is placed

the anterior palatine foramen. At the sides

and in front the palatine arch is bounded by
the alveolar border and teeth of the upper
jaw, behind which descend the pterygoid pro-

cesses of the sphenoid and palate bones.

The inferior vertical division of this region

is formed by the inner surface of the lower jaw
and teeth ; it presents in front, along the

median line, the inner mental ridge, and the

genial processes ; external to these the internal

oblique lines, the sublingual and submaxillary

fossse, the superior dental foramen, its groove
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and process; the condyles and angtes of the

jaw, its alveolar bonier and its base, which
terniinates it below, and near which, at the

chin, are seen the depressions for the digastric

muscles.

The lateral or zygomatic surjiicei on each

side are bounded above by the temporal border

of the malar bone and by the zygomatic arch

;

in front by a line extended vertically from the

external angular process of the frontal bone to

the base of the lower jaw, and behind and
below by the free border of the body and ramus
of the inferior maxilla.

This region presents a superficial and a deep
portion : the former comprises the lateral aspect

of the malar bone, the zygomatic arch, and
the external surface of the ramus of the jaw.

On it we may remark, proceeding from above

downwards, the temporal border of the malar

bone and zygoma, forming the outer boundary
of the temi)oral fossa; the external malar holes,

the zygoma and its suture, which unites the

malar and temporal bones; the inferior or

masseteric border of the zygoma, the sigmoid

notch of the lower jaw and the outer surface of

its ramus, coronoid and condyloid processes

and angle. The deeper division of tliis region

presents the large zygomatic fossa, and is

situated internal to the ramus of the jaw, which
forms its outer boundary, and which must be
removed to expose it completely : this done,

the fossa is brought iiito view, bounded in

front by the posterior surface of the upper jaw
and part of the malar bone ; superiorly by the

inferior surface of the great wing of the sphe-

noid below Its temporal ridge ; at this part of

the fossa are seen the spheno-temporal suture,

the spinous process, and the spinous and oval

foramina of the sphenoid bone. The narrow

inner boundary is formed by the external ptery-

goid plate of the sphenoid ; behind and below

the fossa is open. At the bottom of the zygo-

matic fossa is situated the pterygo-maxillary

fissure, forming the external orifice of the

spheno-maxillary fossa, which is a cavity

situated between the tuberosity of the upper

jaw in front, and the pterygoid process and
palate bone behind : in this fossa are five holes,

viz. three which open into it from behind, the

foramen rotundum, the vidian or pterygoid,

and the pterygo-palatine ; one opening inter-

nally at the upper part ; the spheno-palatine

;

one below, the <ipper orifice of the posterior

palatine canal. Tlie zygomatic fossa presents

also at its upper and anterior part, the spheno-

maxillary fissure, which is directed from within

outwards and forwards, and is formed inter-

nally by the orbitar processes of the palate and
upper maxillary bones, externally by the orbitar

plate of the sphenoid, and at its outer extremity,

which is large, by the malar bone ; it forms a

communication between the orbit and the zygo-

matic fossa. Its inner end joins the sphenoidal

and the pterygo-maxillary fissures, with the

former of which it forms an acute, and with

the latter, a right angle: thus these three

fissures may be considered as branching from

a common centre at the back of the orbit; they

give passage to a number of vessels and nerves,

and establish communications between thecavL
ties of the face and cranium.
The iuperior or cranial region is very irregu-

lar, and is immoveably united to the cranium.
It presents along the median line, from before

backwards, the articulation of the nasal bone,
with the nasal spine of the frontal, the union
of this spine with the perpendicular plate of
the ethmoid, the articulation of this plate with
the vomer, the articulation of the vomer with

the sphenoid.

Along the sides, from witliin outwards, are

seen the arched roof of the nasal fossx formed
in front of the nasal bones, in the middle by
the cribriform plate of the ethmoid, and behind
by the body of the sphenoid. External to these

parts are found the base of the pterygoid process,

the articulation of the palate w-th the body of
the sphenoid bone, the pterygo-palatine canal,

the spheno-palatine foramen ; next the spongy
masses of the ethmoid united behind with the

sphenoid, and anteriorly with the os frontis;

and still more forwards are seen the articula-

tions of this bone with the lachrymal, upper
maxillary, and nasal. To the outer side of
these articulations is the triangular roof of the

orbit, limited externally by the sphenoid and
malar bones and by the sphenoidal fissure.

Next may be observed the orbitar plates of the

sphenoid, forming the greater part of the outer

wall of the orbit, and lastly the zygoma. The
inner border of the orbitar plate of the frontal

bone presents the fronto-lachrymal and the

frontal-ethmoidal sutures ; the outer border the

spheno-frontal and fronto-jugal sutures.

The internal structure of the face appears
to be very complex, presenting several cavities

and divisions which give it at the same time
strength and lightness. The arrangeineiil of
these parts may be understood by observing,

1. tlie perpendicular upturn formed by the

ethmoid and vomer, which divides the upper
part of the face into two equal halves; 2. in

each half three horizontal divisiont, viz. an
upper or frontal, which separates the cranium
from the orbit ; a middle or maxillary, placed

between the orbit and the cavity of the nose,

and an inferior or palatine situated between the

nose and mouth; 3. three outer divisions, viz.

an upper or spheno-jugal, forming the outer
wall of the orbit, and separating that cavity

from the temporal fossa ; a middle, formed by
the maxillary tuberosity which separates the

cavity of the nose from the spheno-maxillary

and zygomatic fosss; an inferior, formed by
the ramus of the jaw ; 4. above and at the

centre the ethmoid and lachrymal bones sejia-

tate the orbits from each other and from the

cavities of the nose.

The principal cavities of the face are the

orbits, the nasal fossa;, and tlie mouth ; and
with these all the rest are more or less con-

nected. These cavities will be described under

the several articles, OnniT, Nose, Mouth.
Mechanism of the face.—^The face forms a

structure which combines both strength and
lightness ; the former quality is owing to the

arched form of its exterior and to the strong

pillars of supports (to be presently described)



218 FACE.

which connect its different parts to each other
and to the cranium. The lightness of the face

depends upon tlie thinness of some of its

bones, and the large cavities which it com-
prises. The two upper maxillary bones form
by their alveolar border and palatine arch a
strong platform, from which ascend five osseous
pillars ; one median, formed by the vomer and
the perpendicular plate of the ethmoid ; two
at the sides of the nose, formed by the nasal

process of the superior maxilla ; and at

the lateral parts of the face two others,

formed by the malar processes of the upper
jaw and the malar bones. All these pillars

connect the upper jaw with the bones of the

cranium, and contribute by their form, strength,

or extent of articulation to resist or diffuse the

concussion of violent blows a|)plied to the face.

The strength of the lower jaw depends upon
its arched form and upon its mobility, but,

from its exposed situation, it is notwithstand-

ing frequently broken.

Development of the face.—The development
of the face consists not merely in its general

increase, but in the relative proportion of its

several parts at different periods of life. As
the face contains the organs of sight, smell,

and taste, together with those of mastication,

we shall not expect to find it much deve-
loped in the foetus and infant while these

parts are scarcely called into action ; accord-

ingly, we observe the vertical diameter of the
face (strictly so called) to be very short, which
is owing to the slight elevation of the ethmoid,
the lachrymal, the upper and the lower maxil-

lai'y bones, consequent on the imperfect deve-

lopment of the nasal cavities, the maxillary

sinuses, and the teeth; see fijf. 131. The

Fig. 131.

orbits, indeed, are remarkably large, but this

depends upon the great development of the

cranium and the breadth of the orbitar plates

of the frontal bones, for in their vertical dia-

meters the orbits are not remarkable at this

period of life.

The transverse diameter of the face in the

foetus is considerable across the orbits, but

below these it is narrower in proportion than in

the adult. Tlie other chief ])eculiarities of the

fottal face are, the small size of the nasal cavi-

ties, the absence of the canine fossae, depend-

ing partly on the small vertical diameter of the

upper jaw, and partly upon the teeth being

still lodged wilhm it; the prominence and
shortness of the alveolar borders of both jaws,

the vertical direction of the symphysis menti,

which even inclines from above downwards
and a little backwards; the remarkable con-

vexity of the maxillary tuberosities, owing to

the teeth being lodged within them ; and the

great obliquity from above downwards and
forwards of the posterior apertures of the nose,
arising from the smallness of the maxillary

sinuses ; the small antero-posterior diameter of
the palatine arch, which depends upon the

same cause; and, finally, the oblique direction

of the rami of the lower jaw : see Jig. 377,
vol. i. p. 742.

In the adult, as the ethmoid and turbinated

bones together with the maxillary sinuses

become developed, the nasal cavities enlarge,

especially in their vertical diameter; above,
they communicate with the frontal sinuses,

which are now fully formed and projecting;

the jaws have become deeper from the protru-

Fig. 132.

sion of the teeth, which cause a considerable

addition to the vertical diameter of the face;

below, the palatine arch has extended back-
wards with tiie development of the maxillary

sinuses, and the posterior apertures of the nose
have become in consequence nearly vertical

:

the rami of the lower jaw form also nearly

a right angle with its body.
In old age the vertical diametf r of the face

decreases in consequence of the loss of the

teeth and the contraction of the alveolar borders

of the jaws, which touch each other when the

mouth is closed; the rami of the jaw resume
the oblique direction of childhood, (Jig. 133;)

Fig. 133.
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and the symphysis inclines firom the shrunken
downwards and forwards to the

mphysis
alveolar border dow
base of the bone, and gives to the cliin the

projecting appearance which is so character-

istic of this period of life.

T/ic articiilatiiins of' the face comprise those

of the upper and that of the lower jaw.
The articulations of the bones of the upper

jaw with each other and witli those of the cra-

nium are all of the kind called suture, but they
])resent considerable variety in the extent, fonn,
and adaptation of their articular surfaces,

'lliose bones of the face which contribute to

form its columns of support, and to which this

part of the head owes its strength and resistance

to violence, have their articular surfaces for the

most part broad and rough, presenting emi-
nences and depressions which are adapted to

those of the contiguous bone ; examples of this

firm articulation are seen, 1. at the anterior

part of the intermaxillary suture, where the two
palatine plates unite and form the horizontal

column or base of the upper jaw; 2. at the

vasal columns, where the nasal bones and tlie

nasal processes of the upper maxilla; unite with
the frontal ; 3. on the sides of the face, or

where the bones form their lateral or malar
columns, viz. at the jugo-maxillary and jugo-
froutal articulations. The spheno-jugal articu-

lation, seen within the orbit, and the zygomatic
or teniporo-jugal, though formed by the union
of comparatively narrow surfaces or borders,

derive strength from their irregularity, and, in

the case of the zygomatic suture, from its in-

dented form, which maintains its security from
vertical blows, as the curved direction of the

zygoma protects it from lateral injury.

Tliose sutures of the face which are, strictly

speaking, harmonic, are such as are not exposed
to any considerable pressure; they present,

nevertheless, some varieties in their mode of
juxta-position. In some the adaptation is

direct, as in the pterygo-palatine. In others

one border or surface is received by another

(schindi/lesis), as in the articulations of the

vomer with the sphenoid above, and with the

groove in the palatine plates of the upper max-
illary and palate bone inferiorly. Sometimes
the surfaces are simply applied against each
other, as the nasal plate of the palate bone on
the nasal surface of the upper maxillary.

Lastly, the edges may alternately overlap each
other, as those of the nasal and upper maxillary

bones.

In all the sutures of the face, whatever may
be the adaptation of the osseous surfaces, we
find interposed a thin layer of cartilage uniting

the contiguous surfaces of the bones. This is

easily shown in some of the sutures by mace-
raiion, and only disappears in places as some
of the bones become united with advancing
age.

The great number of pieces of which the
upper jaw consists, and the varying form and
direction of the sutures, all contribute, with the
figure of the bones themselves, to give strength
to this [lart of the skull, and to break the force
of blows by diffusing them over a widely ex-
tended surface.

Tlie sutures of the face derive their name*
from the bones which contribute to form them;
thus we have between the orbits the fronto-

nasal, fronto-maxillary, and fronto-lachrymal
sutures, all contributing to form part of the
transverse suture. (See Cranium.) Ix>wer
down we find the nasal, the naso-maxillary,
and the lachrymo-maxillary, which turns at
right angles backwards along the inner wall of
the orbit into the ethmoido-maxillary and pa-
lalo-orbitar sutures. On the outer side of the
orbit may be observed tlie frouto-jugal and
spheno-jugal sutures ; on the zygomatic arch
the temporo-jugal suture ; and below the pro-
minence of the cheek, the jugo-maxillary
suture, which is seen both on the anterior and
posterior surface of the upper jaw. On the
roof of the mouth are seen the longitudinal and
the transverse palatine sutures, the former
formed by the intermaxillary in front, and by
the inter-palatine suture behind : the latter is

often termed the transverse or horizontal palato-

maxillary suture. There are some other sutures
within the nose which it is unnecessary to enu-
merate.

The lower jaw articulates with the cranium
by diarthrosis: this important joint will be
particularly described in the article Temporo-
MAXILLARY articulation.
The bones of the face are invested with

periosteum or a fibrous membrane, which is

variously modified and arranged in the orbits,

nose and mouth, &c.

ABNORMAL CONDITIONS OF THE BONES OF
THE FACE.

In the true acephalous foetus the bones
of the face as well as those of the cranium
are of course wanting, but the former are

generally found in what are termed the false

Acephalia (see Abnormal Conditions of
THE Cranium) ; it sometimes happens, not-
withstanding, that the bones of the face are but
imperfectly developed, presenting a variety of
conformations which it is unnecessary to parti-

cularise. The bones of the face, in some cases
alone, and in others in conjunction with those
of the cranium, not unfrequently acquire a de-
gree of development quite disprojwrtionate with
the rest of the skeleton. In Corvisart's Journal
de M^decine the case of a Moor is cited, whose
head and face were so enormous that he could
not stir abroad without being followed by the

populace. It is related that the nose of this

man, who was half an idiot, was four inches

long, and his mouth so large that he would bite

a melon in the proportion that an ordinary per-

son would eat an a|)ple. I have now before

me the skull of a native of Shields, who was
remarkable during life for the length of his

face ; the entire head is large, but the bones of
the face, and particularly the lower jaw, are

enormously long. The abnormal development

of the facial bones generally affects one jaw
only, and more fi-equently the lower, as in the

example just mentioned. Othercases, but they

are much more rare, have been related in

which the lower jaw was disproportionately

small. When, from either of the circumstances
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which have been just mentioned, the develop-
ment of the two jaws is unequal, the corre-

spondence of their alveolar borders is lost, and
mastication becomes in proportion imperfect

:

in raammiferous animals the unequal size of
the lower jaw, by preventing suckling, is often

a cause of death. The bones of the face are

much more symmetrical than those of the cra-

nium, and rarely present the disproportion in

their lateral development which is observed in

the latter.

Under the head of defect or arrest of deve-
lopment may be noticed, 1. the occasional ab-

sence of some of the bones, as for example, the

lachrymal or the vomer; 2. the existence of

fissures, or non-union of the upper maxillary

bones, and, as a more rare case, the separation

of the two halves of the lower jaw. Fi.ssures

of the upper jaw may exist in various degrees,

and may occur with or without a corresponding

cleft in the soft palate and lip ; it may appear
as a mere slit along the middle of the roof of

the mouth, forming a narrow communication
between that cavity and one side of the nose

;

or it may extend along the whole of the pala-

tine arch, and be continuous behind with a

similar division of the soft palate, without, at

the same time, being accompanied with hare-

lip. Sometimes the aperture is very wide, and
the palatine plates of the upper maxillary and
palate bones are almost entirely wanting; in

this case the vomer and middle cartilage of the

nose are also partially or entirely absent ; and
there is both hare-lip and cleft of the soft

palate, so that the mouth, both sides of the

nose, and the pharynx are laid into one great

cavity. When the fissure exists at the anterior

part of the palate only, it almost invariably

occurs at the suture which has been described

between the maxillary and intermaxillary bones,

so that the cleft separates the canine from the

lateral incisor tooth ; when the fissure occurs

on both sides of the face, the four incisor teeth

are separated from the others and lodged in an
alveolar border, which usually in this case

projects more or less towards the lip, in which
there is also commonly a single or double cleft

or hare-lip. Sometimes the fissure occurs in

the intermaxillary bone itself between the lateral

and middle incisor teeth, and then we find a

single incisor on one side and three on the op-

posite : it is very rarely that the cleft exists in

the median line between the two intermaxillary

bones.

Among the aiTCsts of development which
occur in the bones of the face may be enume-
rated a fissure which occasionally extends

across the lower border of the orbit, and a

suture which sometimes divides the os jugum
into two pieces.

The union which not unfrequently takes

place between the bones of the upper jaw by
the obliteration of their sutures, is commonly
the effect of age, and usually occurs between

the bones of the nose, between the vomer and
sphenoid, and between the inferior turbinated

and upper maxillary bones. Wiiiinds and frac-

tures of the bones of the face readily unite.

Those most subject to these injuries are such

as are the most prominent, viz. those of the

nose, cheek, and lower jaw ; the last is the

most frequently broken. The alveolar pro-

cesses and the delicate bones in the orbit and
nose are also liable to injury. The bones of

the face are subject, like the rest, (though not

so commonly as those of the cranium,) to hy-

pertrophy and atrophy. Exostosis appears most
frequently on the upper jaw, in the orbit, or

along the alveolar border on the outer surface

of the bones ; on the lower jaw it is situated

usually along the alveolar border, at the angle

or on the body of the bone. Inflammation of

the periosteum and bones of the face occurs

spontaneously or as the result of injuries or

disease, and presents the usual phenomena.
Abscesses also take place either within the

cancellous structure of the more solid bones,

or in the cavities which they contain ; when
matter forms within the, antrum, it may be
evacuated by extracting the canine or the large

molar tooth, which often projects into this ca-

vity, and then piercing through the bottom of

their sockets. When necrosis affects the bones

of the face, its ravages are seldom repaired (as

in the case of cylindrical bones) by the pro-

duction of new osseous matter ; some attempts

at reparation after the separation of a seques-

trum have been, however, observed in the lower

jaw. Curies, either simple or connected with

syphilitic or strumous disease, may attack

nearly all the bones of the face, but it more
particularly affects the alveolar borders of the

jaws and the delicate bones about the nose and
palate ; it is often attended with partial ne-

crosis. Caries of the face may occur as the re-

sult of malignant ulcerations, of lupus, or of the

various forms of cancer which affect the soft

parts. Both the upper and lower jaw are sub-

ject to osteo-surcomu, commencing either on the

surface or in the interior of the bones, and ac-

quiring sometimes an enormous size, so as to

encroach on the orbit, nose, and mouth, and
materially to impede the motions of the lower

jaw. For these growths and others more sim-

ple, of afibrous or Jibro-curtilaginous structure,

large portions (sometimes amounting to nearly

the whole) of the upper or lower jaw have been
removed with success. Cyst-like tumours, con-
taining a serous fluid, have been found in the

lower jaw. The more intractable diseases of

viedullury surcomu mid fungous growths of va-

rious kinds also attack the bones of the face.

A few cases of hydatids (the acephalo-cystus)

have been met with in the upper jaw.

THE MUSCLES OF THE FACE
are arranged around the orifices of the eyelids,

the nose, and the mouth, and may be divided

into constrictors and dilators of these apertures.

The nostrils, however, undergo but little vari-

ation in their dimensions, being maintained
permanently open by the elastic cartilages

which form them. The eyelids also contain

elastic cartilages, which are moulded upon
the front of the globe over which they glide in

obedience to the muscles which dilate or con-

tract the orifice between them. The mouth,

which is the most mobile of the facial aper-
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tures, is also furnished with its contractor or

sphincter muscle, ami with many dilators

which radiate from it at various angles.

All the muscles of the face are superficially

situated, and most of them are subcutaneous.

In the palpebral regioits, or about the eye-

lids on each side, are placed, 1. a constrictor,

or the orbicularis pulpebruruin, of which the

corrvgutor supercilii is an associate ; 2. the

levator pulpcbrte and the vccipito-J'rontalia,

which are dilators, and antagonists of the two
former muscles.

The orbicularis palpebrurum,Cnato-palpebral,

Chauss.) is a flat oval muscle, situated im-
mediately underneath the skin, to which it

adheres, and covering the base of the orbit

and the superficial surface of the eyelids ; in

the middle it presents a transverse aperture,

which is the orifice of the palpebrte, varying

in size according to the individual, and giving

appaK'ntly a greater or less magnitude to die

globe itself, which, however, is of nearly uni-

form dimensions in diflerent persons. The
orbicularis, like the other sphincter muscles,

consists of concentric fibres, but it is peculiar

in having a fixed tendon on one side, from
which a great part of the fibres arise; this

tendon of the orbictiltiris, or ligamentum pal-

])ebn£, which is situated horizontally at the

inner corner of the eye, is about two and a

half lines in length, and half a line in breadth;

it arises from the anterior border of the lachry-

mal groove in the nasal process of the upper
maxillary bone, and passing horizontally out-

wards in front of the lachrymal sac, divides

into a superior and an inferior slip, which are

attached to the inner extremities of the corres-

ponding eyelids. The tendon at first is flat-

tened anteriorly and posteriorly, but afterwards

becomes twisted so as to present horizontal

surfaces. From its posterior part is detached

a slip of fibres (the reflected tendon of the

orbicularis), which proceeds backwards to-

wards the OS tmguis, and forms the outer wall

of the lachrymal canal.

The tiriifu/aris arises, 1. from the borders

and surfaces of this tendon and from its

reflected slip; 2. from the internal angular

process of the frontal bone and from the fronto-

maxillary suture ; 3. from the nasal process of

the upper maxillary bone ; and, 4. by short

tendinous slips from the inner third of the lower

border of the orbit. From these origins the

upper and lower fibres of the muscle take a
curved direction outwards, tlieir concavity look-

ing towards the aperture of the lids, and fol-

lowing the course of the upper and lower

borders of the orbit, which they overlap,

niey unite at the outer side ; not, however, by
a tendinous raphe or septum, as some have

described, but simply by the mingling of their

fibres. Each half (the upper and lower) of

the orbicularis consists really of two sets of

fibres ; one, which covers the margins of the

orbits, and forms the circumference of the

muscles, is strong, tense, and of the usual

reddish colour ; it arises from tlie direct ten-

don, and from the frontal or upper maxillary

bone. These form the orbicularis properly so

called. The other set, which is prale and thin,

covers the lids and proceeds almost in a hori-
zontal direction outwards from the palpebral
bifurcation of the orbicular tendon : this forms
the ciliary or palpebrales. These two sets of
fibres, as we shall presently see, are distin-

guished as much by their functions as by their

appearance.

ReUitiont.—The superficial surface of that
part of the muscle which covers the lids

(the palpebrales) is connected to the skin bv
delicate loose cellular tissue entirely destitute

of fat. The stronger fibres which form the
outer part of the muscles are closely adherent
to the integument by cellular tissue more
densely woven, and presenting more or less

fat. Fhe posterior surface covers, above, the
lower part of the frontalis and the corrugator
supercilii, with whose fibres it is connected

;

internally the corresponding part of the fibtx>-

cartilages of the lids, the lachrymal sac, and
the inner border of the orbit externally, the
outer border of the orbit and part of the tem-
poral fascia inferiorly, the upper part of the
malar bone, tlie origins of the levator labii

superioris proprius, the part of the levator
labii superioris alseque nasi, and the inferior

border of the orbit. At its circumference this

muscle corresponds, by its upper half, to the
frontal, which it slightly overlaps, and inter-

nally to the border of the pyraraidalis, with
which it is connected; externally it is free.

Below its border is free, covering the origin,

and giving some fibres to the lesser zygomatic

;

and internally it is separated from die levator
labii superioris alxque nasi by cellular tissue,

in which runs the facial vein. The central
fibres cover the palpebral fascia and the lids,

which separate them from the conjunctiva.

Action.—The action of this muscle resem-
bles that of other sphincters, the curved fibres

in contraction approaching the centre ; but as
in the orbicularis palpebrarum these fibres are
fixed at the inner side, it follows that the skin
to which the muscle is attached by its anterior
surface is drawn towards the nose, and when
the muscle is in strong action, becomes cor-
rtigated, presenting folds which converge to-

wards the inner angle of the eye; above, where
the effect of the muscle on the skin is most
marked in consequence of its closer connec-
tion with the integuments, the brow and the
skin of the forehead are drawn down by it

and its associate the corrugator; the lower
fibres when in strong action, draw the cheeks
upwards and inwards. Like the other sphinc-
ters, also, this is a mixed muscle. Those
fibres which may be supposed to be voluntary,

are the larger and outer ones, which corres-

pond to the border of the orbit, and are of a
red colour. The iuvoluntary fibres are those

tliin ones which cover the lids, are of a pale

colour, like the muscles of organic life, and
arise fixim the palpebral subdivisions of the

horizontal tendon. They contract involuntarily

while we are awake, in the action of winking,

and during sleep in maintaining the lids closed;

they also act under the will in closing the

lids, particularly the upper. It appears dien
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that tlie orbicularis maj be divided both ana-

tomically and physiologically into two sets of
fibres; an outer, or orbicularis proper, which is

entirely a voluntary muscle, and an inner

(the palpebralis) which is both voluntary and
involuntary in its action. These fibres may
act independently of each other, for in wink-
ing and during sleep the palpebralis contracts,

while the orbicularis is quiescent ; and the

orbicularis may contract even strongly, as when
we peer with the eyes under the influence of a

strong light, while the fibres of the pal-

pebrales are relaxed. It has been supposed,

however, by some, that during sleep the lid

is closed simply by the weight of the upper
palpebra, and the relaxation of its proper

elevator muscle, but this seems in contra-

diction to the fact that we meet with resistance

in endeavouring to unclose the lids of a sleep-

ing person.

Corrugator supercilii, which is the associate

of the orbicularis palpebrarum, has been al-

ready described, together with the occipito-

frontalis, which is the antagonist of those

muscles. See Cranium, muscles or the,
vol. i. p. 747.

Levator palpebra sup.rioris (orbito-palpe-

brul), though situated within the orbit, is

nevertheless the direct antagonist of the palbe-

bralis, and is therefore properly described with

these muscles of the face. It is a thin trian-

gular muscle, which arises by a narrow slen-

der tendon at the back of the orbit from the

inferior surface of the lesser wing of the sphe-

noid bone, above and in front of the optic

foramen ; from this origin the fibres proceed

almost horizontally forwards under the roof of

the orbit, and gradually spreading and be-

coming thinner as they advance, curve over

the globe of the eye, and are inserted into the

upper border and anterior surface of the upper
lid.

Relations.—Its upper surface is in contact,

behind, with the frontal branch of the ophthal-
mic nerve, which with some cellular tissue

alone separates it from the periosteum of the

roof of the orbit ; anteriorly with cellular tissue

and the jjalpebral fascia, which separate it from
the orbicularis. The lower surface behind rests

upon the superior rectus oculi, with which it

is connected by cellular tissue, and anteriorly

on the conjunctiva and upper lid.

Its action is to raise the upper lid, and to

draw it backwards over the globe and under
the supra-ciliary ridge. There is no separate

muscle to effect the depression of the lower
lid, that action being occasioned, as SirC.
Bell ingeniously suggested, by the protrusion

of the eyeball.

Nasal region.—The muscles of this region,

some of which are common to the upper lip,

are, I. the pyramidalis ; 2. the levator labii

superioris alague nasi; 3. the triangularis

nasi; 4. the depressor altc nasi.

Pyramidalis is situated between the brows,
and may be considered as a prolongation of
the inner fibres of tlie frontalis : it is of a
triangular form ; its base above is continuous
with the fibres of the frontalis ; below it con-

tracts and is inserted into the aponeurotic ex-

pansion of the triangularis nasi. It is sepa-

rated from its fellow slip of the opposite side

by a groove of cellular tissue.

Relations.— Its superficial surface adheres

to the skin ; its deep one rests on the nasal

eminence of the frontal bone, the nasal bones,

and part of the lateral cartilage of the nose.

Use.—If this muscle acts at all on the nose,

it is by drawing up the skin when the occipito-

frontalis is in action. Its more probable use

is to give a fixed point to the frontalis, and to

draw down the inner extremity of the brows

and the skin between them.

Levator labii superioris aheque nasi.—(I',

fig. 134.) This is a thin, long, triangular

Fig. 134.

muscle, placed nearly vertically on each side

of the nose. It arises narrow from the outer

surface of the nasal process of the up|)er max-
illary bone, immediately beneath the tendon
of the orbicularis palpebrarum. It descends
obliquely outwards, becoming broader, and
terminates inferiorly by two slips, an internal

short one, which is attached to the cartilage

of the ala nasi, or to the fibrous membrane
which invests it ; and an outer longer slip,

which is attached to the skin of the upper lip

near the nose, and mingles its fibres with the

transversalis nasi, the levator labii superioris

proprius, and the orbicularis oris.

Relations.—Covered by the skin, and over-

lapped a little above by the orbicularis pal-

pebrarum, this muscle covers the nasal process

of the upper maxillary bone, the triangularis

nasi, and the depressor aloe nasi. Its inner

border above corresponds to the pyramidalis.

Its action is to raise the ala of the nose and
the adjacent part of the upper lip; in so doing
it dilates also the nostril and becomes a muscle
of inspiration. When strongly thrown into

action, it corrugates the skin of the nose trans-

versely.
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Tr'mngulans nasi (Iransversulu nasi, cum-
jiressor miris, Albiii.) (n, Jig. 134), is a very

thin triaiigulur inusole, pluced trjiisversely on
the middle of the side of tlie nose. To expose
its origin, the levators of the upper lip must
be turned aside, and the skin of the nose very

carefully dissected off. Its origin is then seen

as a narrow slip from the inner part of the

canine fossa, below the ala nasi ; from this

point the fibres radiate inwards and upwards,

and expand into a very thin aponeurosis,

which crosses the ala nasi and the lateral car-

tilage of the nose to be confounded along the

median line with that of the opposite muscle,

and with the pyramidalis. Bourgery describes

two other origins, one superficial, attached to

the skin below and to the outside of the ala

nasi, and a middle one crossing and connected

with the fibres of the levator of the upper lip.

Relations.—It is covered at its origin by the

levator labii superioris ala:que nasi, and inter-

nally by the integuments to which it super-

ficially adheres ; it rests on part of the upper
jaw, on the cartilages of the ala, and on the

lateral cartilage.

Its action is yet undetermined by anato-

mists, some considering it a compressor or

constrictor of the nose, others as a dilator or

elevator. Cruveilhier thinks that its action

varies with the form of the ala, which, when
convex, makes it a compressor, when concave

a dilator. Perhaps, as M. Bourgery suggests,

its action depends upon which extremity is

fixed, and that, when its base is fixed, its

superficial fibres dilate the nostrils and draw
the lip upwards and inwards, and that, when
the muscle acts towards its maxillary attach-

ment, it compresses the nostril.

Depressor ata nasi (musculus mi/rtijormis),

(Jig. 134.) To expose this muscle the upper

lip should be reversed, and the mucous mem-
brane divided on each side of the fraenum labii.

It is a short flat muscle, radiating upwards
from the myrtiform fossa of the upper jaw,

where it arises towards the ala of the nose,

into the posterior part of which it is inserted

below and internal to the dilator nasi. This

muscle really consists of two sets of fibres,

one which has been just described, the other

which is in front of this and is attached above

to the ala and septum of the nose, below to

the inner surface of the orbicular fibres. The
first set, or the naso-maxillary fibres, are de-

pressors of the ala and contractors of the

nostrils ; the second, or naso-labial fibres, are

elevators of the upper lip.

Relations.— It is covered by the mucous
membrane of the upper lip, by tlie orbicularis

oris, and by the levator labii superioris ateque

nasi ; it covers the myrtiform fossa of the

upper jaw : its inner border is separated from

its fellow by the frvcnum.

A dilator ala nasi is described by Bourgery

as a little triangular muscle, consisting of

fibres placed underneath the skin lying on the

outside of the ala nasi, from the posterior part

of whose cartilages the fibres arise by a narrow

point, and then radiate upwards, outwards.

Fig. 135.

and downwards, to be mingled with the fibres

of the elevators of the lip, the orbicularis, and
the naso-labial, all being attached to the skin.

This muscle, according to Bourgery, directly

draws the ala outwards, and is consequently a
dilator of the nostril.

The labial region presents in the centre, 1.

a sphincter (the orbicularis oris), with which
are associated two muscles on each side, the

depressor labii superioris and the levator labii

injerioris: all these are contractors or com-
pressors of the lips: 2. a number of anta-

gonist muscles or dilators, which comprise

many muscles, which on each side radiate

from the lips, or from their commissure at

different angles. They are, above, the levator

labii superioris prophus and the zygomaticus
minor; below, the depressor labii inferioris at

the commissure, the buccinator, the levator

anguli oris, and the depressor anguli oris. By
some anatomists the muscles of this region of
the face are divided into, 1. the sphincter,

and, 2. the elevators and depressors of the

lips.

Orbicularis or sphincter oris (labial,Chauss.

and Dum.) (o o. Jig. 134) is a thick oval

muscle, placed transversely around the aper-

ture of the mouth, which varies in size in dif-

ferent persons, but bears no relation to the size

of the buccal cavity. It extends above from
the free border of the upper lip to the nostrils,

and inferiorly from the free border of the lower
lip to the depression above the chin. Its

fibres, arranged in successive layers, consist

of two semi-elliptical halves, one superior, the

other inferior, which are on each side united

externally to the commissure of the lips by
decussating each other, and mingle also at

their circumference with the dilators which are

attached to it. Tliese fibres are concentric,

with their curve towards the lips; the most

central run nearly in a horizontal direction

along the borders of the lips, and take a di-

rection forwards, which gives the prominence

to the lips which is so remarkable in tha

Negro. The outer fibres are more curved,

and receive between their layers the extensors

of the lips, which are attached around them.

This is the only muscle of the face which has

no attachment to bone.

Relations.—^The anterior surface is closely
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connected with the thick skin which covers it.

Tlie posterior surface and free border is covered
with the mucous membrane of the mouth, from
which it is only separated in places by the

labial glands, by the coronary vessels, and by
numerous nerves. Its outer border or circum-
ference receives the antagonist muscles which
are attached around it.

Actions.—Tlie orbicularis enjoys a very va-

ried and extensive motion, and possesses the

remarkable power of either acting as a whole
or in parts. Its simple use is to close the

mouth, in correspondence with the elevation

of the lower jaw, by bringing the red borders

of the lips in contact, or by pressing them to-

gether firmly. But the upper or lower labial

fibres can act separately, or the fibres at either

commissure, or the fibres of one side may con-

tract, while the others are quiescent, so that

different parts of the lips may be moved by
different portions of the muscle, which is made
in this way to antagonize in turn the different

muscles which are attached around.

The lips may be thrown forward by the con-
traction of the labial and commissural fibres

forming in strong action a circular projection,

as in the action of whistling, or, when more
relaxed, in blowing. By the contraction of the

inner labial fibres the lips may, on the contraiy,

be turned inwards so as to cover the teeth. The
play of the mouth, however, which contributes

in so eminent a degree to the expression of the

face, depends not only on the orbicularis, but
upon its association with the different muscles
which are attached around it.

Naso-Uibialis is a small subcutaneous slip of
fibres, only distinctly seen in strong muscular
lips. It is situated on each side of the median
depression of the upper lip, and arises from
the lower septum of the nose at the back part

of the nostril ; it proceeds downwards and out-

wards, and is soon lost in the fibres of the or-

bicularis. It is an elevator of the middle part

of the upper lip, and is considered by some as

an attachment of the orbicularis.

Levator lubii superioris (I', Jig. 134) is a
thin, flat, quadrilateral muscle, situated about
the middle of the face, and nearly on the same
plane with the levator labii superioris alsque
nasi. It arises from the malar and upper
maxillary bones where they form three-fourths

of the lower border of the orbit, by short ten-

dinous slips ; from this origin the fibres, con-
verging a little, take a direction downwards
and inwards, and are inserted partly super-
ficially into the skin of the upper lip, and
partly into the fibres of the orbicularis, between
the insertion of the levator labii superioris

alaeque nasi and the lesser zygomatic, with
which its fibres are partly covered and con-
founded.

Relations.-—Its anterior surface is covered
above by the orbicularis palpebrarum, below
by the skin and by the muscles with which its

fibres are mingled at its insertion. Its posterior

surface covers the infra-orbitar vessels and
nerves at their exit from the infra-orbitar fo-

ramen, which, with some fat and cellular tissue,

separates it from the upper part of the levator

anguli oris. It covers also part of the trian-

gularis nasi.

Its action is to raise and draw a little out-

wards the upper lip.

Zygoiiuiticus minor (3', Jig. 134) is a narrow
rounded muscle, often wanting It arises from
the external surface of the os mala;, and fre-

quently also from the deep fibres of the orbicu-

laris palpebrarum, by which its origin is co-

vered ; it proceeds downwards and inwards,

and is attached to the skin and orbicularis pal-

pebrarum above the commissure of the lips,

where its fibres are also confounded with those

of the levator labii superioris proprius.

liclutions.—This muscle is covered in front

by the orbicularis palpebrarum and skin ; its

jjosterior surface conceals a part of the levator

anguli oris and of the labial vein.

Action.—It is an associate of the levaton

labii superioris, and contributes to raise the

upper lip and draw it a little outwards.

ZygovuUitus major (3, Jig. 134), placed to

the outer side and a little below the preceding

muscle, is of a rounded form, and arises by
short tendinous slips from a depression on the

posterior part of the outer sur&ce of the os
malae, near its lower border. Its fibres proceed

downwards and inwards, nearly parallel with

those of the lesser zygomatic, but much longer;

and expanding a little below, they become con-
founded with the fibres of the orbicularis oris

at their commissure, and with those of the

levator labii superioris, levator anguli oris, and
depiessor anguli oris. Its superficial fibres are

attached to the skin.

Helutions.—This muscle is surrounded by
fat, which separates it from the skin. By its

deep surface it rests above on the os mala; and
the masseter; below, it is separated by fat

from the buccinator and the levator labii supe-
rioris : it crosses also the labial vein.

Its action carries the commissure of the lips

upwards and outwards, and is intermediate

between tlie action of the levator and the buc-
cinator: it is the antagonist of the levator an-
guli oris in drawing the lip outwards ; its

associate in raising it. When both these mus-
cles act, the commissure of the lips is directly

raised.

Levator anguli oris (musculus caninus) : (c.

Jig. 136).—To expose this, the levator labii

superioris must be removed. It is a flat qua-
drilateral muscle, which arises from the middle
of the canine fossa of the upper jaw, and be-
coming somewhat narrower takes a direction

downwards and a little outwards and forwards,

to terminate at the commissure of the lips,

where its fibres mingle with those of tlie orbi-

cularis, the buccinator, and the depressor

anguli oris.

Relations.—Deeply placed above, its ante-

rior surface is covered by the infra-orbitar ves-

sels and nerves, and by fat, which separate it

from the levator labii superioris and the lesser

zygomatic. Below it is covered by the zygo-

maticus major and the integument. The pos-

terior surface of this muscle rests on the upper
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maxillary bone on Uie mucous membrane of

the mouth, and on the buccinator. Its oction

is to ntii^e the commissure of tlic lips, and
draw it a lilth^ inwards. Its action when as-

sociated wiih that of the zygomatics has been
already explained.

Depressor anpitli oris (triiingutaris oris) (t,

Jig- 134) is a thin, triangular, sul)cutancous

muscle, situated at the lower |)art of the face.

It arises by a broad base from the lower border

of the inferior maxilla, and from the surface of

the bone between this border and the external

oblique line, extending from the chin to within

half an inch of the masseter. ITie fibres con-

verge and ascend towards the commissure of

the lips, the posterior fibres taking a direction

upwards and forwards, the middle nearly ver-

tical, and the anterior describing a curve up-
wards and backwards: they all terminate at the

commissure of the lips, where they become
united with those of the orbicularis and of the

buccinator, and more superficially with the

great zygomatic and levator anguli oris.

Relations.-—Its sujierficial surface is covered

by the skin and by the fibres of the platysma,

with which it is mingled. Its deep surface

rests upon part of the depressor labii inferioris

and buccinator : above it is connected with ail

the muscles of the commissure and with the

skin.

Action.—Tliis muscle draws down the angle

of the mouth, and in this respect is the anta-

gonist of the great zygomatic and levator an-

guli oris.

Depressor labii inferioris (quadratus menti),

(d, jig. 136, 137) flat and of a square form, is

placed internal to the preceding, which partly

conceals it. It arises from the inner half of

the external oblique line of the lower jaw, and

also from the platysma, with whose fibres it is

continuous. Its fibres, which are parallel, pro-

ceed upwards and inwards to be attached to

the lip ; the deep fibres mingle with those of

the orbicularis; the superficial pass in front of

that muscle, and are fixed in the skin of the

lip. The inner fibres decussate above with

those of the muscle on the opposite side;

below, with those of the levator menti.

Fig. 136.

Ketutions.— At its origin this muscle is co-
vered by the triangularis, and elsewhere by llie

skin, to which it adheres intimately above. Its

deep surface covers part of the lower jaw, the
mental vessels and nerves, [art of the orbicu-
laris oris and levator menti. Through the an-
gular interval between the two de|)ressors of
the lower lip, the levatores menti pass to their

insertion.

Its action is to draw downwards and out-

wards one side of the lower lip; if the muscles
on both sides act, the lip is drawn downwards
and extended transversely. The stronger ac-

tions of this muscle are usually accompanied
by those of the platysma, with whose fibres,

as we have seen, it is continuous.

Levator menti (houppe du menton) (e, fig.

1 36, 1 37) may be exposed by everting the 1 ip and
dividing the mucous membrane : it is a small

round muscle, situated at the lower part of the

face, and forming on each side a great part of
the prominence of the chin. It arises in the

incisive fossa below the incisor teeth of the

lower jaw, external to the symphysis, and pro-

ceeds downwards and forwards: it |)asses under
the lower border of the orbicularis oris, and
emerging between the depressor labii inferioris,

expands a little to be inserted into the skin of

the chin. Its fibres below are mingled with
fiit ; internally they are confounded with those

of the fellow muscle, and externally with the

fibres of the quadratus menti.

In its action this muscle raises and corru-

gates the chin, and by so doing raises also the

lower lip and throws it forward.

Fig. 137.
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VOL. II.

Bticcinntor (b,Jig. 136, 1 37). This muscle

is situated on the side of the cheek, and to ex-

pose it completely it is necessary to divide the

muscles attached to the angle of the mouth,

and to remove the ramus of the jaw and the

muscle attached to it. The buccinator is a

broad flat muscle, and arises, 1. behind and

in the middle from an aponeurotic line, the

pterygo-maxillary ligament or inter-maxillary

ligament, which is common to it and the su-

perior constrictor of the pharynx, and w'lich is

Q
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extended between the lower extremity of llie

internal jrterygoid p'.ale of tlie splienoid lione

and the posterior extremity of tlie interniil ob-

lique line of the lower. Above, the buccinator

arises, 2. from the outer surface of the upper

alveolar jjrocess, between the first malar tooth

and the tuberosity ; 3. below from the outer

side of the alveolar border opposite the three

last malar teeth. From these three origins the

fibres proceed forwards, the superior curving a

little downwards, the inferior upwards, and
the middle passing horizontally towards the

angle of the mouth, where they mingle with

the fibres of the orbicularis and the elevators

and depressors of the commissure. Tlie infe-

rior and superior fibres become shorter as we
trace them forwards, and some of them decus-

sate at the angle of the mouth to unite with

the oj)posite labial half of the orbicularis.

The fibres of the buccinator are wavy, over-

lapping each other, so that they admit of great

distention, which is, however, limited by a

buccal fascia, which is given off from the

pterygo-maxillary ligament.

Ketutions.—The buccinator is deeply situated

behind, where it is covered by the ramus of

the jaw and the edge of the masseter, from

which it is separated by a quantity of fat,

which projects beyond the mass, fills up the

hollow in front of the masseter, and is always

found even in tliin subjects. In the middle
it corresponds to the buccal vessels and nerves

and to the transverse facial artery, which runs

nearly parallel to its fibres, and to the duct

of the parotid gland, which, resting at first

upon its fibres, pierces thern opposite the

second molar tooth of the upper jaw, and
opens obliquely into the mouth. A buccal

fascia covers the posterior half of the muscle.

At the commissure the buccinator is covered

by the muscles which are attached to the angle

of the mouth, and is crossed at right angles

by the external maxillary artery and vein. By
its internal surface this muscle covers the

mucous membrane of the mouth, from which

it is only separated by a layer of buccal

glands.

Action.—This muscle, being fixed behind,

above, and below, acts principally in front on
the commissure of the lips, which it draws
horizontally backwards, elongating the aperture

of the mouth transversely, and throwing the

cheek into tlie vertical folds which are so re-

markable in old age. In this respect it is

the direct antagonist of the orbicularis oris:

if both these muscles act together, the li|)s are

extended and pressed against the teeth. V\hen

the cavity of the mouth is distended with air

or liquids, this muscle is protruded at the

cheeks, and its fibres become separated and
curved. If now the muscle acts, the fibres

become straightened, and the fluid is expelled

from the mouth either abruptly or gradually

according to the resistance of the orbicularis.

This action of the orbicularis is exemjilified

either in spirting fluids from the mouth, or

in playing on wind instruments. In mastica-

tion the buccinator presses the food from

between the cheek and gums into the cavity

of the mouth. It assists also in deglutition

when the mouth is closed, by pressing the

food backwards towards the pharynx.

Among the muscles of the face, it is ne-

cessary to allude to some parts of the platysma,

which are not only seen in this region, but
which contribute materially to the motion and
expression of the face. The platysma (p,p,p,

fig. 138) is a large, broad, membranous layer of

fibres, which extend from the upper and an-

terior part of the chest, where they commence
in the subcutaneous tissue, upwards over the

anterior and lateral part of tlie neck, to the

jaw and lower part of the face, where they

are inserted above. The whole superficial

surface of the muscle is subcutaneous, but

less firmly attached to the integument just

under the jaw than elsewhere. The under
surface of its cervical portion is in relation

with numerous important parts on the face

:

it covers from before backwards the lower

part of the chin, the quadratus menti, the

triangularis oris, the base of the lower jaw,

the facial vessels, and part of the masseter.

The arrangement of its facial portion is ail

that need be described here.

Fis. 138.

As the tiDies (pi me muscle incline upwards
towards the median line, they meet below the

symphysis of the chin, and some ascend as

high as the levator inenti. Externally the

fibres seem to sjilit to enclose the depressor

anguli oris, and to proceed upwards and for-

wards with that muscle and the quadratus

menti to the lower lip and its angle. The
middle fibres are attached to the base of the

jaw, and posteriorly they mount over the
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angle, and are lost on the fascia of the massetcr.

A oiirious slip crosses these transversely, de-
scending a little from tlie fascia covering the

parotid gland towards the angle of the mouth.
It is the risoriiis Sanlorini, v\hich is, however,
often wanting. 'I'lie platjsma draws down
the whole of the lower |)art of the face, or,

acting more slightly, depresses the lower lip

and the commissure in conjunction with their

proper depressors. The slip called risorius,

on the contrary, raises the angle of the mouth.
The only fiiscia; of the face are, 1. a pal-

pebral fascia, which connects the convex edges
of the tarsal cartilages to the border of the

orbit; and, 2. a buccal fa.scia, which, ex-
tending forward from the intermaxillary liga-

ment, covers the posterior half of the buccinator
muscle : anterior to this it becomes lost in the

surrounding cellular tissue.

General review oj' the musclei of the face.—
With one exception, all the muscles of the

face are attached at one part to bone, and at

another either to the skin or to some other

mu.scle : their fibres are also red and firm at

their fixed attachment, pale and thinner at

their moveable extremity. With the exception
of the orbicularis oris, which is a symmetrical
muscle, all the others are arranged in pairs,

one on each side of the face. Tlie mouth
being the most moveable, has by far the
greatest number grouped around it. It pos-
sesses, 1. a sphincter, the orbicularis oris,

the important action of which on the lips in

suction, respiration, whistling, blowing, and
playing on wind instruments, in sjieech and in

expression, has already been partly spoken of.

The associate of this muscle is the levator

menti. 2. The antagonist of this are, a, the
naso-labialis, the transversalis nasi, the levator

labii siiperioris, both proper and common to

it and the nose, and which raise the upper
lip ; b, the depressor labii inferioris and pla-
tysina, which draw down the lower lip ; r,

the buccinator, which extends the aperture of
the mouth transversely ; d, the zygomatics, the
risorius Santorini, and the levator anguli oris,

which draw the commissure upwards ; and, e,

the depressor anguli oris and platysma, which
draw it downwards.

About the eyes there are on each side, 1

.

a sphincter, the orbicularis palpebrse and pal-

pebralis, with the associate, the corrugator
supercilii ; 2, the dilators, the occipato frontalis

and levator palpcbrse. About the nose there
are, 1, a constrictor, the depressor ala; nasi;

2. the dilators, levator labii superioris alaeque
nasi and the dilator nasi ; 3. the triangularis

nasi, which probably both dilates and contracts

the orifice of the nostrils according to the

attachment, which is fixed.

The muscles of the face, including the

pyramidalis, the levator palpebrae, the naso-
labialis, and the dil.itor alae nasi, are sixteen

pairs in number; if we add the occipito-

frontalis, the corrugator supercilii, and die

platysma, nineteen pairs, and one symmetrical,
the orbicularis oris. Of these, four pairs

belong to the eye, three pairs to the nose, ten
pairs and one single one to the mouth : two

pairs arc common to ilie mouth and the
nose.

'ITie use of the muscles of lite iace v»ith

respect to expression is a subject of so much
interest, and involves so many collateral fads,

that it will be better considered under the

separate article Fhvsiucnouy. It will be
sufficient to observe here that the muscles which
express lively feeling and the gay passions,

such as the occipito-fronlalis, the levator pal-

pebrarum, the levators and dilators of the lip»

and their commissure, do for the most part

either raise or draw the (larts from the median
line; and that those muscles which manifest
the sadder feeling:* and the darker passions,

as the corrugator supercilii, the pyramidalis,

the levator menti, the deprtssors of the lower
lip and its commissure, either depress the

parts or draw them fi-om the median line.

The constant and habitual exercise of either

of these sets of muscles leaves corresponding
permanent folds in the skin, which are in-

dicative of the habitual feelings and passions
of the individual.

T/ie integumentt of theface.—The skin of
the face is, with the exception of some parts,

remarkable for its tenuity, for its abundant
supply of vessels, nen'es, and follicles ; for

the growth of hair, which covers some parts

of it; and for its attachment to the subjacent

muscles. The vascularity of the skin in some
parts is even beautiful, tinting the cheek and
lips, as in the act of blushing, assisting in the

expression of the feelings and passions. The
sui>cutaneous cellular tissue is, in general, very

dense in this region, and is mingled with more
or less fat, except on the eyelids, where it is

loose, delicate, and quite destitute of adipose
tissue. Generally speaking, the skin of the

face is more adherent, and the subjacent cel-

lular tissue is more dense and less fatty, along

the median line than at the lateral parts ; the

nose and lips offer examples of this fact. At
the sides the cellular tissue is looser below,

near the base of the jaw, than higher up on
the cheeks. Most of the muscles are more or

less surrounded with fat, which, however, par-

ticularly abounds on the cheeks and between
the masseter and buccinator muscles.

Vessels of the face.—The arteries are de-

rived chiefly from the external carotid, viz.

1. the external maxillary or the facial artery,

and its branches; 2. branches from the tem-
poral, particularly the transverse facial artery

;

3. branches firom the internal maxillary, more
particularly the infra-orbitar, the buccal, and
the superior and inferior dental arteries; 4.

some arteries which emerge from the orbit and
are derived from the ophthalmic branch of the

internal carotid. These vessels communicate

very freely with each other, and form with

their accomjanying veins an intricate vascular

network over the face. See Carotid Ab-
TERY.
The veins are principally branches of the

external jugular, viz. 1. i\ie facial vein with

its branches, which correspond generally to the

trunk and branches of the facial artery, except

that tlie facial vein is rather more superficial

«2
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and further from the median line than the

artery ; 2. the tninsvti'se J'aciut vein and some
other small branches of the temporal; 3. veins

corresponding to the branches of the internal

maxillary artery already mentioned ; and,

lastly, some veins about the nose and brow,

which are connected with the op/il/itdmic vein

within the orbit. Both arteries and veins are

imbedded in the adipose tissue, and are often

remarkably tortuous, more especially the ar-

teries, in old persons. Their trunks and
branches open in a direction towards the me-
dian line, particularly at the upper part of the

face.

The lymphatics are much more numerous
than those of the cranium, and follow prin-

cipally tlie course of the bloodvessels, and
terminate in the submaxillary and parotid lym-
phatic ganglions ; in their course they traverse

some ganglions, which are situated on the buc-

cinator.

Tlie superficial lymphatics arise from all

parts of the face, and, accompanying the su-

perficial vessels, end in the submaxillary g-an-

glions; some of them traverse the smaller

buccal ganglions.

The deep li/mphotics are situated in the zy-

gomatic and pterygo-maxillary fossse ; they

also accompany the bloodvessels, and ter-

minate in the deep parotid and submaxillary

ganglions.

The ti/mphalic ganglions of the face are prin-

cipally situated along the base of the jaw, and
are termed the submuxillari/ ganglions. ()thers

are placed on the jaw and buccinator, in front

of the masseter (the buccal ganglions), and
follow the facial vessels. Some lymphatic

ganglions are situated underneath the zygoma
(the zygomatic ganglions) ; and others, more
numerous, are placed upon, within, or under-

neath the parotid gland, and are termed the

parotid ganglions. The deep lymphatics of

the orbits, nose, and mouth, will be described

with those cavities.

The tie>~ves of the face are derived fi-om the

three divisions of the fifth and from the portio

dura of the seventh cerebral nerves. The
branches from the fifth emerge on the face,

1 . from the orbit ; these come from the oph-
thalmic or first division of the fifth, and are

the frontal, the supra-trochlear, the infra-

trochlear, and the lachrymal : 2. from the

infra-orbitar foramen escape the infra-orbilar

nerve, from the second division of the fifth or

superior maxillary, and from the same source,

emerging from underneath the ramus of the

jaw, the buccal nerves: 3. from the mental
foramen emerge branches of the inferior den-
tal nerve, derived from the third division of

the fifth or the inferior maxillary ; and from
the same source, piercing the masseter, the

masseteric nerves. The portio dura, after turn-

ing over the posterior border of the lower jaw,

forms a plexus (the pes anserinus) within the

parotid gland, and divides into a great num-
ber of branches, which are distributed on the

face, and which have received various names
corresponding to the regions where they run.

The branches of the fifth nerve which are dis-

tributed to the face principally supply

teguments, and those of the portio uu
the in-

portio (lura the

muscles. Some filaments, however, of the

fifth, such as the buccal branch, derived from

the ganglionous portion, supply muscles; and,

on the other hand, some cutaneous twigs are

sent from the portio dura of the seventh to the

commissure of the lips. Both nerves freely

anastomose with each other on the face. For a

more particular account of these nerves and of

their functions, see Fiith pair of Nerves,
Seventh pair of Cerebral Nerves, and
Physiognomy.
Ahnonnul conditions of the soft parts of the

face.—^The muscles of the face offer nothing

very remarkable in their abnormal conditions ;

like others, they become much developed by
constant exercise, and on the other hand, when
paralytic, they waste and lose both their colour

and consistence; their fibres have been ob-

served occasionally to have degenerated into a

fatty substance, and the trichina spiralis has

also been found among them as among those

of other voluntary muscles.

The bloodvessels of the face are subject to no
anomalies in their coui-se which call for notice

in this place. It may be remarked, however,

that they vary in size in different individuals,

and are sometimes superficially and sometimes

more deeply situated among the soft parts

around ; their tortuosity in old age has already

been adverted to.

Vascular nirvi are not unfrequently found on
the face, in some cases deeply situated within

the cavities or underneath the bones; in others,

and more commonly, they lie superficially in

the skin and subcutaneous tissues. They occur

of the venous, arterial, or mixed kinds. The
first sometimes attain a considerable magni-

tude, as I have witnessed in the case of an old

woman, in whom such a naevus grew on one

cheek and lip, and exceeded in size the whole
face. Such swellings are easily compressed,

and often produce no other inconvenience than

that of their deformity and weight. The arte-

rial nffivus, however, and more especially when
deeply seated, is sometimes a formidable dis-

ease, which may involve all the surrounding

structures and ultimately prove fatal. The cu-

taneous capillaries of the cheeks, and about the

tip and ala; of the nose, often become enlarged

and varicose, presenting a jieculiar appearance,

which is not uncommon in hard drinkers.

The lymphatic glands of the face are particu-

larly liable to inflammation, enlargement, and
suppuration. In scrofula they often form im-

mense swellings along the base of the jaw and

about the parotid gland, sometimes remaining

permanently enlarged, and sometimes suppura-

ting and terminating in abscesses difficult to

heal.

The nerves oftheface are liable to be pressed

upon and irritated by the enlarged glands and

by the tumours in this part of the body. The
face is also subject to a most distressing com-
plaint, termed tic doiilouroux, which may arise

spontaneously or from injury, and which ap-

pears to affect particularly, if not exclusively,

the branches of the fifth pair of nerves, and
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more especially the infra-orbitar. Neuralgia

of the lower part of the face seems, however, in

some instances to follow the course of those

branches of the cervical plexus which proceed
toward this region. Division of the nerves,

though it sometimes checks, seldom cures this

painful affection, for the divided nerves spee-

dily reunite, and the complaint returns ; and
this takes place even after a ]K)rtion of the

nerve has lieen removed. Spasmodic affections

of the face are connected with the branches of

the portio dura : both nerves are of course sub-
ject to palsy.

The celluUir tissue of the face is abundant,
vascular, mingled generally with more or less

fat, and in some places, as on the eyelids, is so

lax as to be peculiarly liable to infiltration

with fluirls. Sometimes it becomes einphi/se-

vmlims, in cases of wounds of the frontal sinuses

and larynx. It is easily affected by erysipelas,

and is the common seat of abscesses, which,

however, as there is no fascia to confine the

matter, rarely attain any considerable size, but
soon make their way towards the surface of the

skin. When, indeed, the pus forms on the

forehead between the muscles and the pericra-

nium, or beneath the fascia covering the j^arotid

gland, or beneath that investing the masscter

and posterior part of the buccinator muscles,

the matter being more confined is longer in

arriving at the surface, and is productive of

more pain than in the former instance. En-
cysted tumours are not unfrequently formed in

this structure of the face.

The skin of the face, from its vascularity and
the almost homogeneous mass which it forms
with the subjacent tissues, readily unites after

incised wounds, and hence the success which
has attended the attempts at reparation of some
parts of this region, such as the nose, cheek,

and lips ; tlie extensibility of the skin also

favours such operations. Punctured and con-
tused wounds of the face are apt to produce

' erysipelas when they afi'ect those parts where
the cellular tissue is most dense, as on the nose
and the prominence of the cheek. Abscesses
are the more common result where the cellular

tissue is looser. The skin of the face becomes
swollen and thickened in some complaints
which attack il, such as scrofula, which produ-
ces enlargement of the lips and nose, and ele-

phantiasis, cancer, and a few other diseases

which affect it more [termanently. It is sub-
ject also to freckles, stains, and discolorations

of various kinds, enlargement, inflammation,

and induration of its follicles; to a variety of
cutaneous eruptions; to ulcerations from scro-

fula, scirrhus, lupus, &c. which frequently

make great ravages not only in the soft parts of
the face, but even in the bones; to tubercles,

warts, tumours, and anomalous growths of
Viirious kinds ; and finally to boils. Its vas-

cularity renders it more liable than in other

parts of the body to receive the impression of
small-pox pustules. Like the bones, the soft

parts of the face are subject to congenital mal-
formation. 1. Its apertures may be closed
more or less firmly ; tliis happens with the eye-
lids, nostrils, and lips. 2. There may be de-

fects of growtli, as fissures in the lips, or hare-

lip, which may be single or double, and exist

alone or in combination with fissures of the

palate. The fissure may vary in depth, some-

times, in the up|)er lip, extending uito one of

the nostrils, and at others only affecting the

border of the lip. Congenital cleft of the lower

lip is very rare, and is never combined witli

fissure of the bone. The nose is sometimes

fissured, presenting no cartilaginous septum,

and but one large orifice or nostril. Occasion-

ally a congenital fissure has been observed in

the cheek. The abnormal conditions of the

teeth, the orbits and their contents, of tlie

lachrymal apparatus, and of the cavities of the

nose and mouth, will be found under tlie seve-

ral articles on these subjects.

For the BIBLIOGRAPHY of thi» article, i«ee

Anatomy (Introduction).
(R. Partridge.)

FASCIA, (in general anatomy,) (Binde,
sehinge Scheide, Flechsenhdute, Germ.) This

term is applied to certain membranous expan-
sions, existing in various regions of the body,

and forming coverings to particular parts.

These expansions are composed either of cellu-

lar tissue, more or less condensed, or of fibrous

tissue, the former being the cellularfasciit, the

latter the aponeuroses or aponeurotic fotcia.

The structure and connexions of a considerable

number of the fascia; are highly interesting, as

well with reference to correct diagnosis and
prognosis in surgical disease, as in regard to

the mode of proceeding in various operations.

1. Cellular fascia.—These are lamella; of

cellular membrane of variable density, some-
times loaded with fat, at other times totally

devoid of it. The best example of this form of

fascia is the layer of cellular membrane which
is immediately subjacent to the subcutaneous

cellular tissue all over the body, and in most
places so intimately connected with it as to be
inseparable ; these in fact form but one mem-
brane, which, although essentially the same
everywhere, yet exhibits characters peculiar

al most to each region of the body ; it is gene-

rally known under the name of the superficial

fascia. Although this fascia is universal, there

are, nevertheless, certain regions where, from

its greater importance, it has been more care-

fully examined than in others, and to which we
may best refer in order to investigate its pecu-

liar characters. Of these regions those of the

abdomen and the neck stand pre-eminent; here

this fascia constitutes a distinct membraniform

expansion, and the principal variety it pre-

sents in different subjects is as regards the

greater or less quantity of fat deposited in it.

Where a tendinous or fibrous expansion does

not lie immediately under it, this fascia sends

processes from its deep surface to invest the

subjacent muscles and other parts ; this is very

manifest in the case of the fascia of the neck ;

and in general it may be stated that the super-

ficial fascia has a more or less intimate connee-

tioii with the proper cellular covering of sub-

jacent organs, whether muscles or tendons.
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The arrangement to which we allude in the

fascia of tlie neck may be satisfactorily traced

from the median line on the anterior surface of
the neck, proceeding outwards on each side.

On the median line the fascire of opposite sides

are intimately united so as to form a dense line,

called by some anatomists linea ulbu cervkalis;

thence on each side the fascia divides into

lamina:, investing the sterno-hyoid and thyroid

muscles, the carotid artery and jugular vein,

the sterno-mastoid, and other muscles; and
thus anatomists come to describe a superficial

and a deep layer of the cervical fascia; the

former being continuous with the superficial

fascia covering the muscles on the anterior

part of the thorax, the latter, intimately con-
nected with all the dee|)-seated structures in

the neck, may be traced outwards behind the

sterno-mastoid muscle, along the posterior edge
of which it becomes again united with the su-

perficial layer ; the fascia, thus re-constructed,

passes through the triangular space which in-

tervenes between the muscle last-named and
the trapezius, and may be traced over that

muscle to become continuous with the superfi-

cial fascia on the back. It is the deep layer

of this fascia which was described by Godman
of Philadelphia* as passing downwards behind
the sternum to be continuous with the fibrous

pericardium. This description has been sub-

sequently confirmed by more than one anato-

mist in France, although denied by Cru-
veilhier, and in this country by Sir Astley

Cooper,f who has described it in the same
manner, apparently without being acquainted

with the previously recorded statements of the

anatomists above referred to ; I may add that

I have myself in many instances proved the

accuracy of Godman's description. The cer-

vical fascia is continuous superiorly with the

superficial fascia on the face; and inferiorly,

besides tracing it into the pectoral region, we
can follow it over the shoulder into the arm.
Tlie cervical fascia, in a great part of its e.\tent,

is not, as the superficial fascia elsewhere, in

intimate connexion with the subcutaneous cel-

lular tissue, but is separated from it on each
side of the neck by the fibres of the platysma
myoides. From this brief account of the cervi-

cal fascia, (we refer for the more particular

description to the article on the surgical ana-

tomy of the Nf.ck,) we learn one characteristic

of the superficial fascia, namely, its continuity

all over the body.

The superficial fascia of the abdomen has
attracted the attention of anatomists and sur-

geons from its coimexion with all herniary

tumours in that region. In its arrangement it is

much less complex than the cervical fascia,

being a uniform membranous expansion spread

over the superficial muscular and aponeurotic

structures of the abomen, continuous on either

side and posteriorly with the superficial fascia

of the lumbar regions, and inferiorly with that

of the inferior extremities. See the description

of it ill the article Abdomen.

• Anatomical Investigations, Philailelph. 1824.

t On the thymus glaiut.

The superficial fascia of the limbs is com-
pletely confounded with the subcutaneous cel-

lular tissue, and wants that condensation by

which on the trunk generally, but particularly

in the neck and abdomen, it is distinguished.

ITiere can be no doubt that the superficial

fascia is no more than condensed cellular mem-
brane, and its variety of appearance in different

regions depends in a great measure upon pecu-

liarities in the motions and arrangement of the

parts contained in those regions, e.g. wherever

the muscles of a part are in very frequent ac-

tion, and at the same time the fascia is com-
pressed between the integument and the mus-
cles, it suffers condensation ; this is conspicuous

in the abdomen, where there is almost incessant

muscular action in consequence of the respi-

ratory movements, and where the weight of the

viscera, thrown forwards in the erect posture,

occasions a considerable pressure upon the an-

terior and lateral portions of the abdominal
parietes. The deposition of adeps to any great

extent is unfavourable to the existence of a
distinct fascia superficialis, which is thereby, as

it were, decomposed, and hence this fascia is

not distinct from the subcutaneous cellular

tissue in those regions where, either habitually

or pretematurally, this substance is largely de-

posited.

The superficial fascia is identified with the

subcutaneous cellular membrane in the cranial

regions, a circumstance which seems attributa-

ble to the firm adhesion of the aponeurotic ex-

pansion of the occipito-frontalis muscle to the

subcutaneous tissue, and also the cutaneous

insertion of other muscles ; to a similar cause

we may ascribe the indistinctness of this fascia

in the face also, as likewise to the great depo-
sition of fat in some parts of this region. In
the pectoral region it is attenuated, and is

more intimately connected with the proper

cellular covering of the great muscles than

with the subcutaneous cellular tissue.

Where the superficial fascia has suffered

condensation to a considerable extent, and
there is a complete absence of adipose sub-
stance, it assumes an appearance which has

given rise to the designation " fibro-cellular,"

in consequence of the existence of thick, white,

and opaque bundles intersecting the membrane
in various directions ; these bundles seem to

be produced by the close application of the

walls of the cells to each other, and the conse-

quent obliteration of their cavities. This, how-
ever, I believe is the nearest approach that the

superficial fascia makes to fibrous membrane
;

and I am strongly disposed to question the

accuracy of Velpeau's assertion, that it is some-
times transformed into the yellow fibrous or into

muscular tissue. The elastic abdominal ex-

pansion, described by Girard, is certainly not

a conversion of the superficial fascia, but of

the muscular aponeurosis.

Among the cellular fascia, Velpeau* de-

scribes a layer of cellular membrane, pretty

uniform in its characters, and in some localities

of great practical importance, and gives it the

* Anat. Chiiurg. t. i. p. 42.
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name fatcia tuperficialii interna. It is in

contact with tlie serous membranes of the prin-

cipal cavities in the body, with those of the

abdomen, thorax, and pelvis in particular; in

the former of which it has attracted most atten-

tion under the denomination of iheJasria pro-

pria. This cellular layer lies between the

serous membrane and the fibrous layer which
lines the parietes of the cavities, as for instance

the fascia transversalis in the abdomen; and
consequently in this last cavity, when any
viscus is |)rotruded, carrying a peritoneal sac

before it, this cellular layer uniformly forms the

immediate investment of the sac, and is there-

fore called fuxia propria, a hernial covering

which every practical surgeon well knows is

often of considerable density and thickness,

and to which indeed is attributable the so-called

thickening of the sac itself.

2. Aponeuroses or aponeurotic foseite.—This

appellation should be confined to those textures

which are purely fibrous, and belong to either

the white fibrous tissue or the yellow. In man,
they belong entirely to the former class, but we
see some interesting examples among the lower
animals, where, while the same characters as to

intimate texture are preserved, they assume a
yellow colour, and exhibit most manifestly the

property of elasticity.

The greatest number of the fibrous aponeu-
roses are coimected with muscular fibres, and
in fact serve as tendons to them, and are de-

scribed as such. Of these we have the best

examples in the fibrous aponeuroses of the ab-
dominal muscles, by which a considerable por-

tion of the paries of this cavity is constructed

of a resisting inelastic material, which is at the

same time under the control and regulation of
muscular fibre. These expansions are com-
jMsed of silvery white parallel fibres, in many
places strengthened by bundles which cross

and interlace with the fibres last named, e. g.

the intercoluninar bands at the apex of tlie ex-
ternal abdominal ring. It is interesting to

notice that in the larger quadrupeds, when the

weight of the viscera is imposed on these

aponeuroses, they are composed of the yellow
elastic fibrous tissue. I have also seen the

fascia lata thus converted.

A second class of these aponeuroses consists

of those which cover the soft parts in particular

regions. In general we find that where there

are many muscles covered, the aponeurosis
sends in processes by which each muscle is

separately invested, these processes being ulti-

mately inserted into the periosteum of the bone.
Thus the fascia lata of the thigh separates by
means of processes prolonged from its deep
surface, the various muscles to which it forms
an external envelope, in such a manner that, if

the muscles be carefully dissected away from a
thigh, without opening the fascia more than is

sufficient for their removal, it will appear to
form a .series of channels in which the muscles
are lodged. A similar arrangement is found in
the leg and foot, and in each of the segments
of tlie upper extremity. The fascia lata has the
peculiarity of being in a great degree influenced
in its tension by a muscle, called from that

office, tensor vagina femorit, and the fWia
which covers the palm of the hand is likewise
governed by the patmaris lungus, the connec-
tion of which, however, with the fa.'Kia seem*
to have reference, not to the functions of tlie

fascia, but to the power of the muscle, in aid

of the other flexors of the wrist ; the fascia: of
the leg and arm too receive the terminal expan-
sion of the tendons of muscles. The strength

of these aponeurotic sheaths is proportionate to

the strength of the muscles they cover ; this is

apparent, by comparing the fasciie of the arm
and of the thigh ; the strength of the latter

greatly exceeds that of the former, and in the

thigh itself the vastus externus muscle is covered
by a portion of the fascia lata, much stronger

tlian those which cover the muscles on it*

posterior and inner aspects.

In a third class of aponeuroses are enume-
rated simple lamellae of fibrous membrane,
which are found for the most part in connexion
with the walls of cavities : such are the fascia

transversalis, connected with the abdomen ; the
fascia iliaca and pelvica, connected witli the
pelvis ; and the fibrous expansion lining the
thorax, which has not received a name.
The aponeurotic fascis are most valuable in

their power of resistance, and thus efficacious

in maintaining organs in their pro{>er situa-

tions ; that they exert a considerable degree of
compression upon the muscles is rendered
evident by the hernia of the muscular fibres

which takes place when an incision is made
into the fascia lata of the thigh ; they thus re-

gulate the combined action of muscles and
render more complete their isolated action. It

is incumbent on the surgeon to remember how
they confine purulent collections and oppose
their progress to the surface, a property which
is likewise obsen-able in the cellular fiiscia,

whose power of resistance is, however, much
less, but their ela.sticity much greater.

Such is a brief notice of the generalities con-
nected with the fasciae of the body ; the situa-

tion, connections, and structure of many of
them are of great interest to the surgical anato-
mist, and will be found fully detailed in the
articles devoted to the surgical anatomy of
the regions. The subject is also very com-
prehensively treated in the following works,
Godinun, Anatomical Investigations, Phila-
delph. 1824 ; Velpeau, Anat. Chirurgicale, t. i.

ed. 2de ; Puillurd, Description complete des
Membranes fibreuses, Par. 1827; Cruveilhter,

Anat. Descript. t. ii. Aponeurologie, Par.

1834 ; Bourgery, Anatomic de I'homme, t. ii.

CR. B. Todd.)

FAT. (oTiaf, wtfiitiii, adeps, pineuedo;
Tr.graisfe; Germ, fell; la].grasso.) Lender

this term we include a variety of animal pro-

ducts which bear a general resemblance to

each other, and to a series of corresponding

substances in the vegetable kingdom ; the fats

of animals being, like the vegetable oils, ternary

compounds of carbon, hydrogen, and oxygen,
and not, apparently in any instance, containing

nitrogen, except as an adventitious or acciden-

tal ingredient.
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Fat is a deposition in the cellular membrane
of certain parts of the body, especially under

the sliin, in tlie omentum, in the region of the

kidneys, and within the cylindrical bones : it

also occurs here and there among the muscles,

and sometimes is accumulated to an extent so

unnatural as to form a species of disease. In

birds it is chiefly seated immediately below the

skin, and in water-fowl it is largely secreted by

the glands of the rump : in the whale and other

warm-blooded inhabitants of the deep, it is

chiefly contained in the head and jaw-bones,

and abundantly interposed between the skin and

the flesh ; in fish it abounds in the liver, as in

the shark, cod, and ling, or is distributed over

the whole body, as in the pilchard, herring, and

sprat.

Various opinions have been entertained re-

specting the formution of fat, and its insolu-

bility in water has led to the idea of its produc-

tion in the places in which it occurs ; but as it

is found in the blood and in some oilier of the

fluids of the body, it is probably partly received

with the food, and partly formed by the process

of secretion. Its remarkable absorption in cer-

tain cases of disease of the chylopoietic viscera,

and of deficiency of proper food, seems to point

it out as a source of nutriment of which the ani-

mal economy may avail itself on emergency ;

and accordingly in cases of emaciation or atro-

phy, it is the first substance which disappears. It

varies in consistency and characters in tlie diffe-

rent tribes of animals, and in the greater num-
ber of amphibia and fishes it is usually liquid at

ordinary temperatures. (See AdiposeTissue.)

The general chemical characters of fat have

been long known, as well as its important pro-

perty of saponification by means of the alkalis

;

but the real nature of the changes which it un-

dergoes in this process, and the essential dis-

tinctive characters of its varieties, were first

satisfactorily investigated by Chevreul,* whose
essay upon the subject has been justly cited as

a model of chemical research. It is chiefly

from this source, and from the abstract of its

contents given by Berzelius,t that we have

taken the following details.

All the varieties of fat are resolvable into

mixtures of stearin and elain, (from oTJaj, suet,

and iXamir, oil,) that is, into a solid and

liquid ; but there are peculiar differences be-

longing to these products in each individual

species, which sometimes seem to depend upon
very trifling causes, and at others to be con-

nected with distinct ultimate composition.

'riicie are two modes by w liich llie stearin and

elain of fat may be separated : the one consists

in subjecting it to pressure, (having ))reviously

softened it by heat, if necessary;) and the other,

by the action of boiling alcohol, which, on

cooling, deposits the stearin, and retains the

elain in solution ; the latter separates on the

addition of water, still however retaining a

little stearin ; they may be ultimately separated

by digestion in cold alcohol, sp. gr. .835, which

* Rccherchcs cliimiques sur les corps gras d'ori-

gtne animate. Paris, 18*23.

t Lchrbuch der Chemic. B. 3 aud 4. Dresden,
1827.

takes up the elain, and leaves it after careful

distillation ; the stearin remains undissolved.

Fat may be separated from its associated

cellular texture, by cutting it into small pieces

and melting it in boiling water ; it collects upon

the surface, and when cold is removed, and

again fused in a water-bath, and strained

through fine cambric. Many varieties of fat,

when dissolved in boiling alcohol and precipi-

tated by water, leave a peculiar and slightly

acid and saline extract in solution, apparently

derived from the enveloping membranes.

1 . The softer kinds of fat are termed lord, of

which hogs-lard furnishes a good example: it is

white, fusible at a temperature between 75°

and 85", and of a specific gravity= about 0.938.

When cooled to 32", and pressed between folds

of bibulous paper, it gives out 62 per cent, of

colourless ehiin, which remains fluid at very

low temperatures, has a sp. gr. =: .915, and is

soluble in less than its weight of boiling alco-

hol, the solution becoming turbid when cooled

to about 140". The residuary stearin is ino-

dorous, hard, and granular: when fused, it

remains liquid at the temperature of 100", but,

on congealing, it rises to 130°, and assumes a

crystalline appearance.

When hog's-lard becomes rancid, a pecu-

liar volatile acid forms in it, which has not been

examined. 100 parts of hog's-lard yield, when
saponified, 94.65 margaric and oleic acid,

which when fused concrete at 150°; and 9. of

glycerine. According to Chevieul's analysis, the

ultimate elements of hog's-lard are

—

Carbon 79.098

Hydrogen 11.146

Oxygen 9.756

100.000

2. Human fat is another species of lard

;

but it differs in different parts of the body. The
fat from the kidney, when melted, is yellow,

inodorous, begins to concrete at 77°, and is

solid at about 60°. It requires 40 parts of

boiling alcohol of 0.841 for solution, and this

deposits stearin as it cools, which, when puri-

fied by pressure between folds of filtering

paper at 77°, is colourless, fusible at 122°, and

may then be cooled down to 105°, before it

concretes ; in the act of concreting its tempera-

ture rises to 120°, and it becomes crystalline,

and soluble in about four parts of boiling alco-

hol, the greater part being deposited in acicular

crystals as the solution cools. The elain of

human fat, obtained by the action of hot water

upon the paper by which it had been absorbed,

is colourless, remains fluid at 40°, and con-

cretes at a lower temperature. Its specific

gravity at 60° is .91 3 ; it is inodorous, and has

a sweetish taste. It is soluble in less than its

weight of boiling alcohol, and the solution be-

comes turbid when cooled to about 62°. 100
parts ofhuman fat yield, when saponified, about

96 of margaric and oleic acids fusible at about

90°, and from 9 to 10 of glycerin.

According to Chevreul, human fat and its

clam are composed as follows :

—
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Carbon
Hydrogen. . .

Oxygen . ,

.

PAT.

. ,. 79.000

... 11.416

. . . 9.584

r.l.Als.

78 566
11.447

9.987

100.000 100.000

3. The fat of beef when melted begins to

concrete at 100": it requires for solution 40
parts o( boiling alcohol, and contains about

three-fourths its weight of stearin, which is

obtained by stirring the melted fat whilst it is

concreting, and then pressing it in woollen

cloths at a temperature of about 95°, by which

the elain is squeezed out, together with a por-

tion of stearin, which is deposited at a lower

temixjrature, for the claiii does not congeal at

32°. The stearin is white, granularly crystal-

line, fusible at 11'2», and may be cooled to lOO"

before it congeals, when its temperature rises to

112". It looks and bums like wax. 100 parts

of alcohol dissolve 15 of this stearin : when
saponified, it yields 0.95 of fat acids, which

fuse at 130°. T\k elain of beef fat is colour-

less and almost inodorous, and soluble in less

than its weight of boiling alcohol. Candles

made of the stearin of this fat, with a small

addition of wax to destroy its brittle and crys-

talline texture, are little inferior to wax candles.

4. Neat's foot oil is obtained by boiling the

lower ends of the shin-bones of the ox, after the

removal of the hair and hoofs, in water. This

oil remains fluid below 32°, and after the sepa-

ration of the stearin, is used for greasing turret-

clocks, which are often so exposed to cold as to

freeze other oils.

5. Goat's tilt is characterized by its peculiar

colour, which seems to depend \ipon tlie pre-

sence of a distinct fatly matter, which, in the

separation of the stearin and elain, is asso-

ciated with the latter, and which Chevreul has

called hircin. When the elain is saponified,

a liquid volatile acid is formed, which may be

separated as follows: four parts of the fat are

made into soap with one of hydrate of potassa

dissolved in four of water : the soap is after-

wards diluted, and decomposed by phosphoric

or tartaric acid, by which the fat acids are sepa-

rated : these are distilled with water, taknig

care that the contents of the retort do not boil

over: the distilled liquid is saturated with

hydrate of baryta, evaporated to dryness, and
decomposed by distillation with sulphuric acid

diluted with its weight of water : the acid is

se])arated in the form of a colourless volatile

oil which floats upon the distilled liquid

;

Chevreul terms it hircic acid: it congeals at

32°: it has the odour of the goat, blended
with that of acetic acid ; it reddens litmus,

dissolves diflicultly in water, and readily in

alcohol : it forms distinct salts with the bases :

the salt of ammonia has a strong hircine

odour : that of potassa is deliquescent, and lliat

of baryta difficultly soluble in water.

6. jMiittun Jut is whiter than that of beef,

and acquires a peculiar odour by exposure to

air ; when melted it begins to concrete at about
100°. It requires 44 parts of boiling alcohol
for solution. Its stearin, when fused, begins

to congeal at 100", and its temperature riset on
solidification to 113°. 100 parts of alcohol
dissolve 16 of it. Its eluin is colourless,

slightly odorous, sp. gr. 0.913, and 80 jrarts of
it are soluble in 100 of boiling alcohol. When
saponified, it yields a very small quantity of
hircic acid. This species of (at, together with
its stearin and elain, ate composed as fol-

lows :

—

FAT. STEAniN. ELAIN.
Carbon 78.996 78.776 79.354
Hydrogen ..11.700 11.770 11.090
Oxygen .... 9.304 9.454 9.556

100.000 100.000 100.000

7. Whale oil, or train oil, (from whale blub-
ber,) sp. gr. .927, when cooled to 32°, deposits
stearin ; the filtered oil is then soluble in 0.82
of boiling alcohol. Aided by heat it dissolves

arsenious acid, oxide of copper, and oxide of
lead ; sulphuric and muriatic acids render the
latter combination turbid, nitric acid tinges it

dark brown with effervescence ; and it is coa-
gulated by potassa and soda. Tliis oil is easily

saponified when mixed with 0.6 its weight of
hydrated potassa, and five parts of water ; the
soap is brown, soluble in water, and when de-
composed by tartaric acid and the sour liquid

distilled, it yields traces of phoeenic acid, also

glycerine, and oleic and margaric, but no
stearic acid : these acids are accompanied by a
greasy substance which has the odour of the
oil. The stearic portion of train oil, when
freed from adhering elain by washing with
weak alcohol,concretes, after having been fused,

at a temperature between 70* and 80°; it is

soluble m 1.8 parts of boiling alcohol, and is

deposited in crystals as it cools, leaving a dark
thick mother-liquor. When saponified, 100
parts yield 85 of margaric and oleic acids, 4 of
a brown substance infusible at 212°, and per-
fectly soluble in boiling alcohol, 7 of bitterish

glycerine, and traces of phoeenic acid.

8. Spermaceti oil, the produce of the sper-
maceti whale,* is lodged in the cartilaginous
cells of a bony cavity on the upper part of the
head ; as it cools, it deposits its peculiar stearic

portion in the form of spermaceti; this sub-
stance is further separated by pressure in wool-
len bags from the oil, and is then washed with
a weak solution of caustic potassa, melted in

boiling water, and strained ; it is commonly
cast into oblong blocks, and if the interior

liquid portion is drawn off when the exterior

has concreted, the cavity exhibits upon its sur-

faces a beautiful crystalline texture. Sperma-
ceti, as it occurs in commerce, is in semi-trans-

parent brittle masses of a foliated fracture, and
soapy to the touch ; it has a slight odour and a
greasy taste, and when long kept becomes yel-

lowish and rancid. Its specific gravity is .943

;

it fuses at about 114°. 100 parts of boiling

alcohol, sp. gr. .823, dissolve 3.5 spemiaceti,

and about 0.9 is deposited on cooling. Wairo
ether dissolves it so copiously, that the solution

concftes on cooling; by the aid of heat, it

* Pbyseter macrocephalus, or Cachalot.
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dissolves in the hi and volatile oils, and is in

part deposited as the solution cools. Alcohol
always extracts a small portion of oil from the

spermaceti of commerce ; as the boiling alco-
holic solution cools, it deposits the purified

spermaceti in white crystalline scales, and in

this state, Chevreul terms it cetinc. Cetine
docs not fuse under 120°; it forms, on cooling,

a lamellar, shining, inodorous, and insipid

mass, which is volatile at high temperatures,
and may be distilled without decomposition.
It burns with a brilliant white flame, and dis-

solves in about four parts of absolute alcohol

;

it is very difficultly saponified ; digested for

several days at a temperature between 120° and
190°, with its weight of caustic potassa and two
parts of water, it yields margarate and oleate of
potassa, and a peculiar fatty matter, which
Chevreul calls ct/ial* and which amounts to

about 10 per cent, of the cetine used. To ob-
tain it in an insulated state the results of
the saponification of cetine are decomposed by
tartaric acid, which separates the margaric and
oleic acid, together with the ethal ; the fat

acids are saturated with hydrate of baryta, and
the resulting mixture well washed with water
to separate all excess of base ; it is then well
dried, and digested in cold alcohol or ether,

which takes up the ethal and leaves the barytic

salts ; the former is then obtained by evapora-
tion of the solvent. Ethal is a solid, transpa-
rent, crystalline, fatty matter, without smell or
taste; wlien melted alone it congeals at 120°
into a crystalline cake ; it is so volatile that it

passes over in vapour wheu distilled with water.

It burns like wax, and is soluble m all propor-
tions in pure alcohol at a temperature below
140°. It readily unites by fusion with fat and
the fat acids, and when pure is not acted upon
by a solution of caustic potassa; but if mixed
with a little soap it then forms a flexible yel-

lowish compound, fusible at about 145°, and
yielding an emulsive hydrate with boiling

water.

The ultimate composition of train oil, sper-

maceti oil, spermaceti, cetine, and ethal, are

shewn in the following tables :

—

TRAIN OIL. SPERMACETI OIL.

Berard. Ure.

Carbon . .

,

.. 76.1 79.0

Hydrogen

.

. 12.4 10.5

Oxygen. .

.

,. 11.5 10.5

100.0 100.0

SPERMACETI. CETINE.
Chevreul.

81.660

12.862
5.478

Jicrard.

Carbon 79.5

Hydrogen.. 11.6

Oxygen .... 8.9

100.0 100.000

• From the first syllables of the words ether and
atcohoL in consequence of a resemblance in ultimate
composition to those liquids.

ETHAL. (Clievreul.)
Atomt. Equivalents. Theory. Exjyfriment.

Carbon.. 17 102 79.69 79.766
Hydrogen 10 18 14.06 13.945
Oxygen. . 1 8 6.25 6.289

128 100.00 100.000

9. Phocenine is a peculiar fatty substance

contained in the oil of certain species of por-

poise ( Delphinus phocenu and globiceps).

When this oil is saponified, it yields margaric
and oleic acid and cetine, and a peculiar vola-

tile acid obtained by a process similar to that

for separating hircic acid, and which has been
termed phocenic acid.* It is a thin, colourless,

strong-smelling oil, of a peculiar acrid, acid,

and aromatic taste; its specific gravity is .932 ;

it does not congeal when cooled down to 14°.

Its boiling point is above 212°. In this state

it is an hydrate, containing 9 per cent, of water,

from which it has not been freed. It is solu-

ble in all proportions in pure alcohol.

The neutral salts of this acid (phocenatesj
are inodorous, but any free acid, even the car-

bonic, in a gentle heat, evolves the odour of the

phocenic acid. Heated in the air they exhale

an aromatic odour, dependent upon the forma-
tion of a peculiar product. By dry distillation

they blacken, evolve olefiant gas and carbonic

acid, and a thin, odorous, yellow oil, insoluble

in potassa. The phocenates of potassa, soda,

and ammonia, are deliquescent ; the phocenate
of baryta forms efflorescent prismatic crystals

;

and that of lime, small acicular prisms. The
neutral phocenate of lead, evaporated in vacuo,

yields flexible lamellar crystals, which are

fusible and easily become basic when heated

;

the subphocenate of lead is diflncultly soluble

and crystallisable, and decomposed by the car-

bonic acid of the air.

According to Chevreul, the anhydrous pho-
cenic acid (as existing in its anhydrous salts)

consists of

Atoms. Equival&Ua, Tlieory. Ex-periment.

Carbon.. 10 60 65.93 6.5.00

Hydrogen 7 7 7.69 8 25
Oxygen . . 3 24 26.38 26.75

1 01 100.00 100.00

And the oily hydrated acid is a compound of
1 atom of dry acid and 1 atom of water, or

91 + 9 = 100.

10. Thefat of birds has been but little exa-
mined ; Clievreul states that the fat of geese

concretes after fusion at about 80" into a gra-

nular mass of the consistency of butter. Ac-
cording to Uraconnot it yields by pressure at

32°, 0.68 of yellowish elain, having the odour
and ta.ste peculiar to this kind of fat, and 0.32
o( stearin, fiisible at 1 10°, and soluble in rather

more than three parts of anhydrous alcohol.

When saponified, it yields margaric and oleic

acid and glycerine.

• The same acid is contained, according to
Chevreul, in the ripe berries of the Vilmrnum upulut.
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Tlie fiit of th« duck and lh« turkii/ nearly

resembles the above.

11. Among insects, peculiar kinds of fat

have been obtained from ant», and from the

cochineul insect. The latter has been examined
by Pelletier and Caventou. (Ann. de Ch. et

Phys. viii. 271.) It is obtained by digesting

bruised cochineal in ether, evaporating and re-

dissolving tlie residue in alcohol, till it remains

upon evaporation in the form of colourless

|)early scales, insipid and inodorous, and fusible

at 104".

12. Under the term adipocere, we have else-

where described a species of fatty matter which
appears to result from the slow decomposition
of fibrine ; and in some diseased states of the

body, a large proportion of tlie flesh occasion-

ally puts on the appearance of fat. Jn the

former case, it has been supposed that the pro-

duct is the fat originally existing in the body,
which, during the pulrefeclion of the other

parts, has become acidified, that is, converted
into inargaric, stearic, and oleic acids ; and
that these acids are more or less saturated by
the ammonia which is at the same time gene-
rated, and by small quantities of lime and
magnesia resulting from the decomposition of
certain salts of those earths pre-existing in the

animal matter. This view of the nature of adi-

jKicere appears so far correct ; but the quantity

of the altered fatty matter which was found in

the cases alluded to, and in others where heaps
of refuse flesh have been exposed to humid pu-
trefaction, is sometimes such as to render it

highly probable that a portion of the fatty

matter is an actual product of the decay, and
not merely an educt or residue.

In regard to the apparent morbid conver-

sion of muscle into fat in the living body,
lierzelius observes that, because the muscles
become white, it has been assumed that they

are actually converted into fet, but that the

appearance depends solely upon the absence
of red blood, for the muscles undei such
circumstances do not lose their power of mo-
tion. The truth is that, in these cases, the

accumulation of fat goes on to such an extent

in the interstitial cellular membrane of the

muscular fibre, as gradually to occasion its

almost entire absorption, and such of the mus-
cles as undergo this change gradually lose

their contractile powers. Two mutton-chops,
which have undergone this change, and in

which the altered muscle and the ordinary ex-

ternal layer of adipose membrane are quite dis-

tinct, are preserved in the Museum of the

College of Surgeons, and there is a printed

pamphlet giving an account of the symptoms
under which the sheep laboured. What may
be the chemical peculiarities of the fat depo-
sited among the fibres, as compared with the

ordinary fat, has not been ascertained.

The above is an enumeration of such of the
varieties of animal fat as have been chemically
examined. In their general characters ihey
closely resemble the corresponding com|X)unds
of the vegetable kingdom ; and, with the excep-
tions specified, the process of saponification
efiects upon them very similar changes : they

are also similarly acted on by tha acids. Some
of them seem to afford distinct products when
subjected to destructive distillation, and during

the decomposition of whale oil for the produc-

tion of carburetted hydrogen for the pur[K>ses

of gas illumination, a variety of binary com-
pounds of hydrogen and carbon, with some
other products, are obtained, the nature of

which has been ably investigated by Professor

Faraday.*

( IV. T. Braade.)

FEMORAL ARTERY (arteria cruralU;

Germ, die Schenkelarterie). The femoral ar-

tery is the main channel through which the

lower extremity is supplied with blood : in an
extended sense it might, with propriety, be
understood to comprehend so much of the

artery of the extremity as is contained within

the tiiigh, intermediate to those of the abdo-

men and the leg; but the variety in the situ-

ation and relations of that vessel in diflereut

stages of its course is so great that it has been

distinguished into two, the proper femoral
and the popliteal ; the former appellation being

applied to so much of the vessel as is situate

in the superior part of the limb, and the latter

to that portion which is contained in the lower,

in the popliteal region. The comparative ex-

tent of the two divisions of the artery differs

considerably, the femoral predominating much
in this respect, and occupying two-thirds of
the diigh, while the popliteal occupies but one;

hence the particular extent of each may be
exactly defined by dividing the thigh, longi-

tudinally, into three equal parts, of which the

two su|)erior will appertain to the former, and
the inferior to the latter.

The proper femoral artery, then, engages

the two superior thirds of the main artery of
ttie thigh, continued from the external iliac

artery above, and into the popliteal below. It

emerges from beneath Poupart's ligament into

the thigh, external to the femoral vein, and on
the outside of the ilio-peclineal eminence of

the OS innuminatum, and it passes into the

popliteal region below through an aperture cir-

cumscribed by the tendons of the adductor

magnus and vastus internus mus<;les. Its

course is oblique from above downward, and
from befjre backward, corresponding to a line

reaching from a point midway between the

anterior superior spinous process of the ilium,

and tlie symphysis pubis ujioii the front of the

limb above, to another midway lietween the

two condyles of tlie femur, on the posterior

aspect of the bone below. Its mean direction

is straight, or nearly so, corresponding to the

line which has been mentioned, or, according

to Ilarrison,t to a line drawn from the centre

of Poupart's ligament to the inner edge of the

patella; but its course is, for the most part,

more or less serpentine, the vessel forming as

it descends curvatures directed inward and

outward. The presence and degree of these

curvatures, however, are influenced very much

» Phil. Trans. 1825.

t Surgical .Inalomy of the Arlcriu, vol, ii.

p. 137.
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by the state of the vessel and by tlie positiou of
tlie limb ; when the artery is empty, tliey are

less marked than when it is full ; and when
the limb is extended, they are removed ; when
flexed, they are reproduced ; while in some
subjects again, they appear to be absent, the

Ime of the vessels course being almost direct.

The degree to which the artery passes back-
ward is not equally great at all parts of its

course: in its upper half, i.e. from Poupart's

ligament until it lies upon the adductor longus

muscle, tlie vessel inclines much more back-
ward than in the remainder, and at the same
time describes a curve concave forward, but

both the latter particulars are more remarkable

when the thigh is flexed, and in thin subjects,

than when the limb is extended and in sub-

jects which are in good condition ; in the last

case the vessel is supported and held forward

by the deep fat of the groin situate behind it.

In its lower half the artery inclines less back-

ward, being supported by the muscles against

which it rests.

The femoral artery is also described as in-

clining inward * during its descent ; but this

statement requires correction, or at least ex-

planation. The vessel certainly does incline

inward at some parts of its course, and for the

most part it does so as it descends from the

OS innominatum into the inguinal space, form-

ing thereby the curvatures which have been
mentioned ; but the general direction of it is

either slightly outward, or at the most directly

downward, not inward : the opinion that it is

inward has arisen, it is to be supposed, from

a partial view of its course, which, in conse-

quence of its serpentine direction, is likely to

mislead, and is at variance with that of the

popliteal artery, (the lower part of the same
vessel,) which is decidedly outward. In order

to be assured of the true direction of the

vessel, the writer has tested it carefully by
means of the plumb-line, and he has always

found that it inclined somewhat outward from

the perpendicular : the degree, however, to

which the proper femoral artery does so, is not

considerable, though sufficient to place the

matter beyond doubt.

It is to be borne in mind that, in determin-

ing the direction of the vessel's course, the

limb must be placed in the bearing which it

holds naturally in the erect posture, inasmuch
as an inclination to either side will influence

materially the direction of the artery : thus an

inclination of the limb inward will at once
give it the same tendency, and render it spiral,

both which conditions are removed by placing

the limb in its ordinary position.

In consequence of the course which the

vessel pursues, and of the oblique jiosition of

the femur conjointly, the femoral and popliteal

arteries hold very dilferent relations to the shaft

of that bone ; the former, in the first stage of

its course, being in a plane anterior to the

femur, and in the middle of the limb being

upon its inside ; while the latter is situate be-

hind the bone, and at the inferior part of the

• Boyer, Cloquct, Harrison.

popliteal region corresponds to the axis of its

shaft: hence the artery is said* to pass some-
what in a spiral manner in reference to the
thigh bone; but this is incorrect, the spiral

course being only apparent and resulting from
the combined effect of the obliquity of the

artery itself backward and outward, and of the
shaft of the femur inward and forward : tliat

this is so may be satisfiictorily shewn by the
application of the plumb-line to the course of
the artery, upon the different aspects of the
limb; from which it will appear that, allow-
ance being made for the serpentine deviations

already adverted to, the general course of the

vessel is, quam pi-oxmi, straight, and that it

cannot, at all with propriety, be said to be
spiral, this being not a real but an apparent
direction, the result of the circumstances which
have been mentioned.
The point at which the femoral artery com-

mences is referred by most writers to Poupart's
ligament; this method of demarcation is at-

tended with the inconvenience, that during life

the exact situation of the ligament is difficult

to determine, inasmuch as it does not run
direct from one attachment to the other, and
that in dissection its position is immediately
altered on the division of its connections with
the adjoining fascia? : hence the student, not
having a fixed point of reference, is of\en at a
loss to distinguish between the iliac and femo-
ral arteries, and mistakes affecting the relations

of the most important branches of those vessels

are liable to be made. For those reasons it

appears to me that it would be much pre-

ferable to select some fixed and unchanging
pomt to which to refer the commencement of
the artery ; and for this purpose I would
suggest the ilio-pectineal eminence of the os
innominatum, which, to the student at least,

if not to the practical surgeon, will afford an
unerring guide to the distinction of the one
vessel from the other; the femoral artery, at

its entrance into the thigh, being situate im-
mediately external to the inferior part of that

prominence,! with which point the middle of
the line connecting the anterior superior spi-

nous process of the ilium and the symphysis
of the pubis will also be found to correspond.
The precise situation of the vessel is referred

by some to the centre of Poupart's ligament,
or a point midway between the anterior supe-
rior spinous process of the ilium and the

spinous process of the pubes ; by others to a
point midway between the spinous process of
the ilium and the symphysis of the pubes.
With regard to this question it is to be ob-
served tlial the relation of the artery to the
points between which it is situate is not strictly

the same in all instances ; that in some it will

be found to correspond to the former, and in
others to the latter account; but that the latter

relation appears to prevail in so much the
greater number, that it ought to be adopted as
the rule. According to Velpeau it is distant

two inches and a quarter from the spinous pro-

* Harrison, op. cit. p. 137.

t This point will be discussed again.
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cess of the pubes, and from two and a half to

two and three quarters from the superior an-

terior spinous process of the ilium.

Tlie femoral artery is attended through its

entire course by the femoral vein, the two
vessels lying in apjiosition and inclosed within

a (ibro-cellular investment, to which the ap-

pellation /eiiKiral sliatlh will be applied. It

IS also related to the crural nerve or its branches,

and it is contained, together with the vein, in

a canal of fascia, which will be denominated
the femoral canal.

It is necessary to dwell here, for a little,

upon the distinction between the two appel-

lations /t'wio™/ ran«/ anA femoral sheath, that

a confusion of the one with the other may not

arise. The vessels have in fact, throughout

their course, two distinct sheaths, which may
be considered peculiar to them, contained the

one within the other: the external is formed
by the fascia lata in a manner to be presently

explained, and is in all respects analogous to

the canal furnished by the cervical fascia to

the carotid artery and jugular vein. This outer

sheath, which many may regard as the sheath

of the vessels, extends from Poupart's liga-

ment to the aperture by which they escape into

the popliteal region, and will, for reasons

which will appear more fully by-and-bye, be
here called the femoral canal, llie second or

internal sheath is situate within the former,

is of variable thickness, according to the point

at which it may be examined, being for the

most part very thin; adheres in general closely

to the vessels, m which particular it differs from
the outer one, within which they are com-
paratively free ; and not only covers, but also

separates them by a thin internal process,

which by its density and intimate adhesion to

the vessels connects them straitly to each

other; it is further not confined, as the other is,

to the vessels, while called femoral, but is

prolonged ii)X)n them into the popliteal region,

where in like manner it invests and connects

them : to this investment the denomination

J'emoriil sheath will be applied. A distinction

between the two structures is necessary in a

description of the relations of the femoral

artery, were it only to mark their existence,

but that which I have adopted is rendered

imperative by the use already made of the

latter apix;llation with reference to the anatomy
of hernia, in the history of which it is ap-

plied not to the canal as formed by the

fascia lata, but to tliat, through which the

femoral vessels escape from the abdomen, and
as formed by the fasciae transversalis and
iliaca; and the prolongation of the former of

these two fascia- being, in my opinion, con-

tinued into the internal and immediate in-

vestment of the vessels, it has appeared to me
justifiable to extend the signification of the

\.\\\e J'cmoral sheath, and to apply it to that

investment throughout their entire course, as

well below as above the saphenic opening of

the fascia lata; while his application of the

former appellation, femoral canal, is sanc-
tioned by Clociuet, by whom it is used in the

same sense.

Ikside those which have been already
mentioned, the femoral artery has also,
during its course, the following general re-

lations :—posteriorly it corresponds in suc-
cession to the psoas magnus, the pectinalis,

the adductor brevis, adductor longus and ad-
ductor magnus muscles; anteriorly it is, in
the first part of its course, not covered by
any muscle and is comparatively superficial

;

and through the remainder and more exten-
sive [xjrtion it is covered by the sartorius.

Externally it corresponds to the psoas and
iliacus, to the sartorius, the rectus, and lastly

to the vastus internus muscles ; the latter of
which is interposed between it and the inside
of the femur : internally it corresponds to
the j)ectinalis and the adductor longus mus-
cles ; and lastly it is overlapped by the sar-

torius.

It is contained, through its upper half, in

the inguinal region. This region is of a
triangular prismatic form, the base of the
triangle represented by it being above formed
by Poupart's ligament, or by a line connecting
the anterior superior spinous process of the
ilium and the symphysis pubis; its apex
below by the meeting of tne sartorius and
the adductor longus muscles. The sides of
the prism are external and internal, inclined,

the former backward and inward, the latter

backward and outward, and meeting each
other along the internal and posterior side
of the femur ; they are formed, the external
by the iliacus and psoas, the rectus, the vastus
internus and the sartorius muscles, and the
internal by the pectinalis and the adductors.
The base of the prism is in front, consistinj^

of the coverings of the space. During its

descent from the os innominatum into the
inguinal region, the artery generally inclines
inward, describing a curve convex out-
ward ; and hence, as it seems to me, the
entire course of the vessel has been assumed
to be inward ; but this first curve, when
present, is soon compensated by another in
the opposite direction. In its lower half the
artery is enclosed between muscles, the vastus
internus upon its outside, the adductors longus
and magnus behind it, and the sartorius in
front.

Tlie course of the femoral artery may be
advantageously divided into three parts or
stages, to be distinguished as first, second,
and third, or as superior, middle, and inferior

thirds ; in each of which will be found such
peculiarities in the relations of the vessel as
will justify the number of subdivisions. TTiey
may be defined with sufficient precision by
dividing the two superior thirds of the thigh

into three equal parts, and they will occupy
each, according to the stature, from three to

five inches.

The superior stage reaches from Poupart's
ligament to the point at which the artery

is first covered by the sartorius : during this,

its upper third, the vessel is not covered by
muscle, except at its termination, where it

is overlapped by the inner margin of the
sartorius : it is therefore comparatively super-
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ficial, and its pulsations can he felt during
life with greater or less facility accordino to

circumstances, to be explained. It has, how-
ever, four structures interposed between it and
the surface, and forming its coverings; viz.

the skin, the subcutaneous cellulai stratum,

the anterior wall of the femoral canal, and the

prolongation of the fascia transversalis or the

femoral sheath.

The subcutaneous cellular structure pre-

sents a remarkable difference according to the

condition of the subject or certain other cir-

cumstances. When the body is devoid of
fat or emaciated, this structiue appears a thin,

condensed, dry and lamelliform stratum, con-
tinued from the abdomen downward upon the

lower extremity, and generally denominated
the superficial fascia of the thigh ; but when,
on the contrary, the body is in good condition,

and the quantity of superficial adeps is con-
siderable, the appearance of a membranous
expansion is removed, and in its stead a
thick and uniform stratum of fat is found in-

terposed between the skin and the fascia lata.

In other cases presentmg a medium condition,

the stratum of fat and the membranous expan-
sion may be both observed : in such case the

former is generally superficial, and the latter

underneath ; but when the accumulation of
adeps in the subcutaneous structure is more
considerable, e. g. in the healthy infant or in

many adults, particularly among females, no
trace of superficial fascia is to be found. So
much for the varieties which the subcutaneous
cellular structure presents naturally. It is

also found frequently in abnormal conditions

deserving of attention : at times it is divisible

to a greater or less extent into a succession of

expansions, having each the appearances of
fasciae and being of indeterminate number

:

this disposition, which occurs not unfrequently,

and is of considerable importance in a practical

point of view, appears due to the influence

of pressure exerted by tumours, e. g. that of

hernia. Again, in anasarca the subcutaneous
structure becomes greatly increased in depth,

and loses all appearance of membrane, seeming
then a deep gelatinous stratum, consisting of
the cellular structure and the effused serum.

The depth, therefore, of the femoral artery

from the surface, and the number of coverings

which it may have in individual cases, must
be materially influenced by those several con-

ditions of the subcutaneous cellular structure

when present, and they should never be lost

sight of; else uncertainty and embarrassment

must arise in the conduct of operations. It

is further to be borne in mind that the account

of the coverings of the artery given in this

description has reference to the natural and
most simple arrangement of those structures.

The subcutaneous structure also encloses within

it the superficial vessels, nerves, and glands,

the relation of some of which to the artery

requires notice. The superficial vessels are

the saphena vein, the superficial femoral veins,

and those veins and arteries by which the

inguinal glands are supplied.

The saphena vein ascends, from the inner and

back part of the knee, aiong the inner and an-

terior as|)ecls of the thigh to its upper extre-

mity, where it joins the femoral vein upon
its anterior and internal side, at the distance

of from one inch to an inch and a half below
Poupart's ligament. During its ascent the

vein passes forward and outward, and is situate

internal to the femoral artery : at the lower

extremity of the middle third of the thigh,

(the point at which the artery is about to pass

into the ham,) it is placed superficial to the

vessel, between it and the internal surface of

the limb, near to the inner, or at tliis part the

posterior margin of the sartorius muscle ; but
as the vein ascends, the distance between the

vessels increases, partly because of the greater

width of the thigh at its upper part, and
partly beciiuse the course of the vein describes

a curve convex inward ; and at the termination

of the latter it amounts to the width of the

femoral vein or somewhat more ; lower down
it is still greater in consequence of the curve

formed by the saphena. Hence, in operations

upon the superior part of the artery, the

saphena ought to be exempt from danger

;

while at the lower part it must be very much
exposed, if the inner margin of the sartorius

be cut upon as the guide to the vessel.

The superficial femoral veins next claim

attention : they are very irregular in their

course and destination, and therefore are the

more likely to prove a source of embarrass-

ment in operation. They are smaller than the

saphena, but yet are in many cases of con-

siderable size : they present, according to the

subject, two dispositions ; either they join

the saphena durinj its ascent at variable points

in the course of the thigh, and in such case

cross the limb and the artery obliquely from
without inward, at different heights ; or they

form one or two considerable vessels, which
ascend external to the saphena, and open into

the femoral vein in front, at the same time
with the former vessel, passing through the

superficial lamina of the fascia lata in the

same manner as it does. When there are

two such veins, the inner one is generally

situate internal to the artery, between it and
the saphena, and consequently very near to

it ; while the external one, or the vein, if

there be but one, runs upward and inw.ird,

and crosses the artery in its upper third,

between the point at which the saphena joins

the femoral vein and that at which the artery

is overlapped by the sartorius : the last-de-

scribed vein, when present, must obviously

be much endangered i'l exposing the femoral

artery at this part of its coarse, and perhaps
is the vessel which has given rise to the idea

that the saphena itself may be encountered in

cutting upon the artery in this situation.

The superficial inguinal glands are distin-

guished into two sets, a superior and an in-

ferior: those of the former are more numerous,
and nearer to the integuments than the latter.

They are ranged immediately below Pou]}art's

ligament, having their longer diameter parallel

to it, and in greatest number superficial to

that part of the iliac portion of the fascia lata,
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wliici) a called il8 cribriform portion, and
over tlic course of the femoral artery, across

wliitli they are placed obliquely : lliey are

separated from the vessel by tlie superficial

lainuia of the iliac jiortion of the fascia, and
by the prolongation of the fascia transvcrsalis,

with the interposed cellular structure ; and
they derive numerous arterial and venous
branches from the main trunks beneath : those

branches, which are given off jwnly by the

vessels themselves, and partly by their super-

ficial pudic, superficial epigastric, and su-

perficial anterior iliac branches, pass through

the interposed structures in order to reach

tlie glands ; in doing so they carry with them
sheadis from the fascia lata, which is prolonged

upon each as it escapes, and thus they become
tlie means of establishing that connection be-

tween the fascia in the groin and the subcu-

taneous stratum, in which the glands are

envelo[>t'd, which is considered lo influence

so remarkably the course of femoral hernia.

The glands of the second set are less nu-
merous, are situate farther from Poupart's

ligament than the former, being below the

entrance of the saphena ; they are also deeper

seated, lying upon the fascia lata, and they

are placed with their longer diameter parallel,

or nearly so, to the femur and to the course

of the artery. Their relation to the artery is

not in all cases the same, inasmuch as the

disposition of neither j>art is strictly uniform,

but usually one or two of them lie over the

vessel, or immediately on either side of its

course; their relation to it, however, is, in

the natural condition of the parts, not of great

consequence; for in such case they may be
easily held aside during operation if necessary,

and thus both they and their lymphatic vessels

be saved from injury.

The relation of the inguinal glands, more
particularly the superior, to the femoral artery

suggests several inferences. 1st, That the

very commencement of the artery's course,

altliough the situation in which the vessel is

nearest to the surface, and that in which it

can be most easily distinguished by its pulsa-

tion, is yet not the most eligible part at which
to expose it, since the glands and their vessels

cannot, by any precaution of the surgeon, be
protected certainly from injury. 2dly, That
phagedenic ulceration of the glands of the

groin must be attended with great danger from
the vicinity of the great vessels. 3dly, lliat

hemorrhage consequent upon such ulceration

does not necessarily proceed from those vessels

themselves ; but that it may, and in the ma-
jority of cases in the first instance probably
does arise from the branches supplying the

glands ; and, 4lh, That the groin is likely to be
the seat of pulsating tumours requiring to be
distinguished from aneurism.

llie third covering of the artery is the

superficial lamina of the iliac portion of the
fiiscia lata. This portion having covered the an-
terior surface of the iliacus and psoas muscles
as far as the middle of I'oupart's ligament,
along which it is attached from without inward,
divides at that point into two lamina, a deep

one and a superficial one ; the former |>assc«

inward and Ifackward from the liganici't, upon
the psoas muscle, to the ilio-|)ectineal eminence
of the OS innominatum, into which it is in-

serted, continued thence upward, upon the

inside of the muscle, along the brim of the

pelvis into the fascia iliaca, and downward
across the cajwule of the ilio-femoral articula-

tion, to which it is also attached : it is in

feet that part of the fescia iliaca, (for the fascia

iliaca and the iliac portion of the fescia lata

are one and the same expansion, distinguished

from each other only by Poupart's ligament,)

which is situate upon the inside of the psoas

magnus, and which forms the outer wall of
the femoral canal, being interposed between the

femoral artery and the muscle. At the ilio-

pectineal eminence it also meets and is iden-

tified with the pubic portion of the fescia

lati, which is attached to the pectineal line

of the pubis, in continuation with this deep
lamina of the iliac portion, covers the pectinalis

muscle, and is situated immediately behind
the vessels. When that part of the deep
lamina of the iliac portion of the fascia lata

which extends from Poupart's ligament to the

ilio-pectineal eminence has had the prolonga-

tion of the fascia downward detached from it,

it ap|)ears as an oblique partition dividing

the crural arch into two parts, an external

containing the iliacus and psoas muscles with

the crural nerve, and an internal containing

the femoral vessels.

Ttie second lamina of the iliac portion of
the fascia lata— the superficial one— passes

inward across the femoral vessels, superficial

to them and to the prolongation of the fiucia

transversalis, until it has reached the inside

of the vessels : it is at the same time attached
above, in front of the vessels, and in con-
tinuation with the iliac portion itself, to the

inferior margin of Poupart's ligament, from
its middle to the base of its third insertion

—

Gimbernat's ligament, and upon their inside

along the base of the latter ligament as far

as the pectineal line of the pubis, into which
it is finally inserted, external to the base of
Gimbernat, between it and the insertion of
the fescia transversalis upon the inside of the

aperture of the femoral sheath, and where
it is also identified with the pubic portion

of the fescia attached along the same line

:

from thence it is united to the anterior surfece

of the pubic portion of the fascia lata, down-
ward along the inside of the vessels. The
sujierficial lamina of the iliac portion is thus

thrown across the front of the vessels, and
by the disposition, which has been detailed,

the fascia lata encloses the vessels between the

two lamina;, and forms, by means of them
and their connection at either side, a canal,

within which are contained the vessels and
the prolongation of the fascia transversalis

covering them in front. The constitution of

the canal, as described, may be considered

to extend from Poupart's ligament until the

artery is about to be covered by the sartorius,

from whence its anterior wall b fonned, through

the remainder of the vessel's course, by another
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nnd deeper layer of the fascia. The canal

tlius formed, to which the author would apply,

with Cloquet, the term fomonil canal, is

widest at its upper extremity, i.e. at Poupart's

ligament; from whence, as it descends, it

contracts in width until it has passed the

entrance of the saphena, beyond which it

continues of nearly uniform capacity to its

termination. The diminution in the transverse

extent of the canal is due to the direction

of the line of union between the superficial

lamina of the iliac portion and the pubic
portion of the fascia, which, as has been
already stated, inclines outward as it descends

from the pectineal line of the pubis to the

point at whicli the saphena joins the femoral

vein. In the interval between Poupart's

ligament and the junction of the two veins

the superficial lamina is thinner, less aponeu-
rotic, and more of a cellular character than

other parts of the fascia ; but it is subject to

much variety in this resjiect : in all cases it

is thinner and weaker internally than externally,

but in some it is throughout distinct and un-
broken, unless by the passage of vessels, and
presents aponeurotic characters as decidedly as

many other parts of the expansion ; while in

others it is cellular, indistinct, and even fatty,

not easily distinguishable from the subcuta-

neous structure, and so thin as to seem de-

ficient toward its inner part, or to have its

line of union with the pubic portion inter-

rupted at one or more points. The extent

and connections of this portion of the fascia

will be most satisfactorily displayed by first

detaching Poupart's ligament, upon its abdo-

minal side, from the fascia transversalis as it

descends beneath the ligament, and then care-

fully insinuating the handle of a knife down-
ward beneath the ligament and the superficial

lamina of the iliac portion of the fascia lata,

between them and the prolongation of the

fascia transversalis ; this done, the superficial

lamina may, with the guidance of the instru-

ment beneath it, be satisfactorily traced.

The fourth structure, by which the femoral

artery is covered in the first stage of its course,

is the prolongation of the fascia transversalis.

The two abdominal fascia;, the transversalis

and the iliaca, which are, at every other part

of the crural arch, either identified and united,

or inserted into bone, are separated in the in-

terval between the middle of Poupart's and

the base of Gimbernat's ligament, and de-

scend into the thigh, the former in front of or

superficial to the femoral vessels, beneath Pou-

part's ligament and the superficial lamina of

the iliac portion of the fascia lata ; the latter

behind or deeper than the vessels, between

them and the psoas and pectinalis muscles,

constituting or continued into the pubic or

deep portion of the fascia lata. The two fascise

thus leave an aperture beneath Poupart's liga-

ment, through which the vessels escape from

the abdomen, and at the same time inclose

them between them ; the prolongation of the

transversalis covering them in front, the iliac

and pubic portion of the fascia lata situate

behind them. As it descends upon the vessels.

the prolongation from the transversalis is united

to the fascia iliaca and iliac portion of the

fascia lata upon their outside; and to the pubic

portion upon their inside, in the same manner
as the .superficial lamina of the iliac portion,

and within it in reference to the femoral canal

:

it may therefore be viewed in one of two lights

with regard to that canal, viz. either as de-

scending into it superficial to the vessels, and
entering into the constitution of its anterior

wall, or as concurring with the other fasciae to

form, beneath the superficial lamina of the

iliac portion of the fascia lata, a sheath, in

which the vessels are immediately contained.

The latter is the view which has been adopted

by anatomists, and the appellation/c/Horn/ has

been given to the sheath so formed. Like the

superficial lamina of the iliac portion of the

fascia lata, the prolongation of the fascia trans-

versalis is wider at Poupart's ligament, and
diminishes in width as it descends to the junc-

tion of the saphena and femoral veins : hence

the femoral sheath is considerably larger supe-

riorly than inferiorly, does not embrace the

vessels closely at their entrance into the thigh,

and but for the aponeurotic expansion described

by CoUes, and termed by Cloquet the crural

septum, would be open toward the abdomen

;

but in proportion as they descend, it invests

them more closely until it reaches the entrance

of the saphena, at which point its connection to

them is intimate, and from whence the prolon-

gation seems to the author to be continued down-
ward into the dense thin cellular or fibro-cellular

investment, by which the artery and vein are

surrounded and connected together within the

femoral canal during the remainder of their

course through the thigh. From Sir A. Coo-
per's account of the prolongation it would
appear that it terminated, or cannot be traced

further than two inches below Poupart's liga-

ment. Sir Astley says, " these vessels pass

down within the sheath for about two inches,

after which they carry with thein a closely

investing fascia derived from the fascia lata."

Uy the " closely investing fascia," the author

understands the proper sheath of the vessels,

which has been adverted to, and with which
the prolongation of the fascia transversalis

appears to him to be identified. According to

Professor Harrison,* " it soon becomes thin

and indistinct, and is lost in the cribriform

part of the fascia lata;" but in this view of its

termination the author cannot concur ; the pro-

longation is doubtless connected to the cribri-

form fascia (the superficial lamina of the iliac

portion of the fascia lata) by the vessels, which
traverse both structures, but it is notwith-

standing separable, without much difficulty,

from it, by means of the proceeding already

recommended for the display of that part

—

a proceeding equally applicable to that of the

distinct existence and the connections of the

expansion in question ; the superficial lamina
being at the same time, as directed by Colles,

divided from above downward, and its parts

held to either side, inasmuch as a thin cellular

* Dublin Dissector, p. 153.
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or adipose itratum is interposed between them.
The last particular in the dis|)Osition of the

prolongation of the fascia transversalis, having
reference to the femoral artery, is, that it is

connected to the back of the femoral canal
(the pubic portion of the fascia lata posterior
to the vessels) by two septa or partitions,

placed, one between the artery and vein, upon
the inside of the former; the other internal to
the latter, between it and the femoral ring:
by those the abdominal aperture of the femoral
sheath is divided into three compiuimcnts

:

an external one occupied by the artery, a mid-
dle one by the vein, and an internal by the
lymphatics, and at times by a gland. The
two fonner are so protected that the occurrence
of hernia through them is rare ; in the case of
tlie first probably impossible; but the internal,

whether from weakness or deficiency of |)ro-

tecting provisions, allows its protrusion, and
hence the relation of the femoral vessels, and
more particularly of the artery to the neck of
the sac of femoral hernia, upon the outer side
of which It is always situate, separated from it

by the vein.

At the lower part of the first stage the artery
is crossed obliquely by the most internal of the
<Jeep branches of the crural nerve, which for

distinction sake miglit be called internal geni-
cular : it enters the femoral canal on the out-
side of the vessels above, at a variable distance
from Poupart's ligament; descends from
without inward upon the front of the artery
within the canal ; and escapes from it below
on the inside of the vessel under cover of the
sartorius. Situate, as the nerve is, within the
femoral canal, upon the front of the artery,
and closely connected to it by the femoral
sheath, it is very likely, unless care be taken
to avoid it, to be included in a ligature at the
same lime with the vessel : it will not, how-
ever, be always encountered, inasmuch as it

crosses the artery, and at a point higher or
lower in different subjects.

At times a second branch of the crural
nerve crosses the artery in like manner as the
former and lower down, but it is not to be
always observed.

Posteriorly in its fii-st stage the artery rests, first

upon the inner margin of the psoas raagnus,
from which it is separated by the deep lamina
of the iliac portion of the fascia lata: while
so related, it is situate over the anterior surface of
the OS innominatum, external to the iliopec-
tineal eminence, having the two structures,
already mentioned, interposed .• Below the

• In this the author hai ventured to differ from
the account usually given of the relation of the
artery to the os innominatum, according to which
(Boyer, Cloquet.) the vessel must be nnderstood
to be situate internal to the point mentioned, being
»»id to lie upon the os pubis ; but in his opinion
this is not correct. The artery lies on the psoas,
which is not internal lo the eminence, and upon
the deep lamina of the iliac portion of the fascia
lata covering the muscle, which at its most internal
part is inserted into the eminence ; consequently
the vessel, which lies on the lamina, must be ex-
ternal to that point of bone, and obseivatioa will
be found to confirm this view.

VOL. II.

OS innominatum it is placed over t)ie head of
the femur, from which it is separated by the

same parts, and also by the capsular ligament
of the articulation, and the synovial bursa,

which exists between the front of the capsule,

and the psoas and iliacus muscles. There are

then in this situation two resisting surfaces

against which compression of the vessel may
be effected ; and here also, as observed by
Harrison, a tumour with pulsation may occur
in case of eflTusion either into tlie bursa simply,
or into the joint, when a communication exists

between the former and the synovial membrane
of the latter.

Having passed the margin of the psoas and
the head of the femur, the artery corresponds
to the tendon of the psoas and iliacus, to the

pectinalis, and to a small portion of the ad-
ductor brevis, which parts it crosses obliquely
in its descent : it is not, however, in contact

with them, but is separated from them by a
space of some depth occupied by cellular

structure and vessels. The distance of the

artery from the muscles varies according to

circumstances: when the thigh is extended or
rotated inward, it is increased; when, on the
other hand, it is flexed or rotated outward,*
it is diminished : in the former case, the artery

is brought nearer to the anterior surface of the
thigh by the extension, and by the rotation

the lesser trochanter, which is in the middle
and deepest part of the space, is carried back-
ward from that surface.

The vessels which occupy the interval be-
tween the artery and the muscles are the pro-
funda vein, the circumflex veins, and the
femoral vein in part, they being next to the
artery and immediately behind it ; posterior to

them are, at times, the profunda artery, and
at the upper part, according to circutnstances,
one or other of the circumflex arteries, when
arising, as in ordinary, from it.

External to the artery in its first stage are
the psoas and iliacus muscles, the siirtorius,

tlie rectus, and the upper extremity of the
vastus intemus muscUs; from all which it is

separated by the wall of the femoral canal.
At the entrance of the artery into the thigh,

and for about an inch below Poupart's liga-

ment, the crural portion of the getiilo-crural

nerve is contained within the femoral canal in

immediate apposition with the vessel upon its

outer side. External to it are situate also the
crural nerveabove,and itssaphena branch below.
Except in rare instances, the profunda artery

lies on the outer side of the femoral duriiig a
greater or less extent of its first stage; but it

is, unless occasionally near to its origin, at the

same time posterior to it, and is subject to

varieties in its relation which will be more
particularly detailed in the description of that

vessel.

Internally the artery corresponds, though at

a distance, to the pectinalis and adductor mus-
cles. The femoral vein at the upper part is

very nearly upon the same level ; the artery,

however, is somewhat anterior to it, probably

• Harrison.
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from resting upon the psoas, wliile the veiu
corresponds to the pubes between that muscle
and the pectinalis: hence the two vessels at

their entrance into the thigh, allowance being
made for the trifling difference which has been
mentioned, lie side by side, the vein internal

to the artery ; but as the former descends from
the pubes, it recedes from the surface more
than tlie artery, and at the same time inclines

outward, and thus it becomes posterior to it

at the lower part of the stage, so as to be con-
cealed by the artery by the time it has reached
its termination. It is included with the artery

in the femoral sheath, and is separated from it

by the external of the two septa, which have
been described.

In its second stage the relations of the artery

differ considerably from those in its first. In
the first place it is covered throughout by the
sartorius, the muscle crossing it obliquely from
without inward, and thence first overlapping it

by its inner edge, and gradually extending over
it until the vessel is directly covered by it.

Secondly, it is in consequence covered by two
laminae of the fascia lata enclosing the muscle;
one superficial to it, the other beneath it, form-
ing the front of the femoral canal ; it has then
two new coverings, the muscle and the second
lamina of the fascia. Thirdly, the femoral vein,

which is very closely connected to the artery,

is directly behind it, between it and the adduc-
tor longus muscle, to which the artery corre-

sponds posteriorly. Fourthly, it has no part
deserving of attention upon its inside ; and,
lastly, the saphenus nerve is within the femoral
canal, along the outer side of the artery and
anterior to it.

The inferior third of the artery also presents
some peculiarities of relation. The vessel is

still covered by the sartorius ; but here the

muscle is more to the inner, as in the second
stage it is more to the outer side of the vessel,

not only connecting it in front, but also lying

against its inner side, and the more so the

nearer we approach the termination of the

stage ; so much so indeed, that at its termina-
tion, the artery, when injected, may be felt

beneath the outer margin of the muscle ; and
hence the difference between the mode of pro-
ceeding with regard to the sartorius recom-
mended generally to be adopted, when occasion
arises for seeking the artery in its inferior third,

and that to be pursued when the vessel is to

be exposed in its second stage ; it being ad-
vised, in the latter case, to displace the inner

edge of the muscle outward, and in the former
the outer inward, in order to reach the vessel

with the greatest ease and certainty. The ves-

sel is also covered by the same two laminas of
the fascia; but the deep one presents at this

part remarkable features : it increases in thick-

ness and is more aponeurotic in proportion as

it descends, and hence it is stronger the nearer
we approach the termination of the course of
the artery ; but in the inferior third its thick-

ness is still further augmented by numerous
tendinous fibres, which pass from the tendons
of the adductors longus and magnus to that of
the vastus intemus, add very much to tlie

thickness of the fascia, and give to It the ap-

pearance of a tendinous expansion of great

strength, connecting the tendons of the mus-
cles, which have been mentioned, and covering

the artery upon its anterior and internal sides.

It is also to be observed that this accession of

fibres from the tendons exists only in the infe-

rior third of the artery's course, and not in its

middle stage, and hence the covering of the

vessel beneath the sartorius, or the anterior

wall of the canal, is much thicker and stronger

in the former than in the latter ; and hence

also one of the difficulties encountered in

getting at the vessel in the third stage. The
artery in this third stage is situate upon the

inside of the shaf\ of the femur, crossing it ob-

liquely from before backward : it is not, how-
ever, in contact with the bone, but is separated

from it by the vastus intemus muscle : it is

enclosed, as before stated, between muscles;

the sartorius before and internal to it, the ad-

ductors longus and magnus behind it, and the

vastus internus on its outside.

The other relations of the vessel in this stage

are to the saphena vein, the saphenus nerve,

the femoral vein, and the superficial superior

internal articular artery. The first is situate

between the femoral artery and the internal

face of the thigh, for the most part along the

inner margin of the sartorius, but varying some-
what in this respect, lying at times upon the

muscle, from its middle to its inner edge, and
at others posterior to it. The saphenus nerve

is placed at first, as in the second stage, exter-

nal and anterior to the artery, but it crosses it

at its termination and escapes from the canal,

upon its inside, in company with the superficial

articular artery, as the vessel is about to pass

into the popliteal space. The femoral vein is

behind the artery and somewhat external to it

:

the latter relation of the vein is expressly de-

nied by Velpeau,* but after careful examina-
tion the author does not hesitate to affirm it.

The superficial superior internal articular

artery, a branch of the femoral, is given off by
the artery immediately before its termination ;

it arises from the front of the vessel, descends

nearly in the course of it, escapes from the

femoral canal in company with the saphenus
nerve, and, holding generally the same relation

to that nerve which the femoral itself does, may
hence be mistaken for that artery at the inferior

pait of its course.

Thus the relations of the vessel are here in

several particulars the reverse of those in its

former stages, and the methods most eligible

for adoption in operation ought to be varied

accordingly. Operation in its last stage is

seldom required, but it may be necessary, as

in wounds of the artery at that part, in which

case the mode of proceeding with regard to the

sartorius and to the artery should be the reverse

of that recommended for the upper stage, the

muscle being to be displaced inward in order

to expose the artery, and the separation of the

latter from the vein to be effected in the same
direction.

* Anatpmie dea Regions, t. ii. p. 485. ed, 1.
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At Uic terrnination of its tliird »(age the

artery passes into the ham and there receives

the name of popliteal : it enters the popliteal

region through an elliptical a|)erture situate to

the inside of the femur at the junction of its

middle and inferior thirds, and u)>on a plane
with its posterior face, the longer diameter of

which corresponds to the course of the artery,

and which is circumscribed by the lower mar-
gin of the united tendons of the adductor
longus and the adductor magnus above, by the

connection between the tendon of the adductor
magnus and that of the vastus intemus below ;

by the tendon of the adductor magnus inter-

nally, and by that of the vastus intemus exter-

nally : in passing through, the artery carries

with it a prolongation of the femoral sheath, by
which the popliteal vessels become invested

and connected.

Varieties.—Tlie superficial femoral artery sel-

dom presents a variation from itsaccustomed dis-

position,so much so that it may almost be held to

be uniform in this respect : however two forms
of deviation have been observed, rare in occur-

rence, but of great im]x>rtance in a practical

point of view. Two instances of the first ab-

normal arrangement are recorded, one of which
occurred to Sir Charles Bell, and has been pub-
lished by him in Anderson's Quarterly Journal
for the year 1 826 : the second is preserved in

the Museum of the College of Surgeons, and
has been described in the fourth volume of the

Dublin Hospital Reports by Dr. Houston,
Conservator to the INluseum. In these cases

the femoral artery divided into two vessels of

nearly equal size, which pursued tlie usual

course of the artery side by side and very close

together, not, however, in contact, but contained

in distinct compartments of the sheath and
separated by a septum : hence the existence of

the second artery might in operation easily pass

unobserved, it not being brought into view by
opening the sheath of the other. One was
also larger than the other, and situate internal

and on a plane posterior to it. In Bell's case

the discovery was the consequence of the un-
fortunate event of an operation for popliteal

aneurism ; the operation was performed in the

middle third of the thigh, "rhe pulsation of
the aneurism, which was arrested on the appli-

cation of the ligature, returned after an interval

of some seconds, and became nearly as distinct

as before : it ceased again upon the third day,
but the patient was carried off on the sixth day
by an erysipelatous inflammation of the thigh.

On examination after deatli, it was ascertained

that the disposition, which has been described,

was present, and that but one of the two vessels

bad been tied.

The second form of deviation is a high
bifurcation into the posterior tibial and peroneal
arteries: of this an instance* has been recorded
by Sandifort, in which the division took place
immediately below Poupart's ligament ; and
Portalf states that the crural artery has been
seen to divide into two large branches shortly

• Green on the Varieties in ihe Arterial System,
and Sandifort, Observ. Anat. Pathol, iv. 97.

t Anatomie MeUicale, t. iii. p. 32S.
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after its escape from the abdomen, aitd then
there were two popliteal arteries: he further

states that among individuals, in which th«
brachial artery was bifurcated higher than usual,

tlie crural artery was so also in a remarkable
proportion.*

A division of the femoral artery into two
trunks of equal size, running parallel and so
near together, that they might be conveniently
included in one ligature, is recorded by Gooch
in the Philosophical Transactions for the year
1775, it being the third instance in amputations
of the thigh, in which he had observed such a
litsus naturte in the arterial system ; but it is

not mentioned whether they were instances of
the first or of the second kind of variety : he
himself, whether from examination or from in-

ference, appears to have concluded that both
trunks were prolonged into the lower part of
the limb.

Those deviations have been accounted repe-

titions of similar irregularities in the brachial

artery, than which, however, they are far less

frequent. It is a matter to be regretted that

neither in the case of Bell, nor in that of
Houston, has any account been given of the

disposition of the artery of the upper extremi-
ties or of the other thigh.

Branches of the femoral artery.— The
branches given off by the femoral artery are
numerous ; but the trunk of the vessel being
itself intended for the supply of the leg and
foot, the branches which it gives to the thigh
are, with the exception of one intended speci-

ally for the nutrition of that part, inconsider-

able in size. The artery gives branches to the

integuments of the abdomen, to the glands and
other structures in the groin, to the external
organs of generation, to the muscles in the
vicinity of which it passes, to the inner side of
the knee ; and, lastly, it gives the large branch,
adverted to, for the supply of the thigh, and by
which those inosculations with other arteries

are formed, by means of which chiefly an in-

terruption in the course of the main vessel is

compensated. Those which have received

names are five, viz. 1. the superficial epigat-

tric ; 2. the superficial or external pudic ; 3.

the superficial anterior iliac ; 4. the profunda;
and 5. the superficial superior internal articular

arteries.

Of those the first four arise from the artery

within its first stage ; the epigastric, iliac, and
pudic being given off immediately or at a veiy

short distance below Poupart's ligament; and
the profunda at a greater although a variable

distance from that part.

1 . The superficial epigastric artery (art'ere

sous-culanie abdominale, Cloquet ; inguinale,

Chaussier;) ordinarily arises from the front of

the femoral, immediately below Poupart's liga-

ment. Sometimes it is given off from a branch

common to it and either one or both the ex-

ternal pudics ; or it may proceed from the pro-

funda.f It first comes forward through the

fascia lata, and then ascends over Poupart's

• Ibid. p. 239.

t Bojer.
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ligament upon the inferior part of the abdomen,
superticial to the aponeurosis of the external
oblique muscle, and enclosed in the subcuta-
neous cellular stratum. Its course is irregular,

at times nearly parallel* to that of the deep
epigastric within the abdominal wall ; at others
ascending directly upon the abdomen ; in ge-
neral it pursues the latter course. It is consi-
derably smaller than the deep epigastric artery,

and is concerned altogether in the supply of
superficial parts, and in establishing commu-
nications with other vessels. Its first branches
are distributed to the inguinal glands and co-

verings: during its ascent upon the abdomen
it gives to either side branches which supply
the superficial structures, and inosculate through
the ventral foramina with branches of the inter-

nal epigastric from within ; and it terminates

by communicating with the same and with
those of the internal mammary, and of the

inferior intercostals. It is, unless in case of
disease, a small vessel, and of consequence
only from being exposed to be divided in cer-

tain operations, viz. that for inguinal hernia,

or that for tying the external iliac artery.

2. The superficiul or external pudic arteries

(scrotules ou vulvairex, Chauss.) are generally

two, distinguished into siiperficiutf and deep,

or superior I and inj'erior: of those distinc-

tions the latter seems preferable, inasmuch as

they are both equally superficial in their dis-

tribution, and the difference between them in

this particular amounts to no more than that

the second continues longer beneath the fascia

lata than the first. They arise in general either

directly from the femoral, or from a trunk com-
mon to them with the superficial epigastric,

with which they are of nearly equal size.

The superior is given oft' immediately below
Poupait's ligament; comes through the fascia

lata, and at the same time gives branches to the

inguinal glands ; runs, superficial to the fascia,

inward and also upward toward the pubes;
and either divides into two, one of which as-

cends above, the other, the more considerable,

continues below that part ; or, as it proceeds,

it gives off small branches which ascend above
the pubis, and supply the superficial struc-

tures upon the inferior middle part of the ab-
dominal wall; while it is itself continued to the

scrotum and side of the penis, the coverings

of which it supplies; or into the labium in the

female. Its branches communicate with those,

which the external organs of generation receive

also from the internal pudic artery, and with

branches of the epigastric arteries. This branch
is usually divided in the operations for either

inguinal or femoral hernia

The inferior external pudic artery arises from
the femoral at a greater distance from Poupart's

ligament than the former: at times it is given

o(i' by t)ie profunda 5 artery, or from the in-

ternal circumflex,l|or from the .superior branch :ir

at others it is absent.** It is situate beneath the

Harrison. t Cloqnet. } Harrison.
Boyer, Cloquet, Tietiemanilt

HarrisoB.
Ibid. •• Ibid.

fascia lata through a greater extent of its course

than the superior; runs inward across the pec-

tinalis muscle, covered by the fascia; ])as3es

then through the fascia, and gains the scrotum

or the labium and the perineum, in which it is

distributed, communicating with the inferior

branch of the former and with the perineal

artery. Its course is at times so far from Pou-
part's ligament that it crosses behind the sa-

phena vein.

Occasionally a third * external pudic artery

is present, arising either from the femoral itself,

the profunda, or the internal circuinflex artery.

3. The superficial anterior iliac arteiy (ar-

teria circumjlexu ilii superficialis, Harrison;

external cutaneous, Scarpa ; artire musculaire

superficielle, Cloquet ;) arises from the outer

side of the femoral artery, or at times from the

profunda :f it runs outward in front of the

crural nerve, and after a short course divides

into three branches. Its first comes from within

the fascia lata and is distributed to the superfi-

cial inguinal glands : its second branch also

comes through the fascia, runs round the ante-

rior and outer side of the thigh, below the

spinous process of the ilium, and is distri-

buted superficially: and its third runs outward
and upward, beneath the fascia lata, toward

the superior anterior spinous process of the

ilium ; supplies the sartorius and tensor vaginae

muscles at their origin, and also gives branches

to the iliacus internus. This artery communi-
cates with branches of the gluteal, the deep

anterior iliac, and the external circumflex

arteries.

4. The profunda artery (arteria profunda

femoris; inlermusculuire, Chauss.) is the vessel

by which the muscles and other structures of

the thigh are for the greater part sujiplied,

whence it may be regarded as in strictness the

femoral artery, the trunk of ihe femoral, in its

general acceptation, being distributed to the

leg and foot : it is also the channel through

which the communications between the femoral

artery and the main arteries of the trunk on the

one hand, and of the lower part of the limb

on the other, are established, and by which, in

case of interruption of the first vessel, either

below or above the origin of the profunda, the

circulation is to be restored : it is therefore an
arteiy of great importance, and also of great

size, being nearly equal to, though for the most
part somewhat smaller than, the femoral itself,

while in many cases it is fully equal to it. Hence,

probably, it has received the name profunda

femoris, deep femoral artery ; and by many the

femoral artery is distinguished into the common
femoral and the superficial and deep femorals

;

the first extending from the entrance of the

vessel into the thigh to the origin of the pro-

funda ; the second being the vessel from the

point last mentioned to that at which it becomes
popliteal ; and the third the artery which is at

present under consideration.

The profunda artery for the most part arises

from the posterior and outer side of the femoral

• Scarpa, Boyer.

i Cloquet, Scarpa.
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at a distance, varying from one to two inches,
below Poiipart's ligament: it descends thence
backward imo the inguinal region, posterior
to the femoral artery, and corresponding to

the muscles situate behind them in the same
order as the femoral itself until it reaches the
adductor longus : it then passes behind that

muscle and continues its descent between it

and the adductor magnus, until after it has
given oft' its last perforating branch, when it

also perforates the magnus at the lower part of
the middle third of the thigh, and finally is

distributed to the short head of the biceps and
the vastus externus, gives to the femur its in-

ferior nutritious artery, and anastomoses with
tlie descending branches of the external cir-

cumflex artery, and with branches of the pop-
liteal. During its descent the profunda recedes
from the surface more than the femoral artery,

so that it lies nearer to the bottom of the in-

guinal space, and when placed directly behind
it, is separated from that vessel by an interval,

which is occupied by the femoral, the pro-
funda, and the circumflex veins. It is accom-
panied by a corresponding single vein of con-
siderable size, the profunda vein, which in the
upper part of the thigh is situate before the
artery, intervening, as has been mentioned,
between it and the femoral artery. It is con-
tained at first within the same sheath with the
femoral; but it is presently received into a
proper sheath, an ofiset from the back of that
which encloses the other vessel. It has not an
immediate relation to any nerve.

Such are the general relations of the pro-
funda artery ; but it presents frequent varieties,

which derive importance from the practical
connections of the femoral vessels. The par-
ticulars, in which it is subject to diversity, are
the precise situation and relation of its point
of origin, and the relation of its course to that
of the femoral artery.

The profunda arises generally, as has been
stated, from the posterior and outer side of the
femoral ; but at times its origin is directly
behind that vessel, at others directly fixim its

outer side, and occasionally again from its

inner side, as may be seen from fig. 3, tab.
xxxiii. of Tiedemann. The situation of its

origin also is variable, at times being close to
Poupart's ligament, at others at some distance
from it. According to Boyer* it corresponds
to " the middle of the space comprised be-
tween the pubis and the little trochanter;
sometimes higher, but rarely lower." Accord-
ing to Scarpa.t the division of the femoral
artery takes place " at the distance of one
inch, or one and a half, very rarely two niches,
below the crural arch in a well-formed adult,
of the ordinary stature." According to Har-
rison,J the profunda arises " in general about
two inches below Poupart's ligament, some-
times an inch or two lower down, and some-
times much nearer to this ligament." Of those

• Traite complct d'Anatomie, torn. iii. p. 150.
t Treatise on Aneurism, Wishart'g translation,

p. 3.

J Op. cit. vol. ii. p, 144.

three accounts that of Scarpa appears pre-

ferable : the " distance between the pubis and
the lesser trochanter" is variable, and affords

no guide for the living subject, and the author

has never witnessed the origin of the vessel

by any means so for from Poupart's lisjament

as the statement of Harrison would imply

:

a distance of four inches, which may be un-
derstood from it sometimes to occur, would
bring the origin down to the point at which the

sartorius gener.illy commences to overlap the

femoral artery, and this is manifestly alto-

gether too low; while on the other hand
Scarpa* states expressly that it is never below
the maximum point which he has laid down,
viz. two inches from the ligament, and Ilodg-

son-f- asserts that " it very rarely arises so low
as two inches." The maximum distance im-
plied in the description of Harrison is that

which has been laid down by Bell as the me-
dium point of origin, on which BumsJ re-

marks, " I infer that Mr. Bell has described
this artery from dried preparations, in which,
from the retraction of Poupart's ligament, the

origin of the profunda seems to take place
lower than on the recent subject." The only
objection which can be made to the view of
Scarpa, is that the vessel not unfrequently
arises nearer to the ligament than one inch
from it, its origin being at times abso-
lutely at it, and having been in some few
instances observed even above the ligament,
before the femoral had escat)ed from the ab-
domen, or more properly from the exterrial

iliac artery : of this extraordinarily high origin

four instances have been recordecl by Burns,§
and Tiedemann

II
has met with it in a female,

upon both sides. TiedemaiinlT has also in-

ferred from his researches that the profunda
arises nearer than usual to Poupart's ligament
more frequently in females and in subjects of
small stature than in others.

The relation of the course of the profunda
to that of the femoral is the next point of
variety.

The main course of the former is external to
that of the latter; in arriving at its destination,
however, it does not at all times pursue an
uniform course, but presents diversities in this

re.opect, which aff'ect very much its relation to
the femoral artery. Its general direction is

downward, backward, and outward ; still more
outward than the femoral : it is seldom how-
ever direct, but describes one or more inflec-

tions, by which its course is made at times to
cross once or oftener that of the other vessel

;

and hence the diversities in its relation to the
femoral which have been adverted to. When
the course of the vessel is direct or little tor-

tuous, the profunda is situate throughout,
external to the femoral, and this relation would
appear to prevail at least as frequently as any

• Op. cit. p. 328.

t Treatise on Diseases of .4rtcrii>s and Veiai
p. 434.

% On Diseases of the Heart, &c. p. 319. 20
' Ibid.

Kxplicaiio Tabnlarum Atteriaruin. p. 323.
Ibid.
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other, or to be the most prevalent, for such is

the view of the course of the artery given by
Haller,* in two of three views in whicli the

relative course of the two vessels is repre-

sented, and by Tiedemannf in two of four

views. But at other times, when the artery is

more tortuous, after descending for a little

way external to the femoral, it makes a turn,

and passes inward behind it, and thus fre-

quently gains the inner side of that vessel

before it reaches the adductor longus, after

which it again inclines outward toward its

destination. Such is the view given of its

course by Scarpa,! with which the description

of Harrison coincides: it is similarly repre-

sented by Tiedemann in fig. 4, tab. xxxiii.,

and also by IIaller§ in one instance; but the

author is disposed to regard this as a less

common disposition, as well from the fre-

quency with which he has observed the former

one to occur, as from the weight of the autho-

rities which have been adduced in favour of

that opinion. In other but rare instances the

profunda, arising from the inside of the femo-
ral, inclines at first inward and becomes in-

ternal to it, and then bending outward crosses

behind the femoral to its outer side : of this

arrangement an instance is furnished by Tiede-
mann in fig. 3, tab. xxxiii. And in others

the artery does not in the first instance incline

sensibly to either side ; but arising from the

back of the femoral it descends behind that

vessel, and does not gain its outer side until

it has reached the lower part of the inguinal

region.

When the profunda artery arises very near

to or above Poupart's ligament, and from the

outer side of the femoral, is large and pursues

its ordinary course, two arteries of equal or

nearly equal size may be found, at the upper
part of the inguinal region, side by side, and
upon the same level, and thence liable to be
taken, either of them, for the femoral artery.

When such an arrangement occurs, the ex-

ternal|| of the two vessels will almost certainly

be found to be the profunda, for if that artery

have once passed inward behind the femoral,

it cannot afterward gain the same level with it,

so as to be situate at the same time internal to

and on the same plane with it : further, as the

profunda descends, it recedes from the an-

terior surface more than the femoral, in order

to pass behind the adductor longus, and thus

it gains at the lower part of the region a deeper
situation than the other. But inasmuch as the

profunda occasionally arises from the inside of

the femoral artery, it may be possible for it,

in case of high origin, to be the inner of the

two vessels adverted to. Such a circumstance,

however, if it ever occur, must be extremely

rare, but in order to guard against it, the pre-

• Icones .Anatomies.

t TabuliE Arteriarum. Tab. xxxi. and fig. 2.

tab. xxxiii.

X Keflexions ct Observations .4natomico-cliir«ir-

gicales sur rAneurisme, tab. lere.

S Op. cit.

Il
Harrison, op. ciu vol. ii. p. 165. Hargravo,

System of Operative Surgery.

caution reconunended of alternately compres-
sing the vessels and ascertaining the effect

previous to the application of a ligature, should

never be neglected.

Brunches of the profunda artery.—The pro-

funda gives off a considerable number of

brandies, some of which being distributed to

the muscles, by which the artery passes, and
not being remarkable either for their size or

their communications, have not received par-

ticular names. Those which are most de-

serving of attention, whether for their size,

the extent and peculiarity of their course, or

the anastomoses which they form with other

arteries, are five or six in number, viz. two

circumjiex arteries, and three or at times four

perfo7-uting arteries. The circumflex arteries

are so named because they wind round the

upper extremity of the femur, and form an
arterial circle around it : they are distinguished

by the epithets ctternul and internal, being

destined, one to the outer, the other to the

inner side of the limb : they are vessels of

considerable size and importance because both

of the extent of parts which they supply, and
of the communications which are established

through them between the femoral, the arteries

of the pelvis, and those of the lower parts of

the limb.

1. The external circumflex artery at times

is the first branch of the profunda ; at others

it is preceded by the internal circumflex : it is

given oflT from the profunda while it lies on
the outside of the femoral at a variable dis-

tance from Poupart's ligament, and arises from

the outer side of the artery : occasionally it is

given otr by the femoral itself; it runs directly

outward, or outward and downward, in front

of the psoas and iliacus muscles ; beneath the

sartorius and rectus, and either between or

behind the divisions of the crural nerve ; and
divides after a short course into three branches,

viz. an ascending, a descending, and a circum-

flex.

a. The first, the ascending branch, rut« up-

ward and outward toward the superior anterior

spinous process of the ilium, between the

iliacus internus and the glutoeus medius mus-
cles, and concealed by the tensor vaginae

feinoris ; as it proceeds, it gives branches to

those muscles; and having reached the outer

and back part of the spinous process, it ter-

minates in an anastomosis with a branch of

the gluteal, and also with the deep cir-

cumflex ilii arteries. The anastomosis with

the glutoeal artery becomes remarkably en-

larged when the main vessel is interrupted

above the origin of the profunda, as may be

seen from Sir A. Cooper's case of femoral

aneurism.*

b. The second, the descending branch, runs

downward and outward beneath the rectus

muscle, between it and the triceps crural, and
divides after a short course for the most part into

several branches of considerable size and great

length for the supply of those muscles and for

establishing communications : the branches are

* Guy's Hospital Reports, Jan. 1836, pi. 1.
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at times to many as five or six, and are dis-

tributed one or more to the rectus, entering

the muscle upon its deep surface, and pro-

longed to a great length within its substance

;

one to the vastus intemus, one to the crurttus,

and one or two to the vastus externus : they

are accompanied, several of them, by branches

of the ci'ural nerve, and they run for a con-
siderable distance, particularly the infe-

rior branch to the vastus externus, between
the divisions of the triceps crural muscle,
before entering their substance : they are pro-
longed very low down, and may be followed
some of them to near the knee, where they
anastomose with branches of the femoral in

the vastus intemus, and with the superior

articular arteries. Rut the branches of the

descending division of the external circum-
flex artery are by no means uniform in number
or destination, more or fewer of the arteries

just described being at times branches of the

profunda itself; thus, at times that to the
vastus intemus, that to the cruraeus, and that

to the rectus, arise from the profunda below
the circumflex, and in such case the descend-
ing branch of the latter consists solely of the
branch or branches destined to the vastus ex-
ternus muscle.

c. The third, the circumflex branch, pursues
at first the course of the original vessel, and
runs outward across the upper extremity of the
shaft of the femur below the great trochanter,

beneath the rectus and tensor vaginae muscles,
and superficial to the cruraeus. It gives, in

this situation, branches to the cruraeus, the
iliacus, the rectus and tensor muscles. It

then passes backward upon the outside of the
femur to its posterior part, and tlius surrounds
the bone upon its anterior and external sides.

In the latter part of its course it traverses the
upper extremity of the vastus extemus, and
gives off, 1. branches upward and downward
into the muscle; 2. a branch or branches which
run between the vastus and the bone, and
supply the periosteum; 3. a branch to the
glutcEus maximus at its insertion, which, after

furnishing it branches, perforates the muscle
and becomes superficial. The circumflex divi-
sion of the external circumflex anastomoses
with the intemal circumflex, the glutoeal, the
sciatic, and the perforating arteries. Tlie ex-
ternal circumflex artery is accompanied by a
large vein, which crosses between the femoral
and profunda arteries, superficial to the latter,

in order to join the femoral or the profunda
vein.

2. The intemal circumflex artery is a larger
vessel than the external : it is given off by the
profunda usually after the external, and arises
from the inner side of the artery, but at times
it arises before the external. According to

Harrison it " very frequently proceeds from the
femoral artery, prior to the origin of the pro-
funda;" it has been found by Burns* arising
from the external iliac artery, and also from the
femoral artery a little below the crural arch.
In the former case " it ran along the front of

• Op. cii. p. 31!).

the lymphatic (heath ;" and in the second " it

traversed the front of the common sheath of

the great vein and also of the lymphatics ;" and
in either case, as observed by Bums, it must
be exposed to great danger in operation for

femoral hernia. According to Green,* both

circumflex arteries sometimes are furnished

from a common trunk. It runs inward, back-

ward, and downward toward the lesser tro-

chanter into the deepest part of the inguinal

region, and escapes from that space posteriorly

between the tendon of the psoas and the pecti-

nalis muscles ; continues its course backward,

on the inside of the neck of the femur and the

capsular ligament, below the obturator exter-

nus, behind the pectinalis, and anterior to the

adductor magnus and the quadratus muscles,

until it has got behind the neck of the bone;

and lastly, it passes through the intemal, which

se|>arates the inferior margin of the quadratus

femoris from the upper margin of the adductor

magnus, and tlius gains the posterior region of

the thigh, where it terminates as will be de-

scribed.

The intemal circumflex artery is the vessel

which gains the deepest situation in the groin

:

it is internal and posterior to the profunda, and
when it arises from that artery, while external

to the femoral, it crosses the latter vessel poste-

riorly in its course. While within the inguinal

region the internal circumflex artery gives off

first a branch to the iliacus and psoas muscles:

then a considerable branch, denominated by
Tiedemann superficial circumflex branch, which
contributes to supply the pectinalis, the adduc-

tor longus, and the adductor brevis : it runs

upward and inward upon the pectinalis, at the

same time giving branches to it and to the ad-

ductor longus, until it reaches the interval be-

tween these muscles : it then divides into two,

of which one ascends in the course of the

original branch, between the muscles men-
tioned, toward the origin of the adductor longus,

supplying the two muscles, and ultimately

anastomosing with branches of the obturator

artery : small branches of it traverse the adduc-

tor, and become cutaneous upon the upper and
inner part of the thigh. The second branch

passes downward and backward, also between

the pectinalis and tlie adductor longus, gains

the anterior surface of the adductor brevis, and
there meets the obturator vessels and nerves

:

it divides into several branches, of which some
are distributed to the last muscle, some anas-

tomose with the obturator artery, and others

with the upper perforating artery.

Behind the pectinalis the internal circumflex

artery gives several branches. Downward it

gives a considerable one to the adductor mag-

nus, which descends into that muscle, supplies

it and anastomoses with the perforating arteries.

Upward and forward it gives to the adductor

brevis and the obturator externus branches

which communicate freely with the obturator

artery after its escape from the pelvi'. Out-

ward it gives the articular artery of the hip a

branch, small, but remarkable for its course and

• Op. cit. p. 31.
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destination ; it enters the articulation beneath
the transverse ligament, through the notcli at

the internal and inferior part of the margin of
the acetabulum, over which the ligament is

thrown ; supplies the adipose structure which
occupies the bottom of the socket, and is con-
ducted by tlie ligamentum teres to the head of
the femur, in which it is ultimately distributed.

That part of the artery whicii reaches the head
of. the femur is of very inconsiderable size, and
is the source upon which the nutrition of that

part depends in fracture of the neck of the bone
within the capsule. Lastly, upward and back-
ward the artery sends off a considerable and
regular branch which is usually described as

one of its terminating branches, but which, in

the opinion of the author, may with more pro-

priety be considered as belonging to its middle
stage. It passes upward and outward between
the obturator externus and the quadratus mus-
cles to the trochanteric fossa, where it is dis-

tributed to the muscles inserted behind the

trochanter, viz. to those which have been just

mentioned ; to the obturator internus, the

gemelli, the pyriformis, the glutcei medius and
minimus, and to the back of the ilio-femoral

articulation, and where it inosculates with the

glutoeal, sciatic, and external circumflex arte-

ries. It may be appropriately called the poste-

rior trochanteric* branch.

After its passage between the quadratus and
the adductor magnus, the circumflex artery

divides, in the posterior region of the thigh,

into an ascending and a descending branch.

Tlie former passes upward to the origin of the

biceps, semi - membranosus and tendinosus

muscles, and to the glutoeus maximus ; the

latter downward to the former muscles, to the

adductor magnus, and to the sciatic nerve.

They communicate with the sciatic, the exter-

nal circumflex, and superior perforating arte-

ries.

The perforating arteries are three or four in

number. They are given off backward by the

profunda, below the origin of the circumflex

arteries, and are denominated numerically first,

second, third, &c. They all pass from the an-

terior to the posterior region of the thigh by
perforating the adductor magnus, and at times

also the adductor brevis, whence their name

;

they divide for the most part into ascending

and descending branches, and are consumed
partly in the supply of that region, and partly

in establishing a chain of communications be-

tween the arteries of the trunk and the main
artery at the upper and the lower parts of the

thigh.

3. Thefirst perforating arteri/ arises from the

profunda immediately below the lesser trochan-

ter, nearly opposite the lower margin of the

pectinalis : it passes backward, descending a

little below the lower margin of the pectinalis,

either between it and the upper one of the ad-

ductor brevis, or tlirough an aperture in the

latter muscle : it next |)erforates the adductor

magnus close to the linea aspera, and so gains

the posterior region of the thigh, where it

* Scarpa, op. cit.

divides into two or three large branches, of

which one ascends and is distributed to the

glutofus maximus, communicating with the

glutceal, sciatic, and circumflex arteries; ano-

ther descends, supplies the long head of the

biceps, the semi-membranosus and semi-tendi-

nosus, and communicates with the inferior per-

forating arteries ; and the third runs downward
and outward into the vastus externus, througli

which it descends, communicating at the same
time with the external circumflex artery. The
artery also gives branches to the sciatic nerve,

and, during its passage from the front to the

back of the thigh, to the pectinalis and the ad-

ductors. According to Hairison, " this artery

is sometimes a branch of the internal circum-

flex ; its course is nearly parallel to that vessel,

and is separated from it by the tendon of the

pectinieus muscle, the first perforating artery

passing below that tendon, while the circumflex

artery runs superior to it."

4. The second perforating artery is generally

the largest of those vessels : it arises a short

distance below the first, and passes through

both the adductors brevis and magnus ; it then

divides, like the former, into ascending and de-

scending branches : the former are distributed

to the glutoeus maximus, the vastus externus,

and the tensor vagina;, likewise anastomosing

with the first perforating, the glutoeal, sciatic,

and circumflex arteries : the latter are distri-

buted to the biceps, semi-membranosus, and
semi-tendinosus, the vastus externus, and the

integuments of the back of the thigh, and in-

osculate with the inferior perforating and with

branches of the popliteal artery. The artery

also gives branches to the adductor muscles

and to the sciatic nerve and the nutritious artery

of the femur, which enters a canal to be ob-
served in the linea aspera, at the junction of

the first and second thirds of the thigh, leading

obliquely upward into the bone. The second

perforating artery at times does not pass

through the adductor brevis, but when the first

does so, it generally runs inferior to it, perfora-

ting the adductor magnus only.

5. The third perforating artery is smaller

than either of the former, and arises lower
down ; according to Harrison, at the upper
edge of the adductor longus muscles, it passes

through the adductor magnus, and divides id

the same manner as the others : its branches

are also similarly distributed, and anastomose
with the second perforating artery from above,

and with branches of the popliteal from below.

When a fourth perforating artery exists, it

pursues a similar course and is distributed

similarly to the last. The perforating branches

of the profunda are subject to much variety

with regard to number, size, and precise course

and distribution ; so much so that they hardly

admit a definite description : the preceding ac-

count has been taken from a comparison of the

most approved authorities with the subject, in

order, as far as possible, to embrace their nu-
merous irregularities.

Beside those branches, which have been
enumerated, to which proper names have been

given, the profunda artery gives off during its
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course others less regular and less considerable,

which are distributed to the muscles in its

vicinity. Those are a bnincli to the pectinalis

and adductor muscles, and one or more to the

vastus intenius and crursus muscles : it has

been elsewhere slated that the descending

branches of the external circumflex, destined

to the last-named muscles, and one of those to

tlie vastus externus, at times also arise from the

profunda itself. After having given off the last

perforating artery, the profunda, very much
reduced in size, continues its descent behind

the adductor longus muscle, inclining at the

same time outward, and external to the femoral

artery : it (lasses through the adductor magnus
a little above the passage of the femoral into

the ham, giving it small branches; then tra-

verses the origin of the short head of the biceps,

giving it also branches ; and, lastly, enters into

the outer part of the vastus externus, through

which it descends frequently to near the knee,

distributing branches to the muscle, and anasto-

mosing with the descending branches of the

external circumflex and with the external arti-

cular artery. The termination of the profunda
is by some* called the fourth peiforating
artery.

The profunda resembles very much in its

course and termination the superior profunda

or musculo-spiral branch of the brachial artery,

to which it may be considered analogous.

Immediately before the femoral artery passes

into the popliteal space, it gives oft' its fifth and
lowest branch. This is usually called the

anastomoika magna artery, but there being no
more reason to apply the epithet anastomotic

to it than to the other branches of the femora,

and the great anastomotic artery of the thigh

being in reality the profunda, the name given

to it by Tiedemann seems much to be preferred,

viz. superficial superior internal articular.

It arises from the front of the femoral at the
• inferior part of its last stage, and immediately

escapes from within the femoral canal, passing

^ through its anterior wall at the same time with

the saplienus nerve, as the femoral itself is

about to pass into the ham. Having come
throu)>h the aponeurosis forming the wall of the

canal, it descends for some distance toward the

inside of the knee parallel to the tendon of the

adductor magnus and anterior to it in company
with the saphenus nerve, and covered by the

sarlorius muscle. After a short course it divides
into two branches. One of these runs down-
ward and forward, in front of the adductor
magnus, toward the patella ; enters the vastus

internus and traverses it in its course ; divides

within it into two branches, of which one runs
between the muscle and the bone, and supplies
the periosteum of the femur and the capsule of
the articulation, anastomosing at the same time
with the deep ariiculars ; the other continues
its course through the vastus, supplying the
muscle, until it reaches the side of ihe tendon
of the extensors : it then becomes s iperficial to

the tendon, and descends upon the front of Ihe
patella, ramifying freely upon it, supplies the

• Scarpa, op. cil. p. 17, 18.

integuments and other superficial structures of

the articulation on its anterior part, and com-
municates freely witli the other articular aite-

ries.

The second branch, into which the superfi-

cial articular divides, descends posterior to the

tendon of the adductor, in company with the

saphenus nerve, and covered by the sartorius

:

as it descends, it gives branches to the ham-
string muscles, the semi-membranosusandsemi-
tendinosus, and also to the sartorius : when it

has reached the inner side ofthe knee, it divides

into two, of which one passes forward beneath

the aponeurosis, upon the internal condyle of

the femur, divides into branches which supply

the superficial structures of the joint upon its

inside, can be traced forward beneath the pa-
tella, and form free communications with the

other articular arteries, more particularly with

the inferior internal one : the second descends

to the leg, escapes from beneath the tendon of

the sartorius, and then, turning forward, rami-

fies over the internal surface of the tibia below
its tubercle, supplies the insertions of the mus-
cles and tlie coverings, and communicates with

branches of the internal articular and of the

tibial recurrent arteries. Tlie superficial supe-
rior internal articular artery is variable in size :

at times it is of very considerable magnitude;
at others it is small, or even absent altogether,

its place being supplied by a branch of the

popliteal artery. Its distribution also varies

with its size, the extent of the former being

proportioned to the latter.

The course of the artery diverges but little

from that of the femoral, and the relation of the

saphenus nerve to it is almost the same as that

which the nerve holds to the latter vessel

:

hence, when the branch is large, it is liable to

be mistaken in the operation of tying the main
vessel, particularly in case of wound of the

artei-y, for the femoral itself. The description

of the articular artery here given has been
taken from the plate of Tiedemann, in which
the vessel is represented with its most extended
distribution.

The femoral artery also gives off, during its

descent through tlie thigh, beside the branches

which have been described, several others to

the muscles which are in its vicinity ; above, it

^nds branches to the sartorius, iliacus, and
pectinalis ; and in the middle of the thigh to

the vastus internus on the one hand, and to the

adductor muscles on the other. Tliose branches

are for the most part inconsiderable in size,

and have not received names, but they are de-

serving of attention, inasmuch as they coope-

nite in the collateral circulation, more particu-

larly the second set, through which the femoral

artery is generally preserved i>ervious, after

ligature below the origin of the profunda, during

a greater or less extent of the interval between

the ligature and the popliteal artery, by means
of Ihe anastomoses between the branches in

question and the circumflex arteries.

The adequacy of the collateral circulation In

the thigh to the maintenance and nutrition of

the limb after the interruption of the femoral

artery, has been so long established that it is
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at present unnecessary to insist upon it. But
the channels through which the circulation of

the blood becomes in such cases restored, as

well as the relations of the new circulation, are

deserving of attention.

The collateral connections of the femoral

artery are distinguishable into those between it

and the arteries of the trunk, those between it

and the popliteal and arteries of the leg, and

those between different parts of its own course.

The communication of the femoral artery

with the arteries of the trunk are established

between it and both the internal and the external

iliacs.

Those with the internal iliac are formed, 1.

by means of the inosculations of the branches

of the profunda, the circumflex and perforating

arteries with the obturator, glutoeal, and sciatic

arteries, all branches of the latter; 2. by those

between the internal and external pudics; and,

3. by the communications of the ilio-lumbar

artery with the deep anterior iliac, by which the

blood may be transferred to the superficial an-

terior iliac or the external circumflex.

I'rom the obturator artery the blood is transmit-

ted through theascending branches of the internal

circumflex : this channel of communication be-

comes, in cases of inten'uption of the external

iliac artery, remarkably free, the branches esta-

blishing it being much enlarged and tortuous :

instances and representations of it may be

found in the Medico-Chirurgical Transactions,

vol. iv. and in Guy's Hospital Reports, Ivo. 1,

Jan. 1836, from the experience of Sir Astley

Cooper.

Through the glutoeal artery the femoral com-
municates with the internal iliac by the inoscu-

lations between that vessel, the posterior tro-

chanteric and the ascending terminal branches

of the internal circumflex, and by those between

it and the ascending and circumflex branches

of the external circumflex artery : those connec-

tions are displayed also in the works just

referred to.

The communication of the femoral with the

internal iliac through the sciatic artery is esta-

blished by the anastomosis of that vessel with

the internal circumflex and the perforating arte-

ries, for which also see the same works.

The alteration in the condition of the sciatic

artery or its branches caused by ligature of the

femoral or of the external iliac artery presents

one of the most remarkable results of that cir-

cumstance : its branch to the sciatic nerve be-

comes greatly enlarged, very tortuous, and so

much elongated as to form at times a commu-
nication between the sciatic artery and the

posterior tibial. The connections established

through the pudic and iljo-lumbar arteries are

set forth, in the event of a case of ligature of the

external iliac artery published in the Medico-

Chirurgical Transactions, vol. xx. by Mr.
Norman.
The femoral artery communicates with the

external iliac through means of the anastomoses

between the anterior iliac arteries, internal and

external, between the mternal anterior iliac and

the external circumflex ; and also by those be-

tween the superficial and internal ej)igastrics.

By the communications, which have been
mentioned, the transmission of blood through

the femoral artery may be restored, after the

interruption of the external iliac artery, or of

the femoral above the origin of the profunda,

with suflRcient freedom for the perfect nutrition

of the limb ; of which numerous instances have

been observed by different writers.

The upper and lower parts of the femoral

artery are also connected by collateral channels.

Those are established by the communications
which exist between the branches of the pro-

funda artery arising from the upper extremity

of the femoral, and branches of the latter given

off during its course or from its lower extre-

mity ; thus the blood may pass from the femo-

ral artery above into the middle part of the

vessel through the anastomosis existing between

the descending branches of the external circum-

flex artery, and the branches given by the femo-

ral to the vastus internus muscle about the

middle of the thigh.

A similar communication exists upon the

internal side of the femoral by means of the

anastomoses by which descending branches of

the internal circumflex are connected with those

given by the femoral itself to the adductors.

The collateral connection of the femoral with

the popliteal artery is established through two

channels: 1. through the anastomoses between

the branches of the profunda, as well the ex-

ternal circumflex as the perforating arteries,

with the branches of the popliteal; whence
the femoral may be interrupted at any part

below the origin of the profunda, and the

blood thus find a ready passage from it into

the popliteal : 2. through those of the branches

given by the femoral to the vastus internus and
the superficial superior internal articular with

the same.

To the channels of communication which
have been described are to be added, as

pointed out by Scarpa, those established, by
the arteries of the periosteum and of the in-

ternal structure of the femur, between the

main arteries above and below. The former

are well represented by Scarpa,* and are formed

by anastomoses between branches of the external

circumflex, the profunda, the femoral and the

popliteal distributed to the periosteum.

Upon a review of the anastomotic con-

nections of the femoral artery, its course pre-

sents two stations at which communications
are established, on the one hand with the

main artery above, and on the other with that

below, while in the interval they are connected

the one with the other. Those are, 1. the first

part of the vessel's course from its commence-
ment to below the origin of the profunda;

and, 2. its lower part for so much of it as

includes the origins of the branches to the

triceps crural and adductor muscles, and the

superficial superior internal articular.

Again, it appears that through the first

station, not only is the femoral connected with

the arteries of the trunk and with the lower

part of the vessel, but also it is connected

* Reflexions sur rAneurisme, tab. ii.
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without the intermedium of the second with

the popliteal artery, the latter forming by much
the more free channel of communication be-

tween the two vessels, whence the circulation

of the lower part of the limb may be pre-

served independent of the communication be-

tween the upper and lower parts of the femoral

artery, as has been exemplilied in the case of

Sir A. Cooper given in the Medico-Chirur-
gical Transactions, vol. ii.; and, lastly, a com-
munication BNists by which the blood may be

conveyed from the arteries of the trunk into

tlie popliteal artery and the arteries of the leg,

inde|>endent of the femoral and without trans-

mission through any part of its canal.

Hence varieties may be expected in the con-
dition of the femoral artery in cases of inter-

ruption, according to the situation of the

interruption, and the influence of it or other

circumstances in determining the course which
the circulation is to take.

When the artery is obstructed above the

origin of the profunda independent of aneu-
rism, the origin of that vessel being free from
disease, it would appear that the trunk of the

femoral does not undergo any alteration in its

capacity, at least from the origin of the pro-

funda downward : when an interval exists

between the point of interruption and the

origin of that vessel, the trunk may be di-

minished for so much, while again it may
continue unaltered ; thus in Sir A. Cooper s

case* already referred to, the vessel was found
reduced to about half its natural size between
the origins of the epigastric and circumflex

ilii arteries and that of the profunda, and from
the latter it preserved its ordinary size through

the remainder of its course : in Mr. Norman's
caset on the other hand, it was of its natural

size in the interval adverted to, but inasmuch
as the origin of the profunda was obstructed

in the latter case, it cannot be considered so

feir an instance of the influence of the simple
interruption at the pait specified as the fonner,

in which the femoral artery remained pervious

after the cure of the aneurism. It is hence to

be inferred, 1. that interruption of the femoral

above the origin of the profunda or of the

external iliac artery is not necessarily followed
by obliteration of the former, unless it be of
so much of the femoral as might intervene

between the interruption and the origin of the
profunda, where the ligature has been applied
to the former: 2. that in such case the internal

iliac is thenceforward the principal source from
which the supply of blood to the lower extremity
is to be derived ; and that the profunda artery

through its inosculations with the branches of
the internal iliac, constitutes the chief channel
through which the transmission of the blood
to the trunk of the femoral and the limb takes

place: 3. that the external iliac artery con-
tributes, but in an inferior degree, to the sup-
ply of the limb, when the interruption is m
the femoral itself: 4. that the femoral artery

and its branches thenceforward are to be con-

• Goy'« Hospital Reports,
t Med.-Chir. Tians. vol. xx.

lidered branches of the iliac arteries, rather of
tlie internal than of the external, the trunk of
the femoral itself being secondary to its own
branches, by which the blood is transmitted
into it from tlie iliacs.

When the interruption of the femoral occurs
below the origin of the profunda, the oblitera-

tion of the trunk is no farther necessary than
between the interruption and the origin of the
profunda on the one hand, if no other branch
intervene, and that of the next considerable
branch ujjon the other. In such case the pro-
funda artery becomes the main channel of th«
circulation through the lower extremity from its

origin downward, and the femoral with its

branches thenceforth arc to be regarded as
branches of it.

But when the interruption arises from aneu-
rism and the operation necessary for its cure,
obliteration of the femoral, to a greater or less

extent according to the case, for the most part
ensues : this appears to depend upon the in-
fluence, which the mode of cure of the disease
exerts upon the circulation through the vessel,
for the coagulation of the contents of the sac
being generally produced by the interruption
of the current of blood, the passage through
the sac becomes obstructed, and along with it

an extent of the artery upon both sides of the
seat of the aneurism greater or less according
to the disposition of the adjoining branches.
The extent to which the obliteration of the
artery has been found to proceed, has been
different in different cases, but the varieties

observed have been the following: 1. As re-
gards that part of the vessel which is above the
ligature, when the femoral artery has been
tied below the origin of the profunda for po-
pliteal aneurism, the vessel has been found,
when the ligature has been applied to the
lower part of the artery, either obliterated
from the ligature to the origin of the pro-
funda, as occurred in the first subject upon
whom Mr. Hunter* operated for popliteal aneu-
rism according to his method, or obliterated
upward only as far as the origin of those mus-
cular branches of the artery, which arise below
the profunda and anastomose with the articular
arteries. 2. When the ligature has been ap-
plied near to the origin of the profunda, as in

the operation of Scarpa, between it and the
origin of the branches alluded to, the artery
has been found obliterated from the point of
interruption to the origin of the profunda.
The condition of the artery below the seat

of the ligature is equally subject to variety

according to circumstances, and is still more
deserving of attention than the former : it has
been found in one of three states, either ob-
literated throughout from the origin of the
profunda down to the extremity of the popli-

teal artery, as occurred in the case reported

by Sir A. Cooper in the Medico-Chirurgical

Transactions, vol. ii., or pervious throughout

from the point of application of the ligature

to the seat of the aneurism, where it was

* Transactions of a Society for the improve.
Dicnt of Medical and Cbirurgical Knowledge,
vol. i.
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obliterated. Of this condition several in-

stances are cited by Hodgson,* and a most
remarkable one is in the possession of Mr.
Adams of this city, through whose liberality

the author is permitted to introduce a notice

of it. It was obtained from a patient who had
been operated on by the late Professor Todd,
and is remarkable, 1. because the ojieration

had been performed upon both limbs, and the

condition of both is, as nearly as may be, the

same ; 2. because the obliteration at the seat

of the ligature does not on either side exceed

an inch, on one not being more than half that

length ; and, 3. because the artery is pervious

on both sides from the obliteration of the

ligature to the lower part of the popliteal

artery, the obliteration at the seat of the dis-

ease appearing not to have extended beyond it;

and being, on both sides, about two inches

long. Thirdly, the artery has been found par-

tially and irregularly obliterated, the vessel

being closed at and for some distance below
the seat of the ligature; being then pervious,

the blood being conveyed into it by the in-

osculations between the minor branches of the

artery arising below the interruption and those

of the profunda from above ; and again im-
pervious below, the blood being conveyed
from it by similar branches anastomosing with
the articular arteries.

Tlie effect of ligature of the external iliac

upon the femoral artery, independent of the

influence of aneurism, has been already ad-

verted to. That effect is liable to be modified

by the presence of the disease ; thus in a case

related by Sir A. Cooper in the fourth volume
of the Medico-Chirurgical Transactions, in

which the iliac was tied for aneurism of the

femoral artery at the middle of the thigh, the

latter vessel was obliterated from the origin

of the profunda downward. The case, re-

corded by Mr. Norman, already referred to,

in which the external iliac was also tied,

presents another remarkable modification : in

It the femoral remained pervious, but the root

of the profunda was obliterated, while its

branches were open.

Operative relations of thefomoral artery.—
The femoral artery may be the subject of ope-

ration at any part of its course, there being

nothing either in its situation or relations to

forbid the exposure of it at any point, if cir-

cumstances should require it. All parts, how-
ever, are not equally eligible, the vessel being

in some situations more deeply situate, covered

by a greater number and depth of parts, and

its relations more complicated than at others.

It has been taken up in each of the three

stages into which its course has been divided,

and the operations, which may according to

circumstances be performed upon it, may with

advantage be referred to those. The propriety

of thus distinguishing them will appear in a

strong light, when those modifications, which

the anatomical relations of the vessel may
justify, shall have been discussed, as also from

the history of the operations, which have been

• Op. cit. 278, 9.

and ar« proposed to be performed upon the

femoral artery.

In its first stage the vessel may be tied

at two points, viz. either above or below the

origin of the profunda artery : the operation

at the former point, being performed under
circumstances different from those in which
that at the latter is admissible, may be con-

sidered apart from the others, and the de-

tail of it be [XJStponed until they have been
disposed of; while the operation in the second
case, and those in the second and third stages

have been at different times performed for the

same purpose—the cure of popliteal aneurism
—and therefore a comparison of their several

details and advantages merits attention. The
situation in which the femoral artery was first

taken up for popliteal aneurism is the third

stage of its course: here it was tied, as is

generally known, by J. Hunter. In his ope-
ration Hunter made " an incision on the an-

terior and inner part of the thigh rather below
its middle;" i.e. in the third stage; " which in-

cision was continued obliquely across the inner

edge of the sartorius muscle and made large
:"

the other steps of his operation it is not neces-

sary at present to particularize ; the author
would only remark, as a matter of history, that

Hunter's application of ligatures has been mis-
understood : he applied in his first operation

four ligatures to the artery, and it is com-
monly, if not generally, said that they were
drawn with various degrees of tightness ; but
such was not the case, they were tied all

equally tight : the account given in the report

of the operation being, " the artery was now
tied by both these ligatures," viz. the two upper,
" but so slightly as only to compress the sides

together. A similar application of ligatures

was made a little lower. The reason for hav-
ing four ligatures was to compress such a
length of artery, as might make up for the

want of tightness, it being wished to avoid

great pressure on tlie vessel at any one part."

The artery may be and has been frequently

taken up in the middle stage, and the ope-
ration, as described in several surgical works,
will be found to belong to, if not to be in-

tended for, that stage. During its two latter

stages the artery is covered by the sartorius

:

in its uppermost it is not covered by the muscle,
and consequently if it be necessary to displace

the muscle to bring the artery into view above
the last stage, it must be in the middle one,

and in the account of the operation given by
some of the highest authorities, the displace-

ment of the sartorius is stated as one of tlie

steps. This the author refers to not in a spirit

of criticism, but in order to mark more
strongly the distinction between the operations

at the several stages, and to direct attention to

the advantages possessed by that in the first

over the others; more particularly since de-
scriptions, which in strictness apply to the

operation in the middle stage, and at a part

of the artery's course below the first, may be
found so put forward that the operations at the

two points must be confounded ; and thus the

advantages contemplated by the proposer of
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the latter be lost. It will be recollected that

in the two inferior stages the artery is covered
by the sartorius and by two laminae of the

fescia lata, between which the muscle is

situate : the vessel is, therefore, similarly cir-

cumstanced in this particular throughout both,

but in some other important respects the re-

lations of the artery are different. 1. In its

middle stage the vessel is nearer to the anterior

Clane of thelimb. 2. The deep layer of fascia,

y which it is covered, is far less thick and
strong, particularly at its upper part. 3. The
artery is not so completely covered by the sar-

torius ; and for those reasons the vessel may
be more easily reached from before. These
constitute the principal anatomical conside-

rations why the midale stiige should be pre-

ferred to the lower for operation, but, since it

is at times requisite to tie the vessel in its last

stage, it is necessary to examine the influence

which its anatomical relations may have upon
the conduct of the operation at that part.

1. The greater depth of the artery from the

anterior surface of the limb renders a more
extended incision necessary : in cutting upon
arteries " the centre of the incision should be,"

as directed by Guthrie, " if possible directly

over that part of the artery on which it is in-

tended to apply the ligature." In the case of
the femoral artery in its third stage, the length

of the incision should not be less than from
four to five inches according to the volume of
the limb; its direction should correspond to

that of the sartorius, but it must be varied

somewhat according to the side of the muscle
upon which the operator may purpose to seek

the vessel. It should commence somewhat
below the middle of the thigh, and be con-
tinued as much upon the lower as upon the

middle third of the limb. 2. The artery is

situate, in its third stage, nearer to the outer

than the inner margin of the sartorius, and the

more so the nearer to its termination ; hence it

may be exposed with greater ease and cer-

tainty by cutting upon the outer edge of the

muscle and displacing it inward. Hunter, in

his operations, selected the inner margin, and
displaced it forward and outward; but this

proceeding is attended with disadvantages.

1. The saphena vein is more in the way and
exposed to danger of being divided since it

lies at this part, along or near the inner mar-
gin of the sartorius. 2. Tlie muscle lying more
to the inner than the outer side of the artery

must be more displaced, and the depth of the

wound for tlie same reason greater when the

vessel is sought from its inside.* 3. The ope-

ration must be more inconvenient and em-
barrassing, as well because of the former

difficulties as because it must be performed
more from the inside of the limb, and from
within outward, than in the metliod by the

* The contrary is mftintained by Lisfranc and
others ; but, according to the experience of the
author, without sufficient reason. He has care-
fully compared the depth of the wounds as made
upon the opposite sides of the muscle, and in the
subjects of examination that by the inside appeared
to him the deeper.

outer margin of the sartorius. Those objec-
tions are avoided by cutting upon the outer
edge of the muscle, against which, however,
it has been advanced that in that method the

vastus intemus may be mistaken for the sar-

torius, and that the wound being made from
before, there is not a depending and ready

outlet afforded to matter should it form, while

by the other there is. The former of these

objections cannot carry much weight, and for

the second the best plan for obviating tho

dangers of inflammation and suppuration is,

as much as possible, to render them unneces-

sary, which is best accomplished by selecting

that method by which the artery may be ex-

posed most easily, and with least disturbance

to the parts in its vicinity. To the writer,

therefore, it seems that the method by the

outer margin of the sartorius, which a])pears

to have been suggested by Hutchison, is the

more eligible in the operation for taking up
the femoral in its third stage. 2. The great

thickness and strength of the anterior wall

of the femoral canal both increase the dif-

ficulty of o])ening the canal, and render it

desirable that that structure should be freely

divided for the double purpose of &cilitating

the taking up of the artery, and preventing

the injurious effect which must be produced
by the confinement caused by the structure in

question in the event of inflammation extend-

ing along the vessel. 3. The relation of the

vein to the artery at this part, viz. posterior

and external, will make it more safe to pass

the needle round the latter from without than

from the outside ; this, however, is a rule

which cannot be strictly adhered to, for the

direction in which the instrument shall be
passed must be varied according to circum-
stances ; it would be difficult to pass it from
the outside in case the artery were exposed
from the inside of the sartorius ; but attention

to the caution demanded by the ])osition of
the vein is, * for this reason, only the more
necessary. 4. The saphenus nerve being here

within the femoral canal is to be carefully

avoided ; it will be so with certainty, if the

needle be carried from the outside. 5. The
mistake of confounding the superficial supe-
rior internal articular artery with the femoral

must be also avoided.* This mistake, which
has occurred, ought not however to occur
again in the hands of a well-informed surgeon,

for the possibility of it ought not to be lost

sight of in operations at the lower part of the

thigh ; and it may be easily avoided by re-

collecting, first, that the femoral itself is

within the femoral canal, and therefore that

any vessel, which presents before the division

of the anterior wall of the canal, which is so

remarkably thick in this situation that it can

hardly be overlooked, cannot be the one which
is sought for; and, secondly, that the course of

the branch within the canal, after its origin, is

very short, and therefore that in case of doubt

the vessel which presents, must, if the arti-

cular, conduct us directly to tlie trunk itself,

• See that vessel.
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when followed upward for a very ghort dis-

tance.

Lastly, the structures to be divided or put
aside in order to expose the artery are,—1. the

skin; 2. the subcutaneous cellular stratum;

3. the superficial lamina of the fascia lata,

forming the anterior wall of the sheath of the

sartorius; 4. the sartorius itself; 5. the deep
lamina of the fascia forming the posterior wall

of the sheath of the sartorius, and the anterior

wall of the femoral canal ; and, 6. the proper

sheath of the vessels.

The difference between the anatomical re-

lations of the operation in the middle and
inferior stages of the artery depends upon the

modifications to be observed in the relations

of the vessel at the two points, and also in

some of the parts concerned. The number
and order of the structures interposed between
the surface and the artery are the same as in

the third, but their disposition and relations

differ in some important particulars so much
as to authorize a difference in the proceedings

to be adopted, and to justify a preference in

favour of the former. 1 . Tlie artery is nearer

to the anterior surface of the limb, and the

more so the nearer to the commencement of

the stage : it is tlierefore more easily reached

and in the same proportion. 2. It is nearer

to the inner than the outer margin of the sar-

torius, and, in like manner, the more so, the

nearer to its upper extremity ; and hence it

may be brought into view with more ease and
with less disturbance of the muscle by dis-

placing its inner margin outward, than its

outer inward.

The latter proceeding is advocated by Hut-
chison for the purpose of avoiding the sa-

phena vein and the lymphatics. That the

vein will be effectually secured from danger

by cutting upon the outside o( the sartorius

will be at once admitted ; but it appears to the

author that the advantage contemplated will

be more than counterbalanced by the dis-

advantages attending it, and on the other hand
that the proceeding is not necessary: for, 1.

if the outer margin of the muscle be cut upon
in the middle of the vessel, the incision must
be made considerably external to the line of

the artery's course, and thereby the guide to

the vessel otherwise afforded by that line must
be lost, and uncertainty and consequently

embarrassment be likely to ensue in seeking

for the artery after having displaced the muscle.

2. Much more disturbance and violence are

likely to be inflicted upon the artery and the

adjoining parts by the plan in question, in-

asmuch as the vessel is so much nearer to the

inner than the outer margin of the muscle
;

in consequence of which the muscle must be

displaced to a much greater extent in proceed-

ing from without inward, and the obstruction

offered by it to the performance of the other

steps of the operation must lead to greater

violence either to the artery or to the muscle
;

and afterward a valvular wound must be left,

a circumstance very unfavourable in the event

of the occurrence of inflammation and sup-

puration in the vicinity of the track of the

vessel, and those objections are the stronger

because the artery is usually sought at the

upper part of the stage, where it is but little

overlapped by the muscle. On the other hand
the saphena vein ought not to be endangered
in the operation, for it is situate so far internal

to the artery that the incision ought not to fall

upon it. The case is different from that of cut-

ting upon the inner margin of the sartorius

during the third stage of the vessel ; for there

the vein is for the most part close to the edge
of the muscle, and the wound must be in-

clined in depth from within outward, by which
direction the vein is interposed between the

surface and the artery ; whereas, in the second
stage, whether the opei^tor, in proceeding by
the inner margin of the muscle, cut directly

upon the artery's course or upon the edge of
the sartorius, there is sufficient space between
it and the vein to leave the latter safe. The
course of the artery may be crossed at any part

by the superficial femoral veins, as has been
explained, and they, if they present, will be
in danger of division ; but this inconvenience

would not be removed by the plan in question,

whereas both it and the danger to the saphena
may be avoided by an easier and less ob-
jectionable proceeding than that of cutting

upon the outer edge of the sartorius, viz. 1.

by ascertaining, through means of pressure,

the situation and course of the veins ; and, 2.

by proceeding with somewhat more caution,

where there is reason to expect their presence,

dividing first only the skin and continuing the

incision through the subcutaneous structure,

not by a single stroke, by which the vein if in

the way must necessarily be divided, but gra-

dually, until the vessel has been exposed and
drawn aside. It seems therefore to the author

not only unnecessary, but very objectionable

to cut upon the outer margin of the sartorius,

in exposing the femoral artery above the mid-
dle of the thigh. 3. The anterior wall of the

femoral canal is much thinner than in the

third stage, and therefore more easily ma-
naged. 4. The vein is directly behind the

artery, and therefore the needle may be passed
with equal safety from either side, according

to circumstances : in operating by the inner

margin of the sartorius it will be more easily

done from the inside : the position of the vein

and its close connection to the artery render

it especially necessary that the extremity of
the needle be kept in contact with the artery

in being carried behind it. The saphenus
nerve requires the same attention as in the

third stage.

But the situation in which it is at present

generally considered most eligible to expose
the artery for the application of a ligature, when
circumstances do not forbid a choice, is that

recommended by Scarpa, viz. in the upper
third of the thigh, and in the first stage of the

artery's course as described in the account of

the anatomical relations of the vessel. In his

description of the details of the operation,

Scarpa directs thus : " The surgeon pressing

with his fore-finger will explore the course of

the superficial femoral artery, from the crural
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arch downward, and when he comes to the

place where he does not feel any more, or very

confusedly, the vibration of the artery, he will

there fix with his eye the inferior angle or ex-

tremity of the incision which he proposes to

make for bringing the artery into view. This

lower angle of the incision will fall nearly on

the internal margin of the sartorius muscle,

just where this muscle crosses the course of the

femoral artery. A little more than three inches

above the place pointed out, the surgeon will

begin his incision and carry it along the thigh

in a slightly oblique line from without inwards,

following the course of the femoral artery as

far as the point fixed with the eye." By this

incision the skin and cellular substance are to

be divided, and the fascia lata exposed, " then

with another stroke of the bistoury, with his

hand free and unsupported, or upon a furrowed

probe, he will divide along the thigh, and in the

same direction as the external wound the fascia,

and introducing the fore-finger of his lefl hand
into the bottom of the incision, he will imme-
diately feel the strong beating of the artery, and

this without the necessiti/ of removing the in-

ternal margin of the sa'-toriusjrom its position,

or at least very little. With the point of the

fore-finger of the lefl hand already touching the

artery, the surgeon will separate it from its

lateral connexions and from the vein;" after

which the ligature is to be carried round it by
means of a blunt aneurism-needle. The author

has introduced the preceding account in order

to fix the ])recise situation of the operation as

performed by Scarpa, because it appears to him
that it has been to a certain degree lost sight of,

and also to direct attention more strongly

to the advantage proposed by that distin-

guished surgeon in the adoption of the method
which he has recommended. A very brief

consideration of the descriptions given by se-

veral writers^ of the proceedings to be adopted

in the 0[)eration of taking up the artery in the

upper part of the thigh will suffice to shew
eitlier that Scarpa's method has been con-

founded more or less with the operation at a

lower point, or that its advantages have been

disregarded : thus, while it is stated that the

part of the limb in which the femoral artery

can be tied with the greatest facility is between
four and five inches below Poupart's ligament,

and which is Scarpa's point.f the displacement

of the sartorius is accounted a part of the ope-
ration, and it has even been debated whether
the incision should not be made on the outer

edge of the sartorius, and the artery exposed
by drawing the muscle inward ; but the dis-

placement of the sartorius is not only not a
necessary part of Scarpa's plan, but is that

particular the avoidance of which he proposed

to himself by the method he selected ; from
whence it will appear that the operation, as

described in the accounts alluded to, refers,

strictly speaking, to the second and not to the

first third of the vessel's course, within the

latter of which it must be performed in order

* Hodgson, &c.

t The distance at which the sartorius crosses the
artery variea according to the sttiiure.

to avoid the sartorius. The structures to be
divided in this operation are, 1. the skin, 3.
the subcutaneous cellular structure, 3. the
fascia lata, forming the anterior wall of the
femoral canal. The extent of the superficial

incisions need not exceed three inches, com-
mencing above either according to the rule of
Scarpa or about two inches below Poupart's
ligament : the direction in which they should
be made ought to correspond as nearly as pos-
sible with the course of the artery. The extent

to which the fascia lata is to be divided is

stated differently by different writers : by some
it is directed to be divided to the extent of
about an inch : the direction of Scarpa is not
precise upon the point in the text, though it is

plain that he intended it should be divided to

a much greater length than an inch, but in a
note it is strongly insisted that the division of
the fascia should correspond in extent to that

of the external wound. Two reasons present

for this : 1. greater facility in the performance
of the operation, and less disturbance in con-
sequence to the artery ; 2. the avoiding the
injurious effects which must be produced by
the confinement consequent upon too limited

a division of the fascia in the event of the

supervention of inflammation. It cannot be
doubted that a division of an inch is altogether

too short to meet those considerations, and that

the fascia ought to be divided to a greater ex-
tent ; on the other hand it does not appear that

advantage would be gained by so free a divi-

sion as that recommended by Scarpa ; and the
rule of Guthrie seems the best calculated to ac-
complish the ends in view : he advises the fascia

to be divided for the space of two inches. The
division maybe effected either with or without
the t\ssistance of the director. It will be well
to recollect here that, at the point at which the
sartorius is about to overlap the artery, a da-
plicature of the fiiscia takes place in order to

enclose the muscle, and hence that, if the
opening of the canal be attempted at the lower
extremity of the stage, and close to the muscle,
two layers of the fascia may require to be di-

vided before this purpose can be accomplished.
The femoral canal having been opened by the

division of the fascia lata, the next step in the

operation is the division of the proper sheath
of the vessels and the insulation of the artery.

Previous to this, should the internal genicular

nerve be found to cross the canal superficial to

the artery at the part, at which tlie vessel is

to be detached from the contiguous parts, it

should be separated and drawn outward. The
insulation of the arteiy Scarpa recommends to

be effected with the finger, raising the vessel

from the wound even along with the vein if

necessary; such a proceeding, however, must
be very objectionable, as inflicting great dis-

turbance and violence upon the artery. It is

to be recollected that in order to insulate the

artery it is necessary to divide or lacerate the

investment, which immediately encloses the

two vessels and connects them to each other,

and which has been elsewhere denominated

the femoral sheath ; this, though thin, is dense,

and is to be expected to offer resistatice to the
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separation of the artery from the vein : the best

method of effecting this, as it seems to the

author, will be, after having opened the sheath

directly over the centre of the artery either by

a touch of the knife or first nipping up a part

of it with the forceps ; making an aperture

into it with the blade of the knife held horizon-

tally, and extending the opening upon a di-

rector to the length of " three-quarteis or an

inch," as recommended by Guthrie ; then with

the forceps to take hold of each portion of the

sheath in turn and drawing it to its own side,

outward or inward as the ease may be, to de-

tach the artery from it with the extremity of a

director or of the aneurism-needle, moving the

extiemity of the instrument gently upward and
downward at the same time that the vessel is

carried, by means of it, in the opposite direc-

tion from the side of the sheath which is in

the forceps ; by this proceeding the artery may
be easily and safely insulated almost, if not

quite, round, and with little if any disturbance

to it. That done, the needle and ligature may
be carried round the artery : the performance

of this, which is the most delicate step in the

operation, will be found much facilitated by
the separation of the artery as recommended

;

in fact, little more will then remain than to

pass the needle, the passage having been al-

ready opened. In doing so it will be well to

hold the inner portion of the sheath, with the

forceps, inward and backward, by which the

vein will be drawn away from the artery, and
at the same time to insinuate the blunt extre-

mity of the aneurism-needle round the artery

from within outward, because of the situation

of the vein, movmg it, if any obstruction be

encountered, upward and downward, while it

is also carried forward, and bearing the artery

somewhat outward with it at the same time

;

when the extremity of the needle has appeared

on the outside of the artery it may be liberated,

if necessary, by a touch of the scalpel upon it.

In the execution of this manceuvre two acci-

dents are to be avoided, viz. injury of the

vein, and inclusion of the saphenus nerve

:

the close juxta-position and attachment of the

former to the artery render much care neces-

sary to leave it uninjured ; but the proceeding

recommended will, if carefully executed, cer-

tainly preserve it from being wounded. The
saphenus nerve is here on the outside of the

artery, and might be included within the liga-

ture if the extremity of the needle were carried

too far outward ; the operator should therefore

assure himself, before tying the ligature, that

the nerve has not been included ; but the risk

of this accident ought not to be great at this

part of the artery's course, certainly not so

much so as at a lower point, inasmuch as the

nerve has as yet hardly entered the femoral

canal, and is therefore separated from the ar-

tery by more or less of its outer wall ; and with

the precautions recommended in insulating the

vessel and passing the ligature it will almost

certainly be excluded at every part : the possi-

bility of the accident is, however, not to be

lost sight of. The needle having been carried

round the artery, the ligature is to be taken

hold of with th« forceps, and one end drawn
out, after which the needle is to be withdrawn.
The advantages of the part chosen by Scarpa
for this operation are numerous and obvious :

1. the artery is nearer to the surface and has

fewer coverings; there is therefore less to be

divided in order to bring it into view; 2. the

vessel being more superficial, its pulsations can
be more distinctly felt and its course ascer-

tained previous to operation, a guide wanting
in the lower parts of the thigh ; 3. " the ope-
ration is done," as Guthrie observes, " on that

part of the artery which is not covered by
muscle, and all interference with the sartorius

is avoided : this method obviates all discussion

as to placing the ligature on the outside of the

muscle." Tlie plan of cutting upon the out-

side of the sartorius in the upper stage of the

artery must be, if contemplated by any, a pro-

ceeding hardly defensible in the ordinary dis-

position of the muscle, for all the reasons ad-

vanced already against its use in the second
stage apply with much greater force to it in the

former case ; but it is at the same time to be
observed that the distance of the point at which
the muscle crosses the femoral artery is not ab-
solutely regular, and that great deviation in

this respect might render it necessary even to

cut upon the outer margin of the muscle in

order to expose the artery in the first third of
its course. The distance from Poupart's liga-

ment at which the muscle ordinarily crosses is,

according to the stature, from three and a half

to five inches, but it may in certain cases be
found to cross so much sooner that the artery

could not be exposed below the origin of the

profunda without displacing the muscle ; thus

Burns* mentions that he has seen, in conse-

quence of malformation of the pelvis, the artery

covered by the muscle, before it had reached
two inches below the ligament, and the author
has witnessed the same from retraction of the

thighs, consequent apparently upon long con-
finement to bed ; in the latter case it would
certainly have been more easy to expose the

vessel from the outer than from the inner side

of the muscle ; but such cases are to be re-

garded only as exceptions to be borne in mind,
but not to influence our general conduct.

4. The performance of the last and most deli-

cate parts of the operation must be much more
easy and less embarrassed, the interference of

the sartorius being avoided; while, on the other

hand, all apprehension on account of the pro-

funda is removed, since that vessel seldom, if

ever, arises fiirther than two inches from Pou-
part's ligament, and the course of the case after

operation is more likely to be favourable and
exempt from untoward occurrences, since much
less violence must be done, and the superven-

tion of injurious inflammation or its conse-

quences thereby prevented.

The operation for taking up the femoral ar-

tery above the origin of the profunda is not often

required, and, except in case of wound, may pro-

bably give place altogether to that of tying the

external iliac : it presents no advantage over

• Op. cit. p. 321.
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the latter, it does not promise more successful

results: sliould secondary hemorrhage succeed

to it, there is little pros[)ect that the ligature of

the iliac would afterward succeed, and the

uncertainty existing with regard to the point of

origin of the profunda raises a very strong ob-

jection against it, inasmuch as we cannot know
whether the origin of that vessel be above,

below, or at the point at which the ligature is

to be applied : it is further exposed to the

difficulty, before adverted to, wliich is likely

to arise in cases of high origin of the profunda,

in which that vessel may be taken for the

femoral, and thus another source of embar-
rassment be encountered.

In the jierforraance of it the following struc-

tures will present : 1. the skin ; 2. the subcu-

taneous cellular stratum along with the inguinal

glands and the superficial inguinal vessels of

the latter : those which are most exjwsed to be

divided are the superficial epigastric and its

branches ; the superlicial anterior iliac and the

superficial pudics may be encountered, but

they are less likely ; 3. the superficial lamina

of the iliac portion of the fascia lata; and 4.

the prolongation of the fascia transversalis,

which forms the front of the femoral sheath.

An incision three inches long will suffice ; it

should commence above Poupart's ligament,

and be continued in the line of the vessel for

two inches below it.

If the superficial vessels bleed, on division,

so much as to interfere with the course of the

operation, they should be at once secured;

otherwise they will probably cease themselves,

and give no fiirther trouble.

The lymphatic glands, if in the way of the

incisions, may be either held aside or removed.

The iascia lata and sheath may be treated in

the same manner as in the other operations

described ; they can be easily distinguished in

consequence of the thin stratum of fat which is

usually interposed.

The insulation of the artery and the passage

of the needle require the same precautions as

in the operations at other parts of the vessel's

course. Tlie vein being placed along the inside

of the artery the needle should be passed from
that side.

Tlie crural nene and its branches are here

altogether safe, as they lie without the femoral

canal, but, as lias been before pointed out, the

crural branch of the genito-crui-al nerve may
be included in the ligature; it will be most
certainly avoided by the careful insulation of

the artery : the operator should also assure

himself, before tying the ligature, that no fila-

ment is enclosed.

Should two arteries present, as described in

the anatomy of tlie profunda, and a question

arise as to which is the femoral, the criteria

pointed out will enable the operator to decide

(see profunda arterij) ; and the difficulty will,

almost certainly, be altogether avoided by cut-

ting directly upon the centre line of the femoral

as ascertained by its pulsations.

Operutiun on the profunda arltty.—From
the anatomical details it follows that in the ma-
jority of cases the profunda is situate, in the

VOL. II.

first stage of its course at least, at tl>« outer or

iliac side of the femoral artery, though upon
a plane posterior to that vessel : it has also, at

the same time, the same coverings, differing

only in being contained in a sheatli proper to

itself; and hence, if necessary, the profunda
might be reached in that situation by an opera-

tion similar to that for exposing the femoral

itself at the same place, in which much advan-
tage would be obtained by first exposing the

latter vessel, and following it as a guide to

tlie origin of the former ; which, if in its usual

situation, will be exposed by displacing the

femoral inward, and then the proper sheath of
the profunda should be opened to a certain ex-
tent, in order to allow the application of the

ligature at a sufficient distance from the origin

of the vessel. But in the inferior stages of its

course it may be laid down, as a general rule,

that it cannot be reached from the front of the

thigh, inasmuch as, with the exception of those

cases in which it is throughout external to the

femoral, and in which, from its deep position

and the want of a guide to its exact situation,

the rule will yet equally apply, it is not only
more deeply seated, but it is separated from
the anterior surface of the limb by the super-
ficial femoral artery, and by the femoral, pro-

fiinda, and circumflex veins, as well as by the

coverings of the femoral vessels, and lastly by
the adductor longus muscle. In any case, did
circumstances render necessary the attempt to

tie the profunda, it would be an operation in

which much uncertainty and difficulty mu'st be
anticipated, in consequence of the varieties

presented by tliat artery in its origin and
course.

For Bibliography see ANATOMY (INTRODOC-
TION), and ARTEBY.

(B.Alcock.)

FIBRINE, (FT.fihrine; Germ. FaserUoff.)
Under this name physiologists and chemists
have generally described the animal proximate
principle constituting that part of muscular
fibre which is insoluble in cold water, and that
portion of the coagulum of blood which re-
mains after the removal of its colouring matter.
The fibrine of blood is best obtained by

stirring a quantity of fresh-drawn blood with a
piece of wood, to which the coagulum adheres,
and may aftenvards be washed in large and
repeated portions of water till it loses its co-
louring particles, and remains in tlie form of
a buff-coloured, fibrous, and somewhat elastic

substance ; this may then be partially dried by
pressure between folds of blotting-paper, di-
gested in alcohol to remove fat, and then care-
fully dried, during which process it loses about
three-fourths of its weight, and becomes brittle

and of a yellowish colour : it is insipid and in-

odorous. In cold water it slowly resumes its

original appearance but does not dissolve:
when, however, it is subjected to the long-
continued action of boiling water it shrinks
and becomes friable, and a portion of a newly-
formed substance is at the same time taken up
by the water, which gives it a yellowish colour
and the smell and tiste of boiled meat, and
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wliith, when obUiined by evaporation, is brittle,

yellow, and ii:^aiii solul)le in water: tills solu-
tion is rendered tmbid by infusion of sralls,

but the precipitate differs from that yielded by
gelatin, and appears to be a distinct product.
The insoluble residue has lost its original cha-
racters; it no longer gelatinises with acids or

alkalies, and is insoluble in acetic acid and in

caustic ammonia.
The action of acids and alkalies upon the

fibrine of blood has been studied in detail by
Berzelius and others; the following is an ab-
stract of dieir results.*

All the acids, except the nitric, render fibrine

transparent and gelatinous : the diluted acids

cause it to shrink up. In sulphuric acid it

acquires the appearance of a bulky yellow jelly,

which immediately shrinks upon the addition

of water, and is a combination of the acid and
fibrine; when well washed upon a filter it gra-

dually becomes transparent and soluble, and
in that state is a neutral sulphate offibrine. It

is again rendered opaque by dilute sulphuric

acid, and is precipitated from its aqueous solu-

tion by that acid in the form of white flakes,

which appear to be a supersulphate. When
fibrine is heated in sulphuric acid, both are

decomposed, the mass blackens, and sulphu-
rous acid is evolved. If the colouring matter
has not been entirely washed out of the fibrine,

the sulphuric solution is of a brown or purple
colour.

Nitric acid communicates a yellow colour to

fibrine, and, if cold and dilute, combines with
it to form a neutral nitrate, analogous to the

sulphate When fibrine is digested in nitric

acid, nitrogen is evolved, and its composition
considerably changed, as we shall more parti-

cularly mention in describing the action of this

acid on muscular fibre.

Muriatic acid gelatinises fibrine and then
gradually dissolves it, forming a dark blue
liquid, or purple and violet, if retaining any
ha;matosin. This solution, when diluted with
water, deposits a white muruite of fibrine,

which; like the sulphate, gelatinises when the

excess of acid is washed away, and becomes
soluble, and is again tlirown down from its

aqueous solution by excess of acid. The blue
liquid, after the separation of the precipitate by
dilution, retains its colour, but loses it when
saturated with ammonia, and with excess of
ammonia becomes yellow. Fibrine digested

in dilute muriatic acid is converted into the

same white compound as that precipitated

by water from the concentrated muriatic solu-

tion. When boiled in the acid, nitrogen is

evolved, and a solution is obtained, which, after

the saturation of the acid, is precipitated by
infusion of galls, but not by alkali or ferrocy-

anuret of potassium ; on evaporating the solution

to dryness a dark brown saline mass remains,

so that the fibrine appears to have uudei-gone

some decomposition.

* Berzelius, Lehrbuch derThier-Chemie, Woh-
ler*5 Gijnnan translation. Dresden, 1831. See
also Mefiico-Cbirurgical Transactions, vol. iii.

p. 201.

A solution of lecently-fused phosphoric acid

acts u|ion fibrine in the same way as the sul-

phuric acid ; but if the acid solution has been
kept for some weeks, the fibrine then forms

with it a soluble jelly, which is not precipitated

by excess of acid.

Concentrated acetic acid converts fibrine into

a jelly easily soluble in warm water. When
this solution is boiled, a little nitrogen is evolved,

but nothing is precipitated ; when gently eva-

porated, it gelatinises, and leaves, on desic-

cation, an opaque insoluble residue. The other

acids added to this acetic solution produce

precipitates which are compounds of fibrine

with the added acid. Fibrine is also preci-

pitated from the acetic solution by caustic pot-

assa, but is redissolved by excess of alkali.

The acetic solution of fibrine is precipitated

in white Hakes by feriocyanuret of potassium :

this precipitate, when dried, appears to be a
compound of fibrine with cyanuret of iron

and hydrocyanic acid ; it is insoluble in dilute

acids, but is decomposed by caustic alkalis,

which abstract the cyanuret of iron and hydro-
cyanic acid, and the remaining fibrine first

gelatinises and then dissolves. 100 parts of
this compound, carefully dried at 167°, and
then incinerated in a weighed platinum cru-

cible, gave 2.8 red oxide of iron,=7.8 of the

combination of cyanuret of iron with hydro-
cyanic acid; whence it follows that 92.2 of
fibrine were contained in the white precipitated

compound.
Caustic potassa, even much diluted, dissolves

fibrine. If the solution is very dilute, the

fibrine gradually forms a bulky jelly, which,
heated in a close vessel to about 130°, dissolves

into a pale yellow liquid, not quite transparent,

and which soon clogs a filter. The yellow tint

appears to arise from the presence of a small
portion of adhering haematosin. When this

alkaline solution is saturated by muriatic or
acetic acid, it exhales a peculiar fetid odour and
blackens silver, announcing the presence of
sulphur, so that the animal matter seems to

have suffered some slight change. It is stated

by Berzelius that fibrine is capable of neutral-
izing the alkali, and that such neutral com-
pound may be obtained by dissolving the

fibrine in the alkaline solution, and adding
acetic acid till it begins to occasion a precipi-

tate ; the filtered liquid is then perfectly neu-
tral, but the potassa bears a very small propor-
tion to the fibrine. This neutral .solution, he
says, much resembles white of egg, and is

coagulated by alcohol and acids, though not by
heat. Oently evaporated, it gelatinises, and,
when dry, assumes the appearance of albumen
dried without coagulation. In this state it

dissolves in warm water, and is first thrown
down, and then redissolved by the acids when
added in excess. Alcohol throws down nearly

the whole of the fibrine from its neutral alkaline

solution : if there be excess of alkali, much of
the fibrine is reuined. Mr. Ilatchett found that

fibrine, when digested in strong caustic potassa,

evolved ammonia and yielded a species of soap;

acids occasion a precipitate in this solution

which is altered fibrine, for it neither gelati-
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nises nor dissolves in acetic acid: ammonia acU
as potassa, but less energetically.

vV hen fibrinc is digested in solution of per-

sulphate of iron, or of copper, or of jierchlo-

ride of mercury, it combines with those salts,

shrinks up, and loses all tendency to putre-

faction. When the alkaline solution of hbrine
is decomposed by metallic salts, the precipitate

consists of the tibrine m combination with the

metallic oxide; some of these compounds are

soluble in caustic potassa.

Tannin combines wiih fibrine, and occasions

a precipitate both in its alkaline and acid solu-

tions: the tanned fibrine resists putrefaction.

The ultimate composition of fibrine has been
determined by Gay Lussac and Thenard, and
by Michaelis, who made a corajMralive ana-
lysis of that of arterial and venous blood : the

following are their results:—
Gay Lussac Michaelis.
and Thenard. Arterial. Tenoua.

Nitrogen . .19.934 17.587 17.267
Carbon . .53.360 51.374 50.440
Hydrogen 7-021 7.254 8.228

I Oxygen ,.19.685 23.785 24.065

100.000 100.000 100.000
The mean of these results gives nearly the fol-

lowing atomic comjiosition :—
Atoms. £quivaleQt5. Theory.

Nitrogen 1 14 1 9.72
Carbon 6 36 50.70
Hydrogen 5 5 7.04

Oxygen 2 16 22.54

1 71 100.00
In reference to this atomic estimate, which

is suggested by Leopold Gmelin,* Berzelius

observes, that from the feeble saturating power
of fibrine, its equivalent number is probably
very high, that is, that it includes a larger

number of simple atoms; but as we have at

present no accurate means of determining its

combining proportion or saturating power, its

atomic constitution cannot be satisfactorily

determined. Moreover, it appears that in the
above analyses the fat was not separated, nor is

any notice taken of the minute )>ortion of sul-

phur, the presence of which has been above
adverted to.

When Berzelius first obtained fot from fibrine

by digesting it in alcohol and in ether, he con-
cluded that it arose from the decomposition of
a portion of the fibrine by those agents ; that it

was a product and not an educt ; but the sub-
sequent experiments of Chevreul leave no
doubt that the fat exists ready formed in the
blood. This fat is very soluble in alcohol, and
tlie solution is slightly acid; when it is burned,
the ash, instead of being acid, like that of the
fatty matter of the brain, is alkaline, whence
it appears that it existed saponified, or partly
so, in the blood.

Another important variety of fibrine is that
which constitutes muscular fibre, but it is so
interwoven with the nerves and vessels and
cellular and adipose membrane, that its pro-
perties are probably always more or less modi-

* Handbuch der Theoretischen Chemie.

fied by foreign matters. The colour of muscles
ap|)ears to depend upon that of the blood in

their capillary vessels; and their moisture is

referable to water, which may be ex|)ellcd by
drying them upon a water-bath, when they lose

upon an average 75 per cent. If muscular
fibre in thin slices is washed with water till

all soluble matters are removed, the residue,

when carefully dried, does not exceed 17 or 18
per cent, of the original weight.

To obtain the fibrine of a muscle, it must be

finely minced and washed in repeated portions

of water at 60" or 70", till all colouring and
soluble substances are withdrawn, and till the

residue is colourless, insipid, and inodorous;

it is then strongly pressed between folds of

linen, which renders it semitransparenl and
pulverulent. Berzelius observes that in this

state it becomes so strongly electro-positive

when triturated, that the particles repel each

other and adhere to the mortar, and that it stil

retains fat which is separable by alcohol or

ether. When long boiled in water, it shrinks,

hardens, and yields a portion of gelatine de-
rived from the insterstitial cellular membrane;
the fibrine itself is als6 modified by the con-

tiniied action of boiling water, and loses its

solubility in acetic acid, which, when digested

with it in its previous state, forms a gelatinous

mass soluble in water, but slightly turbid from
the presence of fat and a portion of insoluble

membrane, derived apparently from the vessels

which pervaded the original muscle. It is

soluble in diluted caustic potassa, and precipi-

tated by excess of muriatic acid, the precipitate

being a compound of fibrine with excess of

muriatic acid, and which, when washed with
distilled water, becomes gelatinous and soluble,

being reduced to the state of a neutral muriate
of fibrine.*

When the fibrine of muscle is mixed with
its weight of sulphuric acid, it swells and dis-

solves, and, when gently heated, a little fat

rises to the surface and may be separated : if

the mass is then diluted with twice its weight
of water and boiled for nine hours, (occasion-

ally replacing the loss by evaiioration,) am-
monia is formed, which combines with the

acid, and on saturating it with carbonate of

lime, filtering, and evaporating to dryness, a
yellow residue remains, consisting of three

distinct products : two of these are taken up
by digestion in boiling alcohol of the specific

gravity of .845, and are obtained upon evapo-

ration ; this residue, treated with alcohol of the

specific gravity of .830, communicates to it (1)
a portion of a peculiar extractive matter, and
the insoluble remainder (2) is white, soluble in

water and crystallisable, and has been called

by Braconnot leueine.f It fuses at 212°, ex-

• It will be observed, by reference to the article

ALBi;men, that that principle and Jibrine, if not
identical, arc very closely allied, and appear rather

to differ in organization than in essential chemical
characters : accordingly the fibrine of the blood may
be considered as a modification of seralbumen. and
that of muscular fibre as little differing from the
fibrine of the blood.

t Ann. de Cbim. et Phys. xiii. 119.
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Iwling the odour of roasted meat, and partly

sublimes : it is difficultly soluble in alcohol.

It dissolves in nitric acid, and yields on eva-

poration a white crystalline compound, the

nilru-leucic acid. The portion of the original

residue which is insoluble in alcohol (3) is

y«llow, and its aqueous solution is precipi-

tated by infusion of galls, subacetate of lead,

nitrate of mercury, and persulphate of iron.

It appears therefore that the products of the

action of sulphuric acid ujion the fibrine of

muscle, are, 1, an extractive matter soluble in

alcohol; 2. leucine; and 3. extractive, inso-

luble in alcohol but soluble in water.

(W. T. Brunde.)

FIBRO-CARTILAGE, (Cartitago liga-

mentosav.fibrosa; Fr. Tissu fibrocartilagineiix

;

Germ. Faser-Knorpel oder Band-Knorpel).—
As early as the time of Galen we find certain

organs distinguished by the appellation *£t/^o-

•^ofJ^wJtt a-vt^i<7f/,oi, and Fallopius uses a

similar term, namely, chondrosyndesmos, as

denoting a substance distinct from true carti-

lage. Haase* also, who wrote in 1747, speaks

of two structures different from true cartilage,

under the names of cartilugines Ugamentosa
ajid cartilagines mixta:. Bichat likewise recog-

nised a class of tissues distinct from pure

cartilage, and by him it would appear that the

name fibro-cartiluge was first employed.
It is evident that no organ should be classed

under the head of fibro-cartiluge unless it con-

sist distinctly of fibrous tissue and cartilage

intermixed, and thus combine not only the

structure but the properties of both, the strength

and power of resistance of the one, and the elas-

ticity of the other ; nevertheless, we shall find,

in examining the various structures which are

admitted by anatomists to be fibro-cartilaginous,

that the fibrous tissue predominates in such a

manner as to justify Declard in regarding fibro-

•cartilage as a portion of the Ligamentous struc-

ture, which might be designated cartilaginiform

ligamentous oi'gans. The distinction was fully

admitted too by Mr. Hunter in reference to

the texture of the so-called inter-aiticular car-

tilages. Speaking of that of the temporo-

maxillary articulation, lie says, " its texture is

!igamento-cartilaginous."t

The classification of fibro-cartilages adopted

by Meckel seems to me to be the best ; he

arranges them under three classes;— 1. Those
whose two surfaces are free wholly or at least

in great part, and whose edges are united to

the synovial capsules, the movi able fibro-car-

tilages of articulation. 2. Those which are

free by one of their surfaces, and which adhere

to bone or tendon by the other : these are

the fibro-cartilages of tendinous sliaiths, or

those which limit the articular cavities, and may
be called fibro-cartilages of circumference or

cylindricalfibro-cartilages. 3. Those whose two

nurfaees are adherent in their entire extent to

the bones between which ihey are placed.

• De fabrica cartilagiimm, Lipsix, 1747,

t flunter on the Teeth.

Of these classes the first and third and some

of those which come under the second belong

to the articulations. Their forms and structure

have already been described in the article

ARTituLATioN. I may here, however, notice

the statement of Weber* in regard to the discs

interposed between the vertebiffi, which have

been generally regarded as fibro-cartilaginous.

This anatomist denies that they exhibit any

intermixture of cartilaginous substance, and

considers that this is rendered manifest by

stretching tlie intervertebral substance, by which

it becomes reduced to a fibrous expansion

(sehnighautige Masse) ; he consequently places

these intervertebral discs among the fibrous

tissues. There can be no doubt that the cir-

cumference of each disc is purely fibrous, and

that the concentric vertical lamellae of fibrous

tissue extend for some distance towards the

centre of the disc ; but I am at a loss to per-

ceive any resemblance to fibrous tissues in the

soft and elastic, and yielding substance which

forms the centre. It seems to me that this

texture can only be regarded as a modified

form of cartilage, differing in its want of

density from the ordinary cartilage, whether

permanent or temporary. The intervertebral

substance, however, to whatever texture it may
ultimately be decided to belong, does present

very striking differences from the other organs

which are placed among the fibro-cartilages.

It is in the fibro-cartilages of the second

class that we see most uniformly the inter-

mixture of the fibrous and cartilaginous texture,

although here, likewise, the fibrous tissue pre-

dominates over the cartilaginous.

The fibro-cartilages are remarkable for their

great flexibility, in virtue of which they are

enabled to resist fracture, and this property is

no doubt owing to the intermixture of fibrous

tissue; cartilaginous laminae, on the other hand,

are easily broken by bending, and many of

them exhibit a fibrous appearance on the surface

of the fracture, which, however, arises from

the irregular fracture and not from the existence

of fibres. Fibro-cartilages are of a dull white

colour and quite opaque ; they have no perichon-

drium, but are either in immediate connexion

with bone, being inserted into it by their fibrous

bundles, or are covered by the synovial mem-
brane of the joint in which they are enclosed.

Their physical and vital properties are those

which belong to pure cartilage and to fibrous

tissue. Their force of cohesion is very great

and sur|)asses even that of bones. They are

nwre vascular than pure cartilage, but in the

natural state they admit very few vessels carry-

me, red blood.
" Bichat examined the fibro-

cartilages in an animal which died asphyxiated,

and found these organs not injected. The
remarkable manner in which fibro-cartilages

resist the influence of a compressing tumour, as

a pulsating aneurism, is well known ; while by

such means the bodies of the vertebra are

completely destroyed, the intervertebral discs

will remain quite uninjured.

• Einige Beobachtungen iiber das Structur der

Knorpel und Fascr-Knorpel, in Meckel's Archiv

for 1827.
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Fibro-cartilages dry readily when exposed
to,the air and become of a deep yellow colour;

they resist for a very long time, many months,
the influence of maceration, and by long-con-

tinued boiling ihey become convened into a
gelatinous substance. Their chemical compo-
sition is said to be made up of albumen, phos-
phate of lime, chlorurcts of sodium and of
potassium, sulphate of lime and other salts,

usually found in animal textures.

The microscopic characters of fibro-cartilage

do not seem to have been investigated with the

same care a.s those of many other textures. I

have examined by transmitted light very thin

slices of the hbro-cartilages in the knee and
temporo-maxillary joint, and the appearance
presented was uniformly that of a very compli-
cated cellular structure, composed of minute
meshes, very irregular in size and shape. In
examining the intervertebral substance I have
distinctly seen, towards the circumference of
the disc, those tine and uniform cylindrical

fibres with wave-like bendings described and
figured by Jordan ;• but towards the centre the

texture exhibited the cellular appearance with

larger meshes, similar to that seen in the fibro-

cartilages of the knee and joint of tlie lower

jaw.t
Of the structures placed by Bichat among

the fibro-cartilages, some have been considered
by Meckel, Beclard, Weber, and other anato-

mists to be pure cartilage, and as it seems to

ine with much justice. These are the membra-
niform cartilages of the external ear. Eustachian
tube, nose, larynx, trachea, and eyelids. The
cartilaginous nature of most of these textures

is very a|)parent upon carefully dissecting off

the dense perichondrium which invests them,
and to which, doubtless, they owe their flexi-

bility, or more correctly, by which they are

prevented from being fractured under the

influence of a bending force. Careful micro-
scopic observation may assist materially in

affording marks indicative of pure cartilage;

and as the observations of Purkinje, Miiller,

and Miescher approach in some degree to this

object, I have thought it not foreign to the

subject of this article to introduce here some
account of these researches. The results of
Purkinje's examinations of the minute structure

of bone as well as cartilage were published in

the year 1834 in an inaugural dissertation by
Deutsch.| Miiller and Miescher have further

investigated the subject and confirmed the

statements of Purkinje.§

In examining thin slices of cartilage under

* Uber das Gewebc der Tunica Dartos, &c.
Mullet's Archiv, 1834.

t Miescher states that in infants this part of the
intervertebral substance is composed of a pellucid
mucus, which, under the microscope, sometimes
exhibits some of the cartilaginous corpuscles to be
noticed in a subsequent part of this article, but in
adults it is composed of adipose tissue

!

X De penitiori ossium structura. Diss, inaue.
Vraiisl. 1834.

§ Vid. Miiller, Vcreleichende Anatomic der
Myiinoiden, licrlin, 1835, and Miescher, de ossium
genes , structura, ot vita. Diss, inaug. Berol.
1836.

2(>1

the microscope by transmitted light, Purkinje
observed numerous little bodies irregularly dis-

persed through its texture, of a round or oval

form, and somewhat less transparent than the

intervening substance. The annexed figure,

taken from Midler's work
already referred to, gives

a representation of these

bodies: they are deno-
minated by Purkinje

cartilaginous corpuscles

(Knorpet Kurperchen).
In some cases, as in tem-
porary cartilage, they ap-

peared to consist of mi-
nute granules ; they pre-

sented this appearance

likewise in the cartilagi-

nous part of the cranium
of a frog. In the costal

cartilages they were solid,

and in the cartilaginous

fishes, as in the lamprey,

their contents were of a

soft or fluid consistence. According to Purkinje,

these corpuscles are found in the temporary

cartilages, in permanent cartilage, in cartilage

which becomes ossified in old age, as that of

the ribs and larynx, in the cartilages of the

nose and septum nariuro.

According to Miescher there are two kinds

of permanent cartilage, differing from each

other as well by external characters as by in-

ternal structure; one of these scarcely differs

at all from the temporary cartilage, the other

is very dissimilar in structure. Tbe first class

is at once distinguished by its azure whiteness

and by its pellucid brightness, not unlike that

of mother-of-pearl, fix)m the second, which is

yellowish in colour, not pellucid, and spongy
in texture. To tlie former class belong all

articular cartilages, those of the ribs,* that of
the ensiforra cartilage of the sternum, the thy-

roid, cricoid, and arytenoid cartilages, and
those of the septum narium and alae nasi.

All the cartilages of this class are characterized

by containing the microscopic corpuscles above

described, variously arranged in each form of
cartilage, in some placed in clusters, in others

closely aggregated together in one part and
separated in another. It is interesting to ob-
serve that the temporary cartilage universally

contains these corpuscles, and as all the carli-

l^es we have described are more or less prone
to ossification in advanced age, we are led to

the inference, that these corpuscles thus de-

posited are characteristic of cartilage which
admits of becoming ossified.f

• Sic Miescher.

t The cartilages most liable to ossify by the pro-

gress of age in man, arc those which most fre-

quently exhibit, after a certain period, a per-

manently ossified condition in some of the inferior

classes of animals. Thus, in birds, and among
mammals, in monotremata,chriroptera , and cetacea»

the cartilages of the ribs show a very early ili»-

position to ossify. In birds the laryngeal cartilage*

are very apt to ossify, and in swine and oxen par-

tial ossifications of the same cartilages jfcv mA
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To the second class of cartilages belong
those of the external ear, of the epiglottis, and
the capitula of Santorini, connected with the

apices of the arytenoid cartilages, which in the

ruminants, the hog tribe, and others, are of con-

siderable size. Besides the characters already

mentioned which distinguish this class of car-

tilage from the former, the microscope dis-

closes some further differences. " Placed
under the microscope," says Miescher, " the

cartilages of this class present a very delicate

network, opaque, composed of small round
meshes which are filled by a uniform, pellucid

substance, and each generally contains a single

corpuscle somewhat roundish or oblong." The
cartilages that belong to this class arc con-

trasted with those of the former, as being never

transformed into bone.

1 may add, that in my own examinations of

pure cartilage, from the skeletons of cartila-

ginous fishes, and from the human subject,

I have found the foregoing descriptions correct.

The cartilaginous corpuscles may be always
seen under the compound microscope, with an

object glass of a quarter of an inch or an eighth

of an inch focus.

In man and the mammalia, the following

structures may be enumerated as belonging to

the class of fibro-cartilages : 1. The so-called

inter-articular cartilages in the knee, sterno-

clavicular, and temporo-maxiUary joints ; that

in the wrist-joint seems to me to be purely

cartilaginous. 2. The fibro-cartilages of cir-

cumferpnce, as in the hip and shoulder-joints.

3. The fibro-cartilages of tendons, which ulti-

timately form sesamoid bones, and those of

tendinous sheaths. 4. According to Miescher,

the tarsal cartilages. 5. The inter-osseous

laminiE, as those between the pubes, pieces of

the sacrum and coccyx, and, in a modified form,

the intervertebral substance.

In the inferior vertebrata and in the inver-

tebrata fibro-cartilage gradually disapjjears

:

in the former, the intervertebral substance

seems to be the only remnant of it, excepting

perhaps the sclerotic coat of the eye in some
fishes. In the invertebrata, Blainville considers

the three tubercular teeth of the leech as being

fibro-cartilaginous.

Morbid conditions of fibro-cartilage.—As
fibro-cartilage in its physical and vital pro-

perties so nearly approaches pure cartilage, it is

reasonable to expect a great similarity in the

phenomena of disease as they are manifested

in the two tissues. Fibro-cartilage appears to

be susceptible of reparation in the same man-
ner as pure cartilage. (See Cartilaof..) A
substance bearing some resemblance to fibro-

cartilage sometimes forms the connecting me-
dium between the fractured portions of a bone,

where bony union cannot be obtained.

The phenomena of inflammation and ulce-

ration in fibro-cartilages are very similar to

unfrcquently found. Ossification of the nasal

cartilages is extremely rare, but in the ho^ tribe

two bones extent! from the inteniiaxillury bone into

the cartilage of tlie proboscis. — Vide Miescher,
loc. cit. p. 27.

those in pure cartilage : in the joints these
morbid changes are generally complicated with
similar diseased conditions of the other tex-

tures, either cartilages or bones, whence they
are propagated to the fibro-cartilages. It is

well known that a condition of the interverte-

bral discs, which is commonly spoken of under
the name of ulceration, is frequently coin-

cident with caries of the vertebriE, having in

some instances preceded the vertebral disease,

and in others followed it. To Sir Benjamin
Brodie we are indebted for the observation that

the diseased state of the intervertebral substance

has sometimes the precedence of that of the

bones; in one case, related by him, where
ulceration of the articular cartilages had begun
in several other parts, those between the bodies
of some of the dorsal vertebrae were found to

have been very much altered from their natural

structure. He adds, " I had an opportunity
of noticing a similar morbid condition of two
of the intervertebral cartilages in a patient who,
some time after having received a blow on the

loins, was affected with such symptoms as in-

duced Mr. Keate to consider this case as one
of incipient caries of the spine, and to treat it,

accordingly, with caustic issues; and who
under these circumstances died of another
complaint. Opportunities of examining the

morbid appearances in this very early stage of
disease in the spine are of very rare occur-
rence, but they are sufficiently frequent when
the disease has made a greater progress ; and
in such cases I have, in some instances, found
the intervertebral cartilages in a state of ulce-
ration while the bones were either in a perfectly

healthy state, or merely afiected with chronic

inflammation, without having lost their natural

texture and hardness."* Otto mentions that

he has several times satisfied himself that the

destruction of the spine may originally spring

from the intervertebral substance ; but he has
never found suppuration, unless when at the
same time the bones and neighbouring cellular

tissue were inflamed.f The anatomical cha-
racters of this condition to which we have
been alluding consist in an erosion and soften-

ing of the fibro-cartilage, frequently attended
with the effusion on the surface of a dirty

puriform and often fetid fluid.

Fibro-cartilage is not prone to become ossi-

fied ; in very old subjects the superficial portion

of the intervertebral substances is often ossi-

fied, but this is an extension of ossification

from the bone or from the anterior common
ligament ; it is very rare to find any of the

inter-articular fibro-cartilages ossified. The
ossification of the interpubic fibro-cartilage in

advanced age seems to be of a similar nature

to that of the intervertebral substances.

IMasses of a substance very similar to fibro-

cartilage are sometimes met with accidentally

developed ; we find them in or connected with

the uterus, in tumours, and in serous or sy-

novial membranes.
(R. B. Todd.)

* Brodie on the Joints, edit. 2d, p. 231,

t Path'jl. Anat. by South,
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FIBROUS TISSUE,' telafibrosa, vet tcii-

dinea; Oeiin. dus ne/iiiige Gcwibe.
The parts comprised in the fibrous system

may with propriety be referred to two separate

and distinct classes.

I. \N iiiTE FiBiioi;s ORGANS.—Under this

head the following structures, distinguished by
their whitish colour, their fibrous organization,

and their great power of resistance, are in-

cluded :—a, the periosteum and perichondrium ;

6, fascia: or muscular aponeuroses ; r, sheaths of
the tendons ; d, fibrous coverings of certain

organs ; e, ligaments ; J) tendons.

II. Yellow elastic fibrous oroams.—
There are certain organs, ex. gr. the yellow
ligaments (ligaiiienla subjiava) of the spine,

which resemble those of the former class by
their fibrous structure, but which present so
many important peculiarities in their texture

and properties, that it is necessary to consider

them apart from the preceding. All these

organs resemble each otlier by possessing more
or less a yellow colour, and a remarkable de-
gree of elasticity.

I. White fibrous groans.— Organiza-
tion. This consists of a union of white
or grayish fibres more or less distinct accord-
ing to the part in which they are examined ;

thus they are very apparent in most of the

ligaments, in the fasciie, in the periosteum, and
in many tendons, as in those of the obliquus
abdominis externus, pectoralis major, &c. In
other structures, on the contrary, as in the

greater number of tendons, the fibres are so
small and so closely united that they cannot be
perceived but with ditticulty, although they be-
come more evident on maceration. In most
parts of the body they observe a parallel direc-

tion, whilst in other places they pass in an irre-

gular manner, so as to cross and interlace with
each other, occasionally constituting, as in the
instance of the dura mater and of the tendinous
centre of the diaphragm, a very intricate net-
work of fibres.

The result of a careful examination proves
that the remarkably firm and resisting threads

which constitute the basis of the various fibrous

organs, are composed of condensed cellular

tissue. In certain regions we may perceive
the gradual transformation of the cellular tis.sue

into a fibrous organ, as in the formation of the

superficial fascia of the abdomen ; whilst by
prolonged maceration the most dense tendon
or ligament may be reduced into a pulpy cellu-

lar substance : this opinion is corroborated by
Isenflamm, who conceives that this tissue is

formed by cellular fibres impregnated with
gluten and albumen ; and also by B^clard, who
regards it as being composed of cellular texture
very much condensed. We may therefore
conclude that the ideas of Professor Chaussier,

• The expression fibrous tissue is by no means
wcU chosen, as it is equ.iUy applicable to other and
dissimilar organs, such as muscles, nerves, &c. all

of which are eminently distinguished by a fibrous
•truclure. It is, however, preferable lo retain a
received though inaccurate term, than to add to
that multitude of names which already so much
encumbers the science of anatomy.

as to the existence of an eletneotary organic

solid, called by him the ulbugineousfibre, and
which is supposed to form the basis of all the

ligamentous and tendinous parts of tlie body,

are erroneous.

The individual fibres are surrounded by pro-

cesses of a more lax membrane, which pene-

trates between them, and which is rendered

particularly apparent by maceration and in cer-

tain d iseases. The di fterences that are observed

in contrasting the various fibrous organs with

each other, a ligament for example with a ten-

don, seem principally to result from the larger

or smaller proportion of the interfibrous cellu-

lar substance and on the degree of its conden-

sation. This combination of the common cel-

lular tissue with the ligamentous fibres allows

the fibrous organs to yield in a vei^ slight de-

gree when extended by the elasticity which is

thus bestowed, and also slightly to contract on
themselves on the removal of the extending

force. 1
Bloodvessels.—The proper fibroids tissue re-

ceives but a small quantity of blood, the arteries

being minute in size, and principally carrying

a colourless fluid. The great vascularity of the

dura mater and periosteum is no exception

to this remark, because the vessels of these

membranes are not proper to them, but to the

veins they cover.

Absorbents.—The ravages of disease in the

neighbourhood of joints, involving the liga-

ments in ulceration ; the sloughing of tendons,

the destraction of the periosteum by the pres-

sure of aneurism, of the tunica albuginea in

scrofulous or malignant fungus of the testis,

are abundant proofs of the existence of absor-

bent vessels.

Nerves.—According to Monro, nervous fila-

ments may be traced to some of the fibrous

oi'gans ; and other anatomists, Cruveilhier for

instance, speak of nerves being furnished to

tlie joints ; in general, however, none are to be
seen ; but as sensibility becomes developed in

disease, we must presume that communications
do exist with the encephalon.

Chemical properties.— The principal sub-

stances that have been detected in the fibrous

as in the cellular tissue consist of coagulated

albumen and gelatine; a small quantity of

mucus and saline matter has also been disco-

vered. The effects of desiccation are well

known, tendons and ligaments becoming hard,

transparent, yellowish, and fragile. This tissue

resists maceration for a long time, but at length

it is rendered soft and flocculent, so that the

fibres can be separated and unravelled ; ulti-

mately it is converted into a pulpy and fila-

mentous cellular mass.

Properties.—'V\\e offices which these organs

are designed to fulfil in the economy lieing,

with the exception of the (jcriosteum and its

analogous membrane the dura mater, of a me-
chanical cliaracter, the properties by which

they are distinguished are almost entirely of a

physical nature. They offer great resistance to

rupture, and thus the ligaments are capable of

opposing the shocks to which, in the violent

movements of the joints, tliey are so fVequentLy
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exposed; whilst the same cohesive properly
enables the tendons, under all ordinary circum-
stances, to bear the immense force of muscular
contraction.

Having considered the general characters of
these organs, I shall proceed to describe the
most essential properties of each individual
class.

1. Of the periosteum.—This may be regard-
ed as the most important of the fibrous tissues

;

indeed so universal are its connexions, that if

any common centre of this system were sought
for, we should certainly coincide with Bichat
in considering this to be the periosteum. Dis-
carding the erroneous ideas of the ancients and
Arabian physicians, who imagined that the

membranes of the body were all continued
from those of the head, we shall find that, with
the exception of the perichondrium ofthe larynx
and the fibrous tunics of some glandular- bodies,
all the fibrous organs are in connexion with the

periosteum.

The inner surface of the periosteum firmly

adheres to the several bones by a multitude of
delicate processes passing into the openings
observed on their external surface. These pro-
cesses convey into the bones an amazing num-
ber of fine arteries and veins, called therefore

periosteal, and which may be regarded as the

principal, or as some anatomists contend, the
only proper vessels of the osseous tissue.

l"he outer surface is rough, and is united by
the cellular tissue to the surrounding muscles,
tendons, ligaments, and fasciae ; in the nostrils,

sinuses, and tympanum, the periosteum is,

however, joined to the mucous membranes,
and in the skull the surface unattached to the

bones is lined by the arachnoid.

The periosteum constitutes the nutrient

membrane of the bones, and thus bears an im-
portant part in the process of ossification and
in the reparation of fractured and diseased

bones; it also serves as a medium for the

attachment of the ligaments, tendons, and
fasciae to the skeleton.

2. Fusci<E.—The fibrous fasciae or aponeu-
roses not only invest the surface of the limbs,

but also furnish a number of processes, which,

penetrating deeply among the several muscles,

form sheaths to those organs, by which they as

well as the bloodvessels and nerves are main-
tained in their proper situation. It is evident

that these partitions must exert a great influence

on the growth of various kinds of tumours, on
effusion of blood, on the extravasation of urine,

and on the formation of matter; so that their

relations form an important branch of surgical

anatomy.

In order to give to these muscular envelopes

the necessary degree of tension, they are either

provided with special muscles, as in the ease

of the tensor vaginae femoris and the palmaris

longus, or they receive processes from the

neighbouring tendons, as from the biceps cubiti,

semi-tendinosus, and so forth.

The aponeuroses thus braced afford a firm

support to the (larts they cover, and in this

manner ihf y increase the powers of the muscu-

lar .lyslcni ; uhilst by their resistance they

efficiently protect the vessels and nerves from
external violence, and at the same time proba-

bly assist in the circulation of the blood and
lymph, and so prevent varicose enlargement of
the deep-seated veins and cedema of the extre-

mities. See Fascia.
.3. Tendinous sheaths.— Tliese are in their

office analogous with the last, excepting that,

instead of fixing the muscles, they secure the

tendons during muscular action. The thecal

ligaments of the hand and foot, the annular

ligaments of the wrist and ankle, and the fascial

sheaths around the knee are of this character.

They are distinguished by their great strength,

and as they are internally lined by synovial

membrane, they facilitate the play of the ten-

dons ; and in many instances, as in the trochlea

of the OS frontis and the sulci of the carpal extre-

mity of the radius, they also modify the action

of the muscles whose tendons they transmit.

4. Fibrous coverings.— Certain organs are

provided, for the purpose of protection, with

dense ligamentous coverings ; of this order are

the dura mater, the sclerotic coat of the eye,

the loose portion of the pericardium, the proper

covering of the kidney, of the salivary glands,

mamma, spleen, thyroid gland, thymus, lym-
phatic glands, of the prostate, testicle and
ovary

; probably the exterior investment of the

nervous ganglia is of the same character. Some
of these envelopes, as the dura mater, pericar-

dium, and tunica albuginea testis, are lined on
one surface by a serous membrane, and thus

constitute Jlbio-serous membranes, or as they

are called by Beclard, compound fibrous mem-
branes.

5. Ligaments.—These bodies possess in an
eminent degree those properties by which the

whole fibrous system is distinguished; and
consequently the term ligamentous is often era-

ployed to designate the whole of the fibrous

organs.

The ligaments fulfil a very important office

in the animal economy by binding together the

various bones of the skeleton, an object which
they are enabled to effect in consequence of

their fibres being very firmly attached, and as

it were consolidated witli the osseous system
through the medium of the periosteum. It is

stated by Portal, that after the bones have been
softened by the influence of an acid, the liga-

ments are observed to send processes into their

substance, which cause the ligaments to adhere

so firmly that, although by very great force

they may be torn, yet they cannot be separated

from the bones.

Although these organs are dissimilar in

shape, yet there are three forms among them
which predominate: 1. the capsular, 2. the

funicular, 3. what, for want of a better ex-

pression, may be called laminated. The true

fibrous capsules which consist of cylindrical

bags lined internally by synovial membrane,
are confined to the shoulder and hip-joints,

although imperfect capsules exist in many
other articulations. The funicular and la-

minated ligaments are much more universally

difl"used, assisting in fact in the formation of

e\ciy joint in the skeleton.
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6. Tendons.—^Tliese organs, which serve to

connect the muscles to the osseous system,
are composed of fibres so closely disposed
that some anatomists, but erroneously, doubt
their identity with the other fibrous organs.

This compactness is owing to the extreme con-
densation of the intervening cellular tissue,

which is also the cause of these bodies re-

sisting for a longer period than the ligamen-
tous or fascial structures, the influence of ma-
ceration.

Every tendon is united by one of its ex-

tremities to the fibres of the muscle to which
it belongs, and by the other it is connected
with the bone or other part on which the

muscle is destined to act. The exact mode
of connexion between the tendinous and mus-
cular tissues is dirticult to determine. Ocular
and microscopical inspection seem to prove
that the tendinous fibres result from the con-

tinuation and condensation of those cellular

sheaths, which inclose and in part form the

muscular fibrils. It has, however, been stated

that there is an intermediate substance between
the muscle and the tendon, different from
both of them, and serving to connect them
together. The details relative to the mecha-
nical disposition of these organs belong to the

consideration of the muscular system.— See
Muscle.

II. Yellow elastic fibrous organs.—
(I'ela elastica.) It was justly observed by
Bichat that the ligaments placed between the

arches of the vertebrse diner m their nature

from the other ligaments of the body ; and
modem anatomists, admitting this distinction,

have enumerated the following structures as a
separate class of the fibrous organs : the yellow
ligaments of the spine ; the external and espe-
cially the middle or proper membrane of the
arteries, the fibrous covering of the excretory

ducts; the ligamentous tissue joining the carti-

lages of the air-passages ; the fibrous envelope
of the cavernous bodies of the penis and clitoris,

and of the vesiculae seminales.

Although the highest authorities consider
that the middle tunic of the arteries is com-
posed of this tissue, yet the correctness of this

opinion is very doubtful. It is true that, as

ftir as colour is concerned, the similarity is

well founded ; but the arterial fibrous coat is

endowed with a power of contraction, evi-

dently distinct from mere clastic contraction,

which is totally wanting in the true yellow
fibrous tissue.

In addition to the parts above named, it is

necessary to add that in certain organs where
great elasticity is requisite there is a peculiar
yellow cellular subst;tnce, which, although it

does not present the dense and fibrous cha-
racter, appears to belong essentially to the
organs under consideration. This texture is

particularly distinct in the mucous folds

which constitute the superior boundary of the
glottis, a part that is remarkable for its extra-

ordinary elasticity.*

* It is stated by Sir E. Home (Lect. on Comp.
Anat. vol. ii. p. 49,) ih»l this tissue enters into the

It occasionally happens, as in th« forma-
tion of the intervertebral substance, that tlia

yellow fibrous tissue and the common liga-

mentous are combined. A more strikmg

instance of this combination is seen in the

construction of the connecting ligament which
forms the hinge in bivalve shells, in which one
part, the external, is composed of ligaraentotis

matter, whilst another, tne internal, consists

of a highly elastic fibrous tissue.

Organization and properties.—If the yellow

ligament of the spine or the ligamentum nu-
chte in ruminants be examined, it will be seen
that each is smooth on its surface, and is made
up of a great number of longitudinal and
highly elastic fibres, which, in the latter in-

stance, are readily separated and unravelled

by the finger. This texture is, I believe, sui

generis, and is altogether distinct from the

common ligamentous structures. In a recent

publication,' M. Laurent conceives that this

tissue is intermediate in its characters to the

tissus sclcreux (under which term he proposes

to class the white fibrous organs, the cartilages

and bones,) and the muscular tissue; he there-

fore calls it tissn scliro-sarceux. Although it

is very doubtful if the elastic fibrous structures

have any thing in their organization similar to

the muscular fibre, yet it is certain that in

function they are intermediate between the

common ligaments and the muscles, a fact

which is kept in view in the Ilunterian Museum,
in which the elastic ligaments are placed next to

the muscles.

The resistance and elasticity of these organs

enable them firmly to connect together the

parts to which they are attached, and at the

same time allow them to yield to double their

length on the application of an extending

force. In this manner they economise mus-
cular action, by substituting for that force the

power of elasticity.

This employment of an elastic rather than

a muscular power is evinced in the yellow
ligaments of the spine, which pull the vertebrae

towards each other, and thus assist the muscles
in maintaining the upright posture. The same
thing is also seen in many of the lower ani-

mals; as in the support of the head by the

ligamentum nuchae—the retraction of the claws
in the feline carnivore by an elastic ligament

—

and the support of the abdominal organs iq

many large quadrupeds by the elastic super-

ficial fascia. But the most interesting ex-

ample of this economy of muscular action

is displayed in the bivalve shell of the oyster

and other acephalous mollusca. in which in-

stance not only is the shell kept open by the

elastic ligament of the hinge for the purpose

of admitting the nutriment of the animal ; but

formation of muscle ; but tbia is probably erro-

neous, as the elasticity of muscles depends on the

large proportion of clastic cellular membrane «hich
ihey contain. Lobstein has also published some
observations in the Jour. I'niver. des So. Med. on
the tissue of the uterus, which he regards as ana-

logous to the so-called yellow tissue of the middle
arterial coat.

* Annates Fran^aiscs el Rtrangercs d'.4nat. et de
Physiol. Jan. 1837. P. 59.
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as the valves are designed by nature to be
separated only to a limited extent, an elastic

ligamentous structure is placed between them
towards their centre, and in this manner all

undue separation is prevented without any
demand being made on the force of the ad-

ductor muscle.*

AIoUBiD ANATOMY. I. Iriftiimmatinn.—
The low degree of organization possessed by
this tissue modifies the inflammatory process,

which is usually chronic in its nature, and
often extremely insidious in its progress ; occa-

sionally, however, as in sprains, acute rheu-

matism. Sec, the fibrous organs are the seat

of very active disease. Owing to their great

density, but little swelling takes place unless

there be chronic and prolonged inflammation
;

in which case, as is particularly observed in

disease of the joints, a quantity of jelly-like

fluid is poured into the interstitial cellular

tissue, the proper fibres become massed toge-

tlier and with the surrounding parts, till in the

advanced stage all traces of the original for-

mation being lost in the diseased mass, it be-

comes reduced to the pulpy consistence of

diseased cellular membrane, of which the

liealthy structure is a modification.

This deposit and thickening are the most
common products of inflammation in liga-

mentous parts ; but it occasionally happens
that a true abscess is formed, as when pus is

thrown out between the dura mater and cra-

nium. I have known one case connected with

disease of the bone, in which matter was de-

posited in the substance of the dura mater,

and in wliich the operation of trephining was
ultimately required for the relief of the patient.

Ulceration is a frequent result of scrophu-

lous disease of the joints, causing great ravages

in the ligaments and neighbouring parts.

Mortification of ligament is not a common
occurrence, whilst in the acute inflammation
of tendon, especially in neglected thecal ab-

scess, and of fascia in consequence of large

abscess under it, sloughing is not unfrequently

witnessed.

There are of course certain modifications in

the effects of inflammation according to the

part attacked. Thus, in ligament, there is a
great tendency to ulceration ; in tendon to

mortification ; in the periosteum to great in-

duration ; and, as we see in the formation of a

node and of callus, to a transformation into

cartilage and even bone. When fascia is the

seat of disease, the consolidation arising from
effusion often gives rise to a retraction of the

affected part; a result which has been observed,

for example, in inflammation of the aponeu-

• Leach, Bullet, dcs Sciences, 1818. P. 14.

[Mr. Hunter fully recognised tlie value of this

clastic tissue, and in liis Museum he set apart a
series for its illustration under two classes— Ist, as

an antagonist to muscle, and 2d, iu aid of mus-
cular action. In the lorin<'r class he places such
examples as that of the oyster alluded to in the

text, in the latter the ligainenta imchie and the

clastic fibrous expansion on the abdomen of the

clepliant and other larger quadrupeds. See the

Descriptive and Illustrated Catalogue of the Hun-
terian Museum, vol. i.

—

Kd.]

rosis of the fore-arm, and in that affection of

the palmar fascia called by Boyer and other

writers crispatura tendinum.*

II. CartUdginons trunsf'ormalion and ossi-

fication.—Many parts of the fibrous system

not unfrequently l)ecoine cartilaginous or even

osseous. The cartilaginous transformation is

often observed in the li.:ameiits of diseased

and anchylosed joints; in the periosteum after

fractures and in the formation of nodes; in

tendons, especially those which are exposed to

great friction in the fibrous covering of the

spleen. I have had opportunities of seeing

many specimens of cartilaginous deposit taking

place between the periosteum and the bone,

and evidently arising from the former. The
valuable collection of my friend Mr. Listen

contains a very fine specimen of a large carti-

laginous tumour proceeding from tlie peri-

osteum.

Ossification, although extremely common,
occurs much more frequently in some than in

other classes of these organs : thus it is often

met with in the dura mater, in which structure,

as far as I have observed, the bony excres-

cence always proceeds from the inner layer or

that towards tlie arachnoid, and consequently

presses against the brain. In one very re-

markable specimen in my possession, nearly

the whole of the falx, and a large extent of the

membrane attached to the vault of the cranium,

are completely ossified. In an instance, ob-

served I believe by Dr. Barlow (Soulhwark),

the heart was completely encased in bone,

owing to the entire ossification of the peri-

cardium. The cicatrix of a wounded tendon

is often osseous.

III. Fungus.—^The dura mater, the peri-

osteum, the fascia, &.C., are subject to excres-

cences having a fungoid appearance, which
vary in their nature, often consisting of a

chronic, indolent growth, whilst at other times

they are evidently scrophulous, and occasion-

ally they are malignant.

In the progress of those cases where the

disease is situated near the bones, these organs

are implicated, and some doubt h;is conse-

quently arisen concerning the first seat of the

disease ; it is, however, proved by examination

that in the fungus of the dura mater and other

fibrous parts, the bones are only secondarily

aflfected. A good illustration of this fact is

aflbrded by a preparation consisting of an
extensive fungus arising from the periosteum

covering the tibia, in which it is evident, al-

* Buyer, Traite des Malad. Chir. torn. v. p. 55.

This ])eculiar afTection was some years since pointed
out by Sir .\. Cooper, and has since been more fully

described by Baron Dupuytren, (Lemons Orales dc
Chir. Clin. tom. i. p. 2). The tension and contrac-

tion of the palmar t'ascia, wbich are usually caused
by continued piessure, give rise to aretraction of one
or n)ore of tlie fingers, and may be removed by
transversely and freely dividing the aponeurosis
opposite to the metacarpophaiangean joint. I

have known one case of siuiilar induration of the

fibrous sheath of the corpus cavernosum penis *,

and I have learnt from Sir A. Cooper that he has
seen sevi-ral such cases, occurring in persons who
Iiad freely indulged in sexual intercourse. Buyer
has maiie a similar observation.
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though tht subjacent bone has been partly

absorbed, that the fungoid disease entirely

originated from the periosteum.*

Malignant fungus occasionally arises from

the periosteum. I have seen one ease of this

disease connected with the tibia, in which
amputation was performed, but with an un-

fevourable result, the latient sinking rapidly

from mortitication. In medullary sarcoma

that membrane is often involved.

Osteo - sarcoma, according to Howship,
Craigie, and Meckel, occasionally has its ori-

gin in the periosteum.

(R. D. Grainger.)

FIBULAR ARTERY, (arteria peronaa

;

Fr. artere peroniere ; Germ, die Wadenbein-

urtciic).—This artery is commonly described

as a branch of the posterior tibial, or it may
be said to be one of the branches resulting

from the bifurcation of a short trunk which has

its origin immediately from the popliteal, and
which has been described under tiie name of

the tihio-perunenl artery, the other branch of the

bifurcation being what is ordinarily considered

as the continued posterior tibial trunk.

The origin of the fibular artery is situated

about an inch below the inferior margin of the

popliteus muscle, thence the artery extends

downwards and with a very gradual inclination

outwards, and terminates in the region of the

external ankle, just above the os calcis and
behind the fibula. It is a vessel of smaller

size than the posterior tibial, and about equal to

the anterior tibial, and it is interesting to ob-
serve that the varieties in its calibre are in the

inverse ratio of the calibre of the anterior and
posterior tibial, but more especially of the

former.

To expose the fibular artery in dissection the

gastrocnemius and soleus muscles must be
raised, and the deep fascia of the leg dissected

away, llie artery is then seen resting at first

for a very short distance upon the tibialis posti-

cus muscle, and from it getting upon the pos-

terior surface of the fibula near its tibial edge,
where the vessel is imbedded in the flexor pol-

licis proprius and encased between that muscle
and the bone. Inferiorly it passes between the

flexor pollicis proprius and tibialis posticus,

and is applied to the posterior surface of the

interosseous ligament.

The fibular artery is sometimes alto;^ther

absent, and then its place is supplied by rami-
fications of the posterior tibial. Sometimes
the fibular artery takes its rise higher up than the

point we have indicated ; but more frequently
It has a lower origin, in which case it presents
a calibre smaller than that which may he con-
sidered as usual ; the vessel, indeed, is found to
be smaller the lower down its origin is. It is

in these cases that the anterior tibial especially
and the posterior tibial occur of a larger size than

• The result of dissection induces mc to suppose
that in many old iind intractable ulceis, the fun-
goid excrescences seen on the surface aiisc either
iroiu the fascia of ihe log or from the periosteum,
according as they are placed on the outer or inner
part of the limb.

natural, as it were to compensate ftir the de-
ficiency of the fibular.

Jiranclies.—The first branches the fibular

artery gives off are small muscular ones OD
either side to the soleus, tibialis posticus, flexor

pollicis proprius, to which in its whole course

It gives a liberal supply ; also to the fibula and
the peronaii muscles. From its inner side,

according to Cruveilhier, it gives an anasto-

motic branch to the posterior tibial, which
passes transversely or obliquely from one artery

to the other. This branch sometimes attains a

considerable size, and in such cases after its

communication with the posterior tibial, that

artery also becomes considerably enlarged.

The fibular artery divides into its two termi-

nal arteries in the inferior third of the leg;

tliese are the anterior and posterior peroneeal

arteries.

Ajilerior peronevl ariay, (arterin peromta
anterior and perforam pcronaa.) This branch

gains the anterior surface of the leg by piercing

the interosseous ligament, where it is covered

by the perona:us tertius muscle. The situation

at which this perforation takes place is stated

by Harrison to be about two inches above the

external ankle; it then inclines downwards
upon the outer side of the tibia, anastomoses

by a transverse branch with theanti-tibial, com-
municates with the external malleolar artery

from the anterior tibial, giving ofT numerous
branches both before and after the anastomosis,

which pass down to the tarsus and communi-
cate with the torsal arteries. This artery is

generally smaller than the posterior, some-
times so small that the ordinary injection fails

to penetrate it. If there be any anomaly in the

size of the anterior tibial artery, this branch is

generally large in proportion as that artery is

small, and in such a case it might exceed the

posterior j>eroneal in calibre. The arteries of
the dorsum of the foot spring from the anterior

peroneal when the anterior tibial exhibits this

deficiency.

Posterior peroneal artery, {A . perontea pos-

terior; catcanienne externe, CruveWhict). This
branch continues the course of the fibular artery

behind the external malleolus to the outer side

of the OS calcis ; it runs parallel to the outer edge
of the tendo Achillis, being immediately covered

by the continuation of the fascia of the leg.

A transverse branch from the inner side of this

artery establishes its communication with the

posterior tibial, and inferiorly it distributes its

terminal branches to the muscles and other

parts on the outside of the os calcis to anasto-

mose with the external tarsal and plantar

arteries ; some small vessels proceed round the

tendo Achillis to effect a further communication

with the posterior tibial.

ITiis may be considered as the terminal

branch of the fibular artery ; it is absent only

when the fibular artery jiasses entirely forwards,

or when it directly opens into the posterior

tibial without having any further communica-

tion with the arteries of the ankle.

The fibular artery is evidently a valuable

anastomotic trunk to both the tibial arteries, a

deficiency in either of which it is prepared to
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supply. Deriving its origin from the same
source, and anastomosing freely with both in

all parts of their respective courses, it is pre-

pared to take the place of either, one might say,

at a moment's warning, and the freedom of

this communication affords a sufficient indica-

tion to surgeons how ineffectual in cases of

wounds a single ligature would be; in short,

here as in other places where arterial communi-
cations are so free, the rule of practice is so

clearly pointed out by the anatomy as almost

to render it superfluous to appeal to experience.

The relations of this artery to operations being

very similar to those of the posterior tibial, we
refer on this head to the article Tibial Ar-
teries.

(R. B. Todd.)

FIFTH PAIR OF NERVES.—This title

is derived from the relation which the nerve

bears numerically to the other encephalic pairs;

it is the fifth nerve met with on the base of the

brain counting from before backwards. The
fifth is also called the trigeminal (Winslow)

and the trifacial (Chaussier) nerve. It is the

nerve upon which the general and tactile sensi-

bility of the face and its cavities, as well as the

voluntary power of certain muscles of these

parts, depends.

The following account of this nerve is meant

to apply especially to the human subject ; but

as a. knowledge of its strVicture and distribution

in other animals must contribute very much to

enlighten us in regard to its true character and

properties in man, occasion has been taken to

mention those particulars by which it is dis-

tinguished throughout the animal series.

The fifth nerve is connected at its one ex-

tremity with the medulla oblongata, whilst

its other end is distributed to the eye and its

appendages, to the nostrils, to the palate, the

mouth and tongue, to the salivary glands, to

the ear, to the integuments and muscles of

the face, forehead, and temple, and to the

muscles which move the lower jaw in mas-

tication, the temporal, pterygoid, and mas-

seter muscles. The general distribution of the

nerve throughout the animal series corres-

ponds to that in man ; but, in certain animals

and classes, varieties are presented, which

claim our attention equally, whether as matters

of curiosity or of physiological interest. In

some individuals of the class Mammalia, the

eyes possess a very inferior degree of develop-

ment; a distinct optic nerve either does not

exist or its existence is a matter of doubt,

and its place is supplied, in part or alto-

gether, by a branch of the second division

of the fifth nerve: thus, in the Mole, accord-

ing to M. Serrcs,* the optic is altogether

absent, and its place is supplied by a branch

of the fifth ; but, according to Treviranus,t

that animal is provided with an optic nerve,

as large as a human hair, and according to

CarusJ it joins an optic branch from the fifth,

and the two concur to form the retina. In

• Anatomic Comparec (lii Ccrveaii, &c.

t Journal Conipleinentairc.

i Journal Compl.

other animals of the same class the optic seems

decidedly absent, and its place is supplied al-

together by the fifth. Among Reptiles also in-

stances occur, in which the optic nerve is

wanting. According to both Treviranus* and

Serres,t the fifth nerve takes the place of

the optic in the Proteus Anguinus. A va-

riety in distribution, still more remarkable,

is presented in the disposition of the fifth

nerve in Fishes. Among the Rays the audi-

tory appears to be, not a distinct nerve, but

a branch of the fifth : J the special organs,

with which they are provided, likewise, in

many instances, derive their nerves from the

fifth pair ; thus, in some the electrical § organs

are supplied by that nerve, and also the albu-

mino-gelatinous organs: lastly, in many the

nerve is distributed ||
in a manner and to an

extent for which there is no analogy among
other animals, the fins being throughout fur-

nished with branches from the fifth. Hence
in Fish, in which the distribution of the

nerve is so much more extended than in

other animals, both the size of it is propor-

tionally greater, and it consists of a greaterlT

number of divisions; these, which in the three

other classes of vertebrate animals are only

three, amounting with them to from three to

six. See sketch of nerves in the Ray and Cod.

(Figs. 144, 145.)

Ihe size of the fifth nerve is very great, it

being by far the largest of those proceeding from

the medulla oblongata. In this respect it pre-

sents much variety according to the animal or its

class. M. Serres states that, the nerves being

proportioned always to the volume of the

organs from whence they proceed, the extent

of the face and of the organs of the senses

taken together gives the size of this nerve in

the different classes of vertebrate animals.

Among the Mammalia the extent of the face

and of the organs of the senses increases pro-

gressively from Man to Apes, the Carnivora,

the Ruminantia, and the Rodentia, and, ac-

cording to him, the size of the fifth nerves

follows in a general manner the same pro-

gression. Birds are remarkable for the atrophy

of the muscles of the face and of several of

the organs of the senses, and their fifth nerve

is far from presenting the developement to be

observed in the inferior Mammalia. Reptiles

are still lower than Birds with regard to the

dimensions of the nerves of the fifth pair;

while in Fish** the size of the nerve is very

great, and even surpasses in some the volume

it presents in the other classes.ft However just

the estimate of the comparative volume of the

nerve in different animals, as here stated, may

• Op. cit.

t Op. cit.

j D.'Sinoulint, Journal <lc Physiologic, t. ii.

Serrrs, op. cil.

§ Desmoulina, Anatomic dcs Systemcs Nervcux,

&c. Cams, Hudolphi.

\\
iJesmoulins, op. cit.

% Dcsmoulins, op. cit.

•* See Sketches of Nerve in the Ray and Cod,

Jigs. 144, 145.

tt .Serres. Anatomie Comparec d« Cerveau,

dans Ics (juatre classes dcs Animaux Vertcbrcs.
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be, tlia data, from which it is professedly

drawn, rtiay be reasonably objected to. In

the first place the volume of the organ cannot
be assumed as being alone the measure of that

of the nerve supplying it • tlie degree of ner-

vous endowment, whether general or special,

which the organ enjoys, must be also taken

into account ; and in the second, the extent

of the organs of the senses cannot be admitted
as a measure of the volume of the fifUi nerve,

which is not coimected with them all ; thus

the greater part of the organs of touch is inde-

pendent or that nerve. It appears to me
that the extent of distribution and amount of

endowment conjointly determine the volume
of the nerve, and that tlie latter cannot be
inferred a priori.

Each nerve is composed of two portions,

which are remarkable for particular characters,

and have received distinct names; they differ

from each other in size, in anatomical disposi-

tion, and in function ; one of them, larger than

the other, is provided with a ganglion, and dif-

fers in its distribution ; it also differs in proper-

ties, being subservient to sensation ; the other

is small, has no ganglion, and is destined to

volition ; they are hence denominated, the

former the larger, the ganglionic or the sentient

portion, the latter the smaller, the non-ganglio-

nic or the voluntary portion.

Tiie distinction of the nerve into two por-

tions appears to prevail uniformly throughout

the animal series. According to M. Serres, it

is to be observed in all the classes of the ver-

tebrate animals except the Reptiles; but in

them, accordiiig to him, ihe lateralfasciculi*

are wanting. The latter as<!ertion, however, is

incorrect, the distinction being to be observed

as satisikctorily in that class as in any other.f

Again, the distinction is not equally remarkable
in all ; in some it is still more so than in man ;

in others it is less ; and according to the same
authority, it is to be observed among Mam-
malia the more easily as we pa-ss from Man to

the Rodentia. Among the Cetacea it is divi-

ded throughout into two separate fasciculi.J

Each of the two portions of which the nerve

consists is a packet containing numerous fas-

ciculi, which are again divisible into filaments.

The fasciculi, of which the packets are com-
posed, are differently circumstanced in different

stages of the course of the nerve ; in one pait

they are bound up so closely together that they

cannot without difficulty be separated from each
other and disentangled, while in another they

are but loosely connected and are easily sepa-

rated.

The two packets are associated together more
or less intimately throughout their course ; but
inasmuch as tliey present remarkable varieties

in their disposition and mutual relations at dif-

ferent parts, it may be advantageous to divide

the nerve, through its course, into three por-

tions or stages; one from the ganglion to the

connexion of the nerve with the brain, which

• The name by which he designates the Icsier
portion of the nerve.

t See sketch of fifth nerve in the Turtle, /lo. 143.

t Op. cit.

may be denominated its internal or encephalic

portion ; a second from the ganglion to its ulti-

mate distribution, its external or peripheric

portion ; and, thirdly, its ganglion. Such a
distinction may not be free from objection, but

being adopted for the convenience of descrip-

tion, it |)ossesses at least the recommendation
that there exist well-defined points of demar-
cation, whether there exist or not any difference

in the properties of those several portions. The
nen-e, in its encephalic {wrtion, is partly within

and partly superficial to the substance of the

brain. The superficial part is from one-half

to three-fourths of an inch in length, of a
flattened form, and of very considerable size.

It presents a loose ijiscicular texture, and is

enclosed within a prolongation of the arachnoid

membrane sent off upon it from the surface of

the brain ; this prolongation is, as in the case

of all those sent upon the vessels or nerves, in

their passage from that organ to the parietes of

the cranium, a cylindrical sheath, within which
the nerve is enclosed ; it is at first remarkably

loose, but as the nerve recedes from the brain,

the membrane invests it more closely, and is

continued upon it as far as the ganglion, from
which it is reflected to the surface of the canal

in which the nerve is contained. In the last

particular the disposition of the membrane is

subject to variety, for it is at times continued

beneath the ganghon, and partially invests the

trunks proceeding from this body before it is

reflected to line the canal.

Throughout this part of the nerve the two
packets composing it are connected by cellular

structure and vessels, and are enclosed within

the prolongation of arachnoid membrane just

described ; but there does not appear to be any
interchange of nervous filaments between them,
and they are connected so loosely that tliey can
be separated fitim each other with great facility.

They consist each of numerous fasciculi held
together, like the packets themselves, so loosely

that the latter can be easily opened out and
decomposed. The fasciculi of both packets

are irregular in size, some large, others small

;

those of the larger are for the most part some-
what smaller than those of the lesser, but they

are much more numerous, amounting, accord-

ing to J. F. Meckel,* to thirty or forty; while

those of the lesser amount, according to the same
authority, only to from nine to fourteen. The
fasciculi again are composed of numerous and
delicate filaments. The number of the fila-

ments is very great, but differently estimated

by different authorities; according to Meckel
those of the greater packet amount to about

one hundred, collected into thirty or forty

fasciculi; while, according to Cloquet,t the

total number of filaments contained by both

packets varies from seventy to one hundred,

of which he allots five or six to the smaller,

and the remainder to the larger packet. This

difference of opinion Meckel explains by sup-

posing that fasciculi have been taken for fila-

ments and not decomposed, and this appears

* Manael d'Anatomie.

t Anatomie Detciipiive.
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very probable, inasmuch as Cloquet takes no
account of fasciculi, and in his description of
the smaller pacl(et it is manifest lliat lie has

assumed tlie liisciculi, of wliich it is composed,
to be filaments, for he does not attribute to it

a greater number of filaments than it contains

of fasciculi. But if Cloquet have underrated
the filaments of the larger packet, Meckel
junior has certainly overrated the fasciculi of
the smaller one. I'"rom his account of the

latter, it is to be concluded that it contains
from three to fourteen fasciculi, but either of
those numbers is too great, as will be seen
from an examination of the subject, from which
it will appear that they do not exceed the

number attributed to them by Cloquet. The
ultimate number of filaments, however, would
seem to be somewhat uncertain, for it appears
to depend very much upon the delicacy with

which the separation of them may be efl'ected

;

and after all it is not a matter of any great

importance. According to Wrisberg* and
Soemmerring-f the number of fibres contained in

the greater packet is always less in the foetus

than in the adult. The filaments of the smaller

are stated by Cloquet to be larger, softer, and
whiter than those of the other; but with regard

to the difference of size it is probable that

this opinion has arisen also from his having
assumed the fasciculi to be filaments, inas-

much as, when the fasciculi have been decora-

posed, the filaments seem to be equally fine in

both packets ; and for the other points of sup-
posed difference the author has not been able

satisfactorily to observe any in man. In other

animals, however,— in some fish at least—

a

remarkable difference may be observed between
the characters of the ganglionic and non-gan-
glionic portions, the latter of which, in the

Cod, is much softer, and of a darker, not

whiter, colour than the other.

The fascicular and filamentous disposition

which has been described, is not, however,

presented by the encephalic portion of the

nerve through its entire extent, but only in

that part of it which is superficial to the brain

;

nor is it acquired by it until after it has emerged
one or two lines from the substance of the

organ, and then it does not assume it through-

out at once, but at first superficially and later

internally. The appearance of distinct fila-

ments and fasciculi in one part and their ab-

sence in the other appears owing to the exist-

ence of neurilema in the former, for in one

as in tlie other the nervous matter appears to

be arranged in longitudinal tracts, which pre-

sent in one case the form of expansions, and

in the other are divided by tlie neurilema

into separate cords ; and again the occurrence

of the filamentous disposition earlier upon the

surface than internally, is attributed to the

superficial substance of the nerve being pro-

vided with neurilema sooner than the inter-

nal ; hence the length of the substance of the

nerve without neurilema is greater internally

* Observationes Anatomicc de quinto pari ner-

vorum, &c.

t In Liidwig, Script. Neurol. Miu. Ueber das

Organ der Seele.

than externally, and when the nerve has been
pulled away from its attachment to the brain,

the rupture occurring at the point at which the

neurilema commences, the part which is left

projects in the middle, and presents a conical

eminence of white matter: this, as Cloquet
justly remarks, is but an incidental appearance,
and not entitled to be considered, as it was by
Bicliat,* a real tubercle, from which the nerve
arose. In neither packet are the fasciculi

laid simply in apposition ; in both, but more
remarkably in the larger, they are connected
by frequent interchanges of filaments, and
that to such a degree that the nerve when
opened out appears to form an inextricable

plexus, in which it is not improbable that every
filament of it is connected directly or indirectly

with all the others; this plexiform arrangement
diminishes as the nerve approaches the gan-
glion, before reaching which the fasciculi be-

come more distinct.

The fifth nerve is attached to the surface of
the brain on either side of the pons Varolii, at

a distance of three-fourths of an inch from its

middle line. It is attached to the middle
crus of the cerebellum, on its anterior inferior

surface, about one-fourth of an inch from its

superior, and half an inch from its inferior

margin.

The place of the attachment of the nerve to

the exterior of the brain varies greatly in dif-

ferent classes of animals ; in man, it is, as has
been mentioned, the crus cerebelli on either

side of the pons; in the other orders of the

Mammalia it is either, as in the human sub-
ject, the crus cerebelli, or, when the pons is

less developed than in man, the nerve is at-

tached behind that part between it and the

trapezium of the medulla oblongata; in the

other three classes of vertebrate animals, in

which tiie pons and trapezium are both want-
ing, the nerve is uniformly attached to the la-

teral ])arts of the spina! bulb. This contrast

is equally curious and important; it affords us
a natural analysis, which will throw much light

on the next step in our inquiry, viz. the origin

of the nerve, or its ultimate connexion with
the brain. It furnishes also, as has been sug-

gested by Gall and Spurzlieim,f an explana-
tion of the complication which exists m the

human being, in whom the great developement
and the situation of the pons render it neces-

sary that the nerve should traverse it, in order
to reach the suiliice of the brain.

At the attachment of the nerve to the cms
cerebelli in the human subject, the non-gan-
glionic portion or lesser packet is situate above
and to the inner side of the greater. At that

place it is sei)arated or separable into two
parts, while the greater continues undivided,

and hence the nerve is described as having
three roots, one for the greater and two for

the lesser packet. The existence of two roots

for the lesser packet had been announced by
Santorini,! but they have been more parli-

* Anatomie Descriptive.

t Anatomie et Physiologie du Systeme Nerveux,

X Observationes Anatomicx*.
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tiilailjr and accurately described by Palletta.*

They are distinguished by the latter into supe-
rior and inferior, being attached to the crus

cerebeMi, one above and behind the other, and
they are frequently separated from each otlier

at iheir attachment by an interval of one or

two lines or more. In such case the superior

root is superior and parallel to the inner side

of the greater [mcket, while the inferior is in-

ternal to it, and, it may be, on a level with its

inferior surface; hence, in such instances, the

greater packet corresponds to the interval be-
tween the roots of the lesser, and the inferior

root of the lesser, in its course from the brain,

is placed at first along the inner side of the

greater packet, while the superior descends
internal to tlie greater jiacket, and joins the

inferior beneath it to constitute the lesser

packet. Tliis is not, however, uniformly the

relation of the roots of the nerve at their at-

tachment to the crus, for the distance at which
they are placed from each other varies very
much ; in some instances the roots of the les,ser

packet are perfectly distinct and separated by
the interval mentioned, the inferior being either

in immediate contact with the greater packet,
and even entering the crus through the same
aperture, or being separated from it by an
interval varying, according to J. F. Ikleckel,

from a quarter of a line to a line; while in

others the roots of the lesser packet are not
manifestly distmct, but the fiisciculi of which
they consist are attached to the crus in an un-
interrupted series reaching, from the attachment
of the greater packet, to within a line or less of
the posterior face of the crus, and separated
the one from the other by trifling intervals ; in

the latter case die lesser packet is, for the most
pari, altogether superior to the greater at their

attachment. But even in this the lesser is still

distinguishable into two sets of fasciculi, which
take different routes through the substance of
the crus, one traversing it nearer to its ante-
rior, the other to its ])oslerior surface. It has
been already stated that the lesser packet of
the nerve is characterized by the absence of a
ganglion; it also has no connexion with the
ganglion of the larger packet, but passes it

without entering into it, and tlien becomes
attached to one of the trunks proceeding from
it ; it is further maintained to be distiibuted

ultimately into those branches which are given
by the third division of the fifth to the muscles
of mastication. Palletla+ concluded from these
circumstances that it was a nerve distinct from
the remainder of the fifth ; and observing that

the superior root was principally consumed in

the temporal muscle, and the inferior in the
buccinator, forming the long buccal nerve,

he I ailed the former the " crotaphitic," and tlie

latter the " buccinator" nerves. Tlie distri-

bution of the leiser packet to the muscles of
mastication has been confirmed by Mayo J from

Pallet'a, De Nervis crolaphitico et buccina-
torio, an. 1784. Script. Neurol. Min. Select. Lud-
wig.

t Op. cit.

i Commentaiies, aatl Phytiology,

the dissection of th« nerve in the an. He
diflijrs, however, from Palletta with regard to

its distribution to the buccinator, which he
denies: this point will come under considera-

tion again. It has been proposed by Eschricht*

to denominate it the mast icaturi/ nerve.

The place at which the nerve is attached to

the surface of tlie brain in the human subject

is to be regarded only as the point at which it

enters or emerges from the substance of the

organ, inasmuch as it can be, without difficulty,

followed to a much deeper part, and the fibres

of the crus, which are transverse to those of the

nerve, manifestly separate from each otlier, at

the entrance of the nerve, to allow it a passage.

The larger packet of the nerve is that whose
course into the brain can be most easily traced;

this circumstance depends partly upon the

greater size of the packet, ana partly upon the

fact that, for the most part, its tracts are not
separated from each other by those of the crus,

but traverse that part in a body, the fibres of
the crus seeming to be simply laid in apposi-

tion with it, and connected to it by some deli-

cate medium ; while those of the lesser are, in

the greater numberof instances, separated from
each other, or even interlaced with those of the

crus ; hence the fibres of the crus may be easily

raised, without injury to the nerve, from tlie

larger packet, and its course be displayed,

while the lesser cannot be followed but with

difficulty. The larger is, however, subject to

variety in the latter respect ; in many instances

the fasciculi of the crus do traverse and divide

it, and very frequently near its ultimate attach-

ment, and this circumstance, when it occurs,

renders the pursuit of its course more difficult

;

but even here the fasciculus merely traverses

it, and its tracts are not permanently separated,

but reunite after the fasciculus has passed.
The course of the packet may be exposed to a
considerable extent even in the recent brain

;

but for the satisfactory determination of the

point, it is necessary that the brain be prepared
by some of the methods recommended for that

purpose, of which immersion in strong spirit is

by far the best, nor does it require much time,
for the substance will be found to separate

more easily when it has acquired only a certain

degree of firmness, than when hardened to the

degree which long immersion produces; the
plan which the author has found most success-

ful has been to commence the dissection early,

to return to it frequently, and at each time to

pursue it so far and so fiu* only as it was satis-

factory. Tlie course of die larger packet is

also beneath and before that of the lesser, and
hence, in the usual mode of dissection, in which
the brain is reversed, it presents itself first.

Its direction is backward, downward, and in-

ward, toward die upjwr extremity of the spinal

bulb ; in its course the packet first traverses

the middle crus of the cerebellum from its au-

terior toward its posterior surface, and (irom its

superior toward its inferior margin ; it pursues

this course until it has reached the back of the

crus, and descended so low as its inferior mar-

* Journal de Physiologic, t. vi.
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gin ; it is then bituate in tlie angle formed by
the three peduncles of the cerebellum at their

junction with the hemisphere; behind the

middle, beneath the superior and above the in-

ferior, and before, or in common language, be-

neath the floor of the fourth ventricle. Thus
fer the course of the nerve may be ascertained

without much difficulty ; it is probably the

same point to which Santorini had traced it,

as described in his ' Observationes Anatomicse,'

in 1724, and from which Soemmerring has

more expressly .stated it to be derived, in his

work ' De corporis humani fabrica,' pub-
lished 1798, in which he states "that it ap-
pears to arise almost from the very floor of the

fourth ventricle." * At the point last described

Fig. 140.

Lateral view of the pons, spinal bulb, and course of
the Fifth Nerve in man,

1 Pons Varolii.

2 Spinal bulb.

3 Olivary body.
4 Spinal cord.

5 Superior peduncle of cerebellum.
6 Cut surfaces of middle ditto.

7 Inferior peduncle of cerebellum.
8 Cut surface of crus cerebri.

9 Ganglion of Filth Nt-rve reversed.

10 Ganglionic portion of the nerve.

11 Non-gangUonic portion of Fifth Nerve.
11 Roots of non-gangliouic portion.

12 Eminence at the insertion of both portions of

the Fifth Nerve.
13 Fasciculus to anterior column of spinal cord*
14 Fasciculus to posterior column.
16 Auditory nerve,
16 Portio dura.
17 Posterior roots of superior cervical nerves,

* Santorini, however, appears to have followed

the nerve out into the spinal bulb, though, as will

be seen, he did not succeed in determining its real

and ultimate connection.

tlie greater packet is attached to the side of the

medulla oblongata. The point of attachment
is very close to the interior of the fourth ven-

tricle, being separated from it only by a thin

lamina, which is little, if any thing, more than
the " epithelium" of lleil : it is situate in the

angle formed by the peduncles of the cerebel-

lum, behind the middle one, by tlie outer

margin of the pons, and posterior to it, and
above its lower one : it is also superior to the

attachment of the auditory nerve, separated

from it by an interval of some lines.

V\'e shall, in the next place, direct attention

to the course and connection of the lesser

packet of the nerve.

In none of the authorities which the author

has had an opportunity of consulting, has he
found a particular origin assigned to the lesser

packet. By most anatomical writers it is over-

looked; J. F. Meckel states that it can be
traced a certain way into the crus, but he
goes no further; Mayo asserts that the lesser

portion arises close upon the greater, and, in a
sketch of the origins of the nerves given by him
in his Physiology, it is represented traversing

the cms cerebelli, as a single fasciculus, above
and behind the greater, and attached to some
part above that from which the greater is re-

presented to arise : but still the origin is not

defined, and it is manifestly intended to be
distinct from that of the greater packet.

The author has succeeded, as it appears to

him, satisfactorily in tracing both the roots of
the lesser packet to a destination for which he
was not prepared ; at setting out he expected

to have found the origin of the lesser different

from that of the greater packet, and to have

followed it to a prolongation of the anterior

columns of the spinal cord, as has been stated

by Harrison ;* it was therefore with surprise

that, after a patient dissection, he succeeded in

tracing both its roots to the same point, to

which the greater packet is attached, behind
the middle crus of the cerebellum {see.Jig. 140,

12); both the roots traverse the crus, as the

greater does, tlie inferior very frequently in

company with and internal to the greater

packet, or separated from it by a very thin

stratum of the substance of the crus, the

superior near to the superior surface of that

part, and separated from the greater packet by
an interposed stratum of two or more lines;

the course of the latter is so near to the surface

of the crus, that it can frequently be traced for a

considerable way by the eye without dissec-

tion : they present, in their mode of traversing

the crus, two remarkable varieties ; in some in-

stances the fasciculi, of which they are com-
posed, are separated from each other and even

interlaced with those of the crus, and in such

the pursuit of them is intricate and difficult

;

in others they pass in two distinct packets, and
in these they are more easily followed. As
they proceed they approach the greater packet,

so that the interval between them and it gradu-

ally diminishes, and having traversed the crus,

they are both attached below and behind it to

* Dublin Dissector,
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the same part as the greater packet, an<) poste-

rior to it. {Seefg. 1 40). This view of the con-
nection of the lesser packet, if contirmcd, must
lead to interesting results with regard to the rela-

tions of thetwo portions of the fifth nerve at least

;

it will at all events decide the question as yet in

dispute, whether they are to he regarded as

distinct nerves, or parts of the same ; upon
this point further light will be thrown by the

disposition of the same part in lish, in which
tlie source of the uncertainty prevailing with
regard to tlie nerve in the higher classes does
not exist to the same amount ; inasmuch as the

ganglionic and non-ganglionic divisions of the

nerve seem for the greater part associated in

their distribution.

Fig. 141.

Back view ofpons, hulb, and caurie of the Fifth
Nerve in man,

18 Tabercula quadrigemina.
19 Continuation upward of the tract from which

the Fifth Nerve arises.

The other references indicate the same parts as
in the preceding figure.

When the adjoining matter has been care-

fully cleared away from the part to which the

packets of the nerve are attached, that part ap-
pears to be a longitudinal tract of a yellowisn-

white colour, composed of fibres running in the

same direction, and capable of being followed

both upward and downward : upward this tract

seems continued beneath the superior |)eduncle

of the cerebellum;* downward it descends from

* Of the nature of the structure continued up-
ward from the attachment of the nerve the author
is not satisfied : it presents, when cleared, the ap-
pearance given to it in fig. 141 , 19, but it is very cine-
ritious in character, and he is not prepared to say
whether it be a continuation of the tract from which
the nerve appears to arise, or a part of the floor of
the fourth ventricle at its upper extremity, con-
nected to the attachment of the nerve : the mode
in which the nerve arises in the bird and ihe turtle
appears to the author opposed to the opinion that
the tract to which the nerve is attached is, in them
at least, any ifaing more than a continuatioa or

VOL. II.

behind the pons into the spinal bulb, and after

a short course divides into two cords, one for

each column of the spinal marrow (see Jigt.

140, 14 1). At the entrance of the tract into

the bulb it is situate deep, before the floor of
the fourth ventricle and behind the superficial

attachment of the two portions of the seventli

pair, which must be separated from each other
and displaced in order that it may be ex-
])os€d : externally the tract corresponds to the
peduncles of the cerebellum, and is united in-

ternally to the cineritious matter of the floor

of the ventricle. At the point of attachment
the tract presents a somewhat prominent en-
largement, (Jigs. 140, 141, 12,) which the au-
thor will venture to call an eminence, though
with hesitation, lest it be considered an ex-

aggeration, from which the nerve may be held
to arise.

It is said that the nerve may be held to arise

from this tract, because, though it be certainly

not its ultimate connection with the brain, and
though cords can be traced from it to more
remote parts, yet the union of the cords at the
point, and the attachment of both portions of
the nerve to it, seem to mark it as the origin

of the nerve; the change of cliaracter too which
will be described as occurring at the attach-

ment of the nerve, countenances the opinion
that the tract is not simply a continuation of
the nerve.

It may be doubted whether the eminence
really exist, or whether it be not merely the
result of dissection : the author will not insist

upon it, but several considerations induce him
to consider it real : in the first place, he almost
unifonnly finds it,* and secondly, it seems to

be a common point to tlie two portions of the
nerve and to the other cords, which form part
of its encephalic connections ; and lastly, this

view is corroborated by the disposition of the
same part in other animals ; for a similar ap-
pearance will be found, at the attachment of
the nerve behind tlie pons, in other mammalia
as well as in man after the separation of the
adjoining matter, e. g. in the horse ; and it is

even asserted by Desmoulins that an emitience
may be observed naturally upon the floor of
the fourth ventricle, in some animals, at the
attachment of the nerve. His statement is

:

" on obser%e ni6me dans les rongeurs, les

taupes, et les hdrissons, un petit mamelon ou
tubercle sur I'extremite antdrieure du bord du
ventricule ; mamelon, dans lequel se continuent
les fibres posterieures de la ciiiquifcme paire, et

de I'acouslique." When tlie tract has reached
the point at which the inferior peduncle of the

cerebellum first inclines outward toward the

hemisphere, it separates, as has been slated, into

two parts or cords, (see^igs. 140, 141,) destined,

one, as is already known, to the posterior, the

other, according to the author's belief, to the an-
terior column of the spinal cord. Tlie course and
disposition of these cords are remarkable and

root of the nerve, but admitting this, be cannot
satisfy himself that it is to be regarded in the same
light in the Mammalia.

* The attachment of both the packets must be
made out, else the enlargemeot will not appear.

1

i
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apparently contrary to analogy ; they are dis-

tinguishable into anterior and posterior, but

they descend, the anterior to the posterior, and
the posterior to the anterior columns. The an-

terior cord is by much the larger, and is pro-

longed through the inferior peduncle of the

cerebellum, until at the inferior extremity of

the bulb it is continued into the longitudinal

fasciculi of the corresponding posterior column
of the spinal marrow ; it is situate along the

outer side of the olivary body, but separated

from it by a slight interval, nor does it seem
to have any connection with that body : it is

imbedded in the substance of the superior part

of the peduncle, situate, however, nearer to its

anterior than its posterior surface, and laid

obliquely across its fibres as they pass outward

toward the hemisphere of the cerebellum; but

as it proceeds it becomes gradually more super-

ficial, gains the outer side of the peduncle, and

at the lower extremity of the bulb is actually at

its surface almost immediately behind tlie lateral

fissure of the cord and the posterior roots of the

superior cervical nerves. The existence and
course of this cord have been first established

and described by Rolando in his "Saggio sopra

la vera Struttura del Cervello," and also in a

memoir upon the Anatomy of the iVIedulla

oblongata, published in the fourth volume of

the Journal of Physiology.

ITie posterior cord is much smaller than the

former ; it descends behind the inferior pedun-
cle of the cerebellum, as it passes outward

into the hemisphere, and upon the posterior

aspect of the spinal bulb ; enters the posterior

fissure of the bulb, between the posterior py-
ramids, and can be traced some way down-
ward, in the bottom of the fissure, along the

back of the anterior column of the same side,

into which it appears to be ultimately con-

tinued. (Figs. 140, 141, 13.)

The preceding account of the encephalic

connections of the fifth nerve differs very much
from that adopted by some of the highest

modern authorities. It is not necessary to

allude to the opinions entertained upon the

point, before the course of the nerve had

been particularly inquired into ; but, accord-

ing to some of tlie most recent, the nerve

arises from the groove between the restiform

and olivary bodies, and from the olivary bodies

themselves. Such is the view given of the

origin of the nerve by Gall and Spurzheim

in their fifth plate of the brain, in which the

nerve is represented breaking up, on the out-

side of the olivary body, into several fasciculi,

which plunge obliquely into it. In their

account* of the course of the nerve into the

brain they state, " on pent aisement suivre son

cours entier jusq'au dessous du c6t<: exterieur

des corps olivaires ;" this might be, perhaps,

interpreted to mean bei/onii the olivaries,

reference being had to the relations of those

bodies in the erect posture ; but from the

representation given it is obvious that the in-

tended meaning is, that the nerve can be fol-

• Anatomie et Physiologie du Systcme Ner-
vpux, lom. i. p. 1()7.

lowed to beneath, i. s. underneath, their outer

side, the brain being placed in the manner
ordinarily adopted for dissection, in which

the anterior aspect of the olivaries is rendered

superior ; indeed their representation is alto-

gether incompatible with the opinion that they

had traced the nerve beyond the bodies.

Such also is the opinion of J. F. Meckel,*

according to whom the nerve " passes under

the posterior peduncle of the cerebellum,

along the outer side of the pons, toward the

groove between the olivary and restiform bo-

dies, where it arises in part from the groove

and in part from the olivary eminences."

Cloquet|- likewise states the nerve to arise

between the olivary and restiform bodies, and

has adopted and copied, in his late work,J

the view given of its origin by Gall and Spurz-

heim. Further, the discovery of this origin of

the nerve has been attributed by Meckel§ and
others to Santorini.

It is a hardy thing to contradict such au-

thorities as have been quoted, and the influence

which they justly carry with them has made
the author hesitate before adopting a contrary

opinion ; but if reference be made to the work||

of Santorini on the point, it will be found that

he nowhere, in his account of the origin of the

nerve, assigns the groove between the restiform

and olivary bodies as its situation in the spinal

bulb, as will appear from the following extract,

the only paragraph of his account in which he

particularizes it, and in which lie supposes it

to be situate between the olivary and jjyramidal

bodies : " Unde in interiorem medullae ob-

longatse caudicem conjectus, fere inter olivaria

et pyramidalia corpora locatus, quo demum
pergat, cum tenuium fibrarum implexus, turn

earumdem mollitudo, ne consequerer, omnino

Erohibuere ;" from which it is plain, as has

een stated, that he supposed the nerve to be

between the two latter bodies ; and also that

he had not been able to trace it to any particular

destination, although, in a succeeding para-

graph, he conjectures the olivary body to be

its source : hence there is reason to conclude

that succeeding anatomists have assumed his

conjecture to be an established fact, and have

modelled their accounts and re|)resentations

accordingly. Moreover, since the olivary bodies

do not exist in the lower classes of animals,

it is not likely that they should be points of

origin or attachment for nerves ; in fine, the

author has so uniformly succeeded in tracing

the nerve to the destination which has been

described, that he is satisfied of the accuracy

of it, in which he is confirmed by the fact that

the account here given accords with the opinions

of Santorini, Soerainerring, and Rolando, so

far as that of the first has been determined to

be accurate, or as those of the others extend ;

the particulars in which it differs from, or rather

in which it goes beyond these, rest upon th»

author's authority and remain to be confirmed,

• Manuel d'Anatomie, French edit,

t Traite d'Anatomie descriptive.

X Anatomie de rHomme,
4 See note 5, p. 82, op. cit. vol. ii.

ll
Observationes Anatoinica.
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viz. the attachment of the two packets to the same
point, the existence of the eminence at the inser-
tion, ami that of a cord of communication with
tlie anterior column of the spinal marrow.
The encephalic connections of the nerve,

as detailed, are corroborated by those to be
observed in inferior animals. In those Mam-
malia in which the pons is but little deve-
loped, the nerve is attached between that part
and the trapezium ; in those instances in which
the pons is more so, the nerve is attached,
superficially, not actually behind that prf,
hut near to its posterior margin; with little

trouble it can be followed to the back of the
pons, where it is attached, as in Man, to the
medulla oblongata, the point of attachment
presenting here also, after the separation of the
adjoining matter, the appearance of an emi-
nence or tubercle, from whence a cord de-
scends beneath the trapezium into the lateral
column of the spinal bulb. This cord is of
great size in many animals ; and in some can
be seen distinctly, without dissection, upon
the surface of the spinal bulb, in consequence
of the degree to which it projects : it is well
expressed in the delineation of the brain of the
calf in the third plate of Gall and Spurzheim,
and in that of the brain of the horse in fig. 275
of M. Serres' Illustrations of the Comparative
Anatomy of the Brain.

In Birds, Reptiles, and Fish, neither pons,
trapezium, nor olivary bodies exist, and the
nerve is attached to the lateral part of the
spinal bulb at its superior or anterior extremity,
and to its lateral column—tlie prolongation of
the superior column of the spinal cord. In
all three the point of attachment is situate a
little way from the back of the bulb and be-
neath the floor of the ventricle, the cineritious
stratum, of which the latter consists, being
directly connected to the back of the nerve.
In Birds (Jig. 142) the continuation of the nerve

Fig. 142.

I
Brain and Fifth Ifenes of the Gooae.

1 Inferior surface of cerebrum.
2 Spinal bulb. 3 Ganelia of fifth nerves.
4 Root of nerve from lateral column of the bulb

exposed by turning aside the superficial sUatum of
that part,

5 First division of the fifth. 6 Second do.
7 Third do. 8 Auditory nerve.
On one side (the reader's right) the non-gan-

glionic fasciculus has been traced beneath the gau-
gliou into the third division of the nerve.

can be traced downward along the side of the
bulb toward the spinal cord, and without diffi-

culty, inasmuch as it is superficial and is not
crossed by a trapezium, as in the Mammalia.

In the Turtle the nerve can be traced in like

manner from the point of attachment down-
ward into the lateral column ; and in Fish the

Fig. 143.

Origin 0/ Mnw ill TuriU,

1 Spinal bnlb.

2 Fifth nerves.
The pin is passed between the ganglionic and

non-ganglionic fasciculi, the latter being continued
into the third division.
3 Ganglion.
4 First division of the nerve.
5 Second do.

6 Third do.

attachment is in all essentials similar : the com-
parative smallness of the bulb and the direc-
tion which the nerve takes in its course out-
ward, make it resemble the spinal nerves more
than in the other classes; but its encephalic
connection is strictly the same, namely, tJthe
lateral column of the bulb beneath the floor of
the ventricle. In the Cod, after the removal of
the floor of the ventricle from the back of the
nerve, the latter may be followed for some way
into the column, though neither to the same
extent nor so satisfactorily as in the bird or the
Turtle; and in the Ray, while the two inferior

fasciculi of the nerve—for in this fish it consists

originally of three—are connected in the usual
mode to the lateral column, tlie superior is

attached to a convolution formed by the floor,

in consequence of a greater developement of its

margin. In the Cod the convolution adverted

to does not exist, but the floor of the ventricle

cannot be raised from the nerve without destroy-

ing a connection of some kind between them.
In the latter fish the fifth nerve is attached

before and rather superior to the auditory nerve,

and the two nerves are quite distinct as far as

the point of attachment, but there tliey ate in

t2
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Fig. 144.

' Brain and Fifth \enei of the Cod.

1 Non-ganglionic portions (on the reader's left c Third do.
side) separated from the ganglionic and thrown rf Fourth branch derived from both.
back. _

^
e Fifth branch derived only from the ganglionic.

2 Ganglionic portion. The third division has been removed on the left

a First branches of both portions. side,

b Second do. *

immediate apposition and appear to have the

same source. In the Ray it is different ; in it

tlie auditory seems merely a branch of the

fifth (j?g. 145, 7) given off from its posterior

ganglionic fasciculus about three lines from its

attachment to the spinal bulb, and before the

formation of its ganglion.

After the preceding details it must seem

Fig. 14.5.

Brain and Fifth Nervet of the Rag.

a Anterior ganglionic portion of the fifth nerve. posterior ganglionic ; on the right it is in situ.

b Posterior do. e First branches of the two portions.

c Kon-ganglionic portion. On the reader's left f Second do.

it is laid back io display its connexion with the 7 Auditory nerves.

extraordinary if the nerve in the higher ani- the brain, so very much from that in the in-

roals differed, in its ultimate connection with ferior, as it is represented by some to do.
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Yel it is asserted by M. Serres,* who has

founded liis opinion upon t)ie observations

which he has made upon the successive de-

veloi)€ment of the brain and nerves in the

embryo of vertebrate animals, that in the

Mammalia the nerve is implanted upon the

Irdjiezium. Such is tlie form of expression by
which he intends, as the autlior understands,

the ultimate connection of tlie nerve with the

brain. Now, in the first place, we have al-

ready seen where that connection is in those

animals in which the trapezium does not exist,

and it appears to the author reasonable to con-
clude that similar nerves have similar or ana-
logous attachments in the several classes of

animals, however the parts with which they

are connected may be complicated or ob-
scured by superadded structures. In the second
place the trapezium can be regarded only as a

superadded structure, and is not among those

parts from which nerves are likely to arise,

being itself but a commissure : and, thirdly,

the situation and connections of the part to

which the nerve is attached, are altogether in-

compatible with the opinion that it is the tta-

fiezium, inasmuch as the latter is situate be-

ore the cords, which ascend from the anterior

columns of the spinal cord to the crura cerebri,

while the structure with which the nerve is

connected is posterior to them. For these

reasons the author concludes that M. Serres

has mistaken the place of the nerve's attach-

ment in the Mammalia.
In conclusion, the representation of the ori-

gin of the nerve, which api)ears to the writer to

be the most remote of all from the real one, is

that given by Swan, in his plates of the nerves

lately published, in which the fifth is re-

flected into the auditory nerve : such a con-
nection is merely artificial and does not really

exist ; it can be produced only by stopping short

in tlie pursuit of the fifth nerve, and mould-
ing it into the anterior root of the auditory,

which is in contact with it.

This view of its encephalic attachment has
probably originated in the intimate connection

Known to exist between the two nerves in in-

ferior animals. The complication of the cere-

bral connection of the nerve in the higher

animals may be now better understood. In
those, in which the pons and trapezium do not

exist, the nerve emerges directly from the

spinal bulb, in a manner similar to the ad-
joining nerves ; but in those, in which the

bodies alluded to are present, inasmuch as the

attachment of the nerve is behind them, it can
reach the surface only by either passing be-
tween them, or traversing their substance.

Hence, if tlie nerve simply traverse them, it

ought not to receive any accession of fibres from
them, and such, according to the >vriter's

experience, is the case. As it emerges from
the pons, the lesser packet receives an e|)ithe-

lium from its surface; but he has not been
able to detect any fibres originating within the
substance of that part.

The structiual arrangement, which the ence-

• Op. cit.

phalic portion of tlie nerve presents within the

Drain, is different from that, for which it is

remarkable, while su|)erficial to it. Exter-

nally it is, as has been staled, of a fascicalar

texture ; but, within, that appearance is not to

be observed : there the larger portion is a
white, soft, homogeneous, flattened cord, the

delicacy of which, in the natural state, forbids

the separation of it into distinct parts; bu6
when sufficiently hardened, it may be divided'

into numerous thin strata, and these again into

delicate fibrils. That such an arrangement is

a natural, and not an artificial appearance, is

manifest from the circumstance, that the sepa-

ration into fibrils can be effected only in one
direction, the length of the nerve, and that

they break off when it is attempted in the

other. The nerve retains those characters as

far as its attachment behind the crus, but there

they cease ; the pure white colour suddenly
disappears ; the point of attachment and the

cords descending fi-om it present a cineritious

tint ; and they are not absolutely distinct from
the surrounding substance, as the nerve had
previously been, but immersed in it ; they are,

however, still manifestly composed of fila-

ments, which may be rent either toward or

from tlie point of attachment ; and after im-
mersion in spirit they become nearly white.

The course of the nerve, from its attachment

to the surface of the brain, is forward and out-

ward toward the internal anterior extremity of
the petrous portion of the temporal bone ; it

next passes over the superior margin of that

portion, and descends upon its anterior surface

into the middle fossa of the base of the cra-

nium, where it reaches the Gasserian ganglion.

During its short course, from its attachment to

the brain, to the ganglion, it is at first contained
within the proper cerebral cavity, by the side

of the pons Varolii, and beneath the internal

anterior angle of the tentorium cerebelli ; in

the second place, in the middle fossa, it is

not within the cerebral cavity of the cranium,
but beneath it, separated fro n it by a lamina,

of dura mater; it is there contained in a canal'

or chamber, formed by a separation of the-

dura mater into two layers, between which the;

nerve and its ganglion are inclosed, one be-
neath them attadied to the bone, another above-
separating tiiem from the brain. This chambec
is situate immediately external to, and lower
than the cavernous sinus, but separated from
it by the inferior lamina of the dura mater just

described, which ascends from the bone to

join the superior, and in so doing forms a
septum between the two chambers ; it is atjout

tliree-fourths of an inch long, reaching from
the superior margin of the ])etrous bone to the

anterior margin of the depression upon its.

anterior surface, in which the g-.inglion rests.

In front this chamber is wide, containing akthat

part the ganglion, and'sends fibrous offsets upon
the nervous trunks proceeding from it ; poste-

riorly it is narrow, and presents an oval aperture,

about one-third of an inch long, situate ex-

ternal and inferior to the posterior clinoid pro-

cess of the sphenoid bone beneath the attach-

ment of the tentorium cerebelli to that process.
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and also bcneatti the superior petrous sinus :

by this aperture the chamber communicates
with the cerebral cavity and the nerve enters.

The chamber is lined by the arachnoid mem-
brane, as far as the posterior margin of the gan-

glion, but along this the membrane is reflected

from the interior of tlie cliamber to the nerve,

and returns upon it into the cranium : lience

the nerve is free within the chamber, while

the dura mater is attached to the surfaces of

the ganglion, and so closely that it requires

care to separate it from them. The cham-
ber presents a remarkable variety in its con-

struction in some animals : in the horse, for

instance, its parietes are not simply fibrous,

as in man, but, frequently at least, in great

part ossecus, being at the same time lined by
the membrane.
The passage of the nerve over the margin

of tlie petrous bone is marked by an inter-

ruption in the sharp edge, which the bone
presents external to that point, and its site

tipon its anterior surface, as also that of the

ganglion by a corresponding shallow depres-

sion.

Throughout the course of this portion of

the nerve, the relation of the two packets

to each other varies ; at the attachment of the

nerve to the crus cerebelli, the smaller packet,

allowance being made for those vaiieties pre-

sented by it in its mode of attachment, is

superior and internal to the larger; in the in-

terval between the crus and the margin of the

petrous bone, the smaller packet gradually

descends along the inner side of the larger,

until it has reached the same level, so that the

two packets are placed immediately side by
side upon the margin of the bone, the lesser

internal to the greater ; but as the nerve pro-

ceeds into the middle fossa, the smaller, at

the same time, passes from within outward
beneath the larger, and also beneath the gan-
glion, toward its outer and posterior extremity;

during this course it has no communication
with the ganglion, but is quite distinct from

it, though inclosed in common in the chamber
formed by the dura mater, and connected with

it by a dense cellular or fibrous structure; but

having thus passed the ganglion, the lesser

packet is united to the third trunk proceeding

from that body, and with it constitutes the third

division of the nerve.

The larger packet, on the contrary, is at-

tached to the ganglion. It has been before

stated that the plexiform arrangement, which
it presents, becomes less, as it approaches that

body; its fasciculi become more distinct ; they

.separate from each other, so that the width of

the packet is greatly increased, and having

readied the posterior margin of the ganglion

they are received into the channel which it

presents; in which they are ranged, in series,

from one extremity of the body to the other,

overlapped by its edges, and enter abruptly into

the substance of the ganglion.

External, portion of the nerve.—The external

orperipheric portion of the nerveconsistsof three

large trunks or divisions, which are connected,

on the one hand by their ramifications, with the

organs to which the nerve is distributed, and
on the other, with the ganglion and the brain.

They are distributed, generally speaking, to

three different reaions of tlie head and face,

one to the uppermost, another to the middle
or superior maxillary, and the third to the

lowest or inferior maxillary regions, and they

are denomin.tted, either numerically, first,

second, and third, as by the first iVleckel; or,

according to the parts to which they are dis-

tributed, the first the ophthalmic, by Willis;

the second the superior maxillary, and the

third the inferior maxillary, by Winslow.

These methods of distinction have their several

advantages. Could we select names which
would give adequate ideas of the distribution

of the trunks, the latter would certainly be

preferable ; but inasmuch as those which have

been selected do not at all adequately express

that distribution, and are attended, therefore,

with the inconvenience of not giving a suffi-

ciently enlarged idea thereof, it would probably

have been better, had the former been from

the first adopted and adhered to, for such

names could not create any incorrect impression

witli regard to the distribution of the several

divisions of the nerve; in fact, the epithets

opitthulmic, superior, and inferior ynaxillaries

ought to be altogether discarded, for, beside

the objection to their use already stated, it will

be found, upon reference to the anatomy of

other animals, that they are by no means dis-

tinctly appropriate, and that the circumstances

upon which they are founded are purely inci-

dental, associated with the peculiarities of the

animal ; for the proof of which, see the com-
parative disposition of the fifth nerve in the

several classes.

The three trunks differ from each other in

size. The first, the ophthalmic, is the smallest;

the second, the superior maxillary, is inter-

mediate in size ; and the third, the inferior

maxillary, is by much the largest. They are

connected to the anterior convex margin of the

ganglion,— the first to its superior internal

extremity, the second to its middle, and the

third to its inferior external extremity. At their

attachment they are wide, flattened, and of a
cineritious tint; but as they proceed they

become contracted in width, cylindrical or oval

in form, and of a white colour. Their texture

is fascicular and compact, the fasciculi of which
they are composed being bound up closely

together, and they differ remarkably in com-
position, the two first, the ophthalmic and
superior maxillary, being derived altogether

from tlie ganglion, and thus being, in anato-

mical constitution, simple; whereas the third

is composed of two parts, one derived from
the ganglion, and another formed by the lesser

packet of the nerve, which does not join that

body, and hence that division is compound.
The trunks rest partly against the outer side

of the cavernous sinus and in part upon the

base of the cranium in its middle fossa, and
they are enclosed in offsets from the fibrous

chamber, in which the ganglion is contained.

Their relative position corresponds to the posi-

tion of the ganglion ; the first is superior and
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internal to th« other two, the second is inferior

and external to the first, and the third is exter-

nal, posterior, and inferior to both the others.

They Ro off from the ganglion at different

inclinations, the first forward and slightly

upward, the second directly forward, and the

third almost directly downward; hence the

first and second form a very acute angle with

each other, while that between the second and
third is much greater.

First or ophthalmic division.—This division

is distributed to tlie eye and its appendages,
to the nostril, and to the forehead. It is the

smallest of the three trunks proceeding from
the ganglion, and is situate superior and inter-

nal to the otlier two. It is about three-fourths

of an inch long from the ganglion to its division

into branches, and is contained thus fa' within
the cranium. Its course is forward, upward,
and slightly outward toward the upper part of
the foramen lacerum of the orbit. It is laid

against the outer side of the cavernous sinus,

in company with the third and fourth nerves,

and is contained in the external wall of the
sinus, being separated from the interior of that

chamber by a thin septum, which is a prolon-
gation of the inferior internal wall of the canal
in wliich the nerve and ganglion are contained.
The septum is dense, but at the same time so
thin and transparent that the nerve can be seen
through it from the side of the sinus, while the
lamina of the dura mater, by which it is sepa-
rated from the interior of the cranium, is so
thick and opaciue, that tlie course of the nerve
is altogether concealed from that side. At its

outset the nerve is beneath, and external to the
third and fourth nerves, and external and some-
what superior to the sixth, which is within the
sinus; but ascending as it proceeds, it gains,

about the middle of the sinus, the same level

with the third, placed still at its outer side,

and inferior to the fourth, and then terminates
by dividing into branches.

Presently after its origin from the ganglion
the nerve is joined by one or more very fine

filaments from the sympathetic: this is ex-
pressly denied by the first Meckel, but he was
certainly mistaken ; they are very faithfully

represented by Arnold. In order to display
them the sixth nerve may be separated carefully

from the carotid artery in the cavernous sinus,

after which it will be found that branches of
the sympathetic ascend upon the artery internal

to that nerve, and distinct from those which
are connected with it. Having surmounted it

they branch off", some upon the artery as it

piisses to the brain, others to other destinations,
and of the latter some incline outward above
the sixth nerve and are connected to the first

division of tlie fifth : they are short and very
delicate.

The first division of the fifth gives off no
branch from its outset to its final division,
except an extraordinary filament described by
Arnold, and denominated by him the recurrent
branch of the first division of the Jifth. It arises
from the upper side of the trunk immediately
after it leaves the ganglion, runs backward above
this body at a very acute angle, enters the struc-

ture of the tentorium cerebelli, and divides be-
tween its laminae into several very delicate fila-

ments.

The branches into which the first division of
the fifth ultimately divides are either two or three;

according to the elder Meckel and the greater

number of authorities they are three ; according

to others they are sometimes three, but are more
frequently only two. The three branches are

the frontal, the nasal, and the lachrymal.

When the branches are but two, they are,

according to J. F. Meckel, the nasal and the

frontal, the latter in such case giving off" that,

which in the other mode of distribution is the

third,the lachrymal. Theelder Meckel attributes

the difference of opinion which prevails with re-

gaixi to this point to the fact that the lachrymal

nerve frequently has a second root derived
from the frontal, which in such cases has been
assumed to be the origin of the nerve. The
names which have been applied to those

branches have been taken either from their

destination or from their relative course ; thus
the frontal, so called from its distribution to

the forehead, is also called the superior or

middle branch; the nasal, so called because
finally distributed to the nostril, the internal

or inferior, and the lachrymal, which derives

its name from the lachrymal gland, the external.

The three branches differ in size; the frontal is

considerably larger than either of the others,

the nasal is second, and the lachrymal is much
the smallest. They all three traverse the orbit,

but they pursue different routes, and have, at

entering, very different relations.

1 . Thefrontal nerve appears in the human
subject, both from its size and itsdirection, to be
the continuation of the original trunk. In other

animals, however, it is otherwise: in them the
predominance of the frontal nerve diminishes
along with that of the superior region of the
face, until in some it ceases to exist as a pri-

mary branch of the first division of the fifth,

and its place is supplied by a secondary branch
of another, while the nasal branch increases

in the same proportion, and seems ultimately

to constitute itself the first division of the fifth.*

The frontal nerve passes upward and forward
toward the highest part of the foramen lacerum
of the orbit, and enters that region through it.

It then continues its course through the orbit

to the superciliary foramen and escapes through
it to the forehead. During this course it is

placed, before it has entered the orbit, at the
outer side of the third nerve; it then rises

above the third and crosses over it to its inner

side. In doing so it is accompanied by the

fourth nerve, to which it is external and in-

ferior; it enters the orbit in company with

the fourth and nearly on the same level, but

still external to and somewhat beneath it. lo

entering, it passes above the origin of the

superior rectus muscle, and all the other parts

transmitted through the foramen lacerum, with

the exception of the fourth nerve. At the en-

trance of the frontal nerve into the orbit and

during its course from its origin thereto it is

* See comparative distribution of the fifth nerve.

i
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closely attached to the fourth nerve, but pre-

sently after separates from it, the fourth in-

clining inward, is continued fonvard to the

superciliary foramen, lying upon the superior

surface of the superior rectus and levator palpe-
brae muscles, being through its whole course
within the orbit immediately beneath its roof.

Having reached the foramen it passes through
it, and changing its direction, ascends round
the superciliary arch, upon tlie forehead, be-
neath the orbicularis palpebrarum and frontalis

muscles, and is thenceforth called by some the

external frontal nerve in contradistinction to a
branch from itself, the supra-trochlear, or internal

frontal. In its mode of escape from the orbit

the frontal nerve is subject to some variety,

consequent in part upon the mode in which
the superciliary foramen is formed, that being
in some instances altogether osseous, in others

osseous only at its superior part and completed
by ligament below ; in this case the nerve
escapes through an osseous notch, and not a

foramen. In other instances, again, when the

nerve divides previous to its escape it is some-
times transmitted through two apertures.

The distribution of the frontal nerve, as well
as that of most of the secondary branches, is

subject to varieties, which the author has en-
deavoured to embrace in the following account.
In the first place the frontal, at its entrance
into the orbit, anastomoses with the fourth

nerve. Next it gives off, some time after its

entrance and previous to its division, a long and
slender branch, which runs forward and inward
toward the trochlea of the superior oblique.

Then it divides into two branches, a larger

one, the continuation of the nerve, which
escapes through the superciliary foramen, and
a smaller, the sitpra-troclileur or internal

frontal. The latter passes forward and at the

same time inward toward the trochlea of the

oblique muscle, escapes from the orbit internal

to tlie continued trunk of the frontal nerve,

and ascending upon the forehead beneath the

corrugator supercilii, orbicularis, and frontalis

muscles, it has received the name of internal

frontal, in contradistinction to the continued
trunk, which is at the same time called external

frontal. The point at which the frontal divides

is variable; for the most part the division takes

place about midway in the orbit. In some
instances it occurs before the nerve has reached
that point, and in others, again, not until it

has approached nearer to the anterior margin of

the orbit. The distance of the division from
the margin of the orbit appears to modify the

course of the internal branch : when it is far

back, the nerve escapes from the orbit above
the trochlea, and hence the name supra-tro-

chlear, given to it by Meckel ; and when near the

margin it escapes external to the trochlea, be-

tween it and the superciliary foramen ; while in

the latter case a branch of the nerve is transmitted

above the trochlea, in the usual course of the

nerve itself. Nor is the size of the two branches

into which the frontal divides equal or uni-

form ; for the most part the external branch is

the larger, but in some instances the two are

of equal size. In its course forward the supra-

trochlear nerve gives off first, occasionally a

delicate branch, which frequently arises from

the frontal itself prior to its division, the course

and destination of which have been already

described. Next it gives off, in some instances

before, in others not till alter it has escaped

from the orbit, a branch which passes inward

toward the intenial canthus, and, uniting with

either the infra-trochlear itself or a branch of

it, concurs in forming a small plexus, from

which filaments are distributed to the structures

of the upper eyelid, toward its internal part,

and to the eyebrow. Having escaped from

the orbit, the supra-trochlear nerve divides into

two sets of branches, denominated palpebral

andfrontal; the first descend into the superior

eyelid, and are distributed to the structures of

that i)art ; the filaments communicating exter-

nally with those of the frontal, and internally

with those of the infra-trochlear. The frontal

branches ascend round the superciliary arch,

beneath the orbicularis pali^ebrarum and the

corrugator supercilii muscles, upon the fore-

head, and these are disposed of in a manner
similar to that in whicli the branches of the

proper or external frontal are. Some are dis-

tributed to the orbicularis, corrugator, and fron-

talis muscles; other, long branches, ascend

beneath the frontalis, traverse it, and become
subcutaneous, and are distributed to the inte-

guments of the scalp upon the forehead. Of
these the external unites with the internal

branch of the external frontal, and forms with

it a common branch, which has the same
destination as the others.

The external larger branch of the frontal,

called, in contrast with the last, the external

frontal nerve, also divides into two sets of

branches, palpebral and frontal.

The nerve in some instances emerges from

the orbit a single trunk, in others it divides be-

fore it escapes from that region, for the most

part into two branches, which are transmitted

sometimes through the same, at others through

distinct apertures, and from which the several

ramifications arise, they themselves becoming
ultimately the long frontal branches.

Immediately after their escape the frontal

branches give off externally slender filaments,

which run outward toward the external can-

thus, one beneath the eyebrow, through the

upper eyelid, and one or more through the

brow itself; these ramify as they proceed, sup-

ply the lid and brow at their outer part, and

anastomose with filaments of the portio dura,

and of the superficial temporal nerve.

The frontal branches are arranged into super-

ficiul and deep ; those epithets have been diffe-

rently applied by different writers ; thus those

which the elder Meckel terms the superficial,

Boyer and Cloquet denominate the deep

branches ; nor is this to be wondered at, inas-

much as both sets become ultimately superficial;

it were better, perhaps, to arrange them into

short and long branches. Tlie short branches

are distributed to the orbicularis muscle, the

corrugator, and the frontalis, and having sup-

plied those muscles, they or others of them be-

come subcutaneous, and terminate in the inte-
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gumcDts of the eyebrow and forehead : one

of these branches, as described by Meckel,

runs outward, througli the orbiculaiis, toward

the external cantlius, and estabhshes anasto-

moses with filaments of the facial porlio dura

nerve. The long branches are two, an external

and an internal ; of those the external is, for

the most part, the larger ; they ascend beneath

the frontalis and the frontal aponeurosis, the

former inclining outward, the latter inward, as

they ascend ; they distribute in their course

ramifications to the muscle, and to the deeper

structures of the scalp, as well as some-
times, according to Meckel, to the pericra-

nium, and traversing the firontal aponeurosis,

they become subcutaneous, and terminate in

the structure and integument of the scalp. The
external communicates with the superficial

temporal nerves ; the internal with the mternal

frontal, the supra-trochlear. They are said both

to anastomose with the branches of the sub-
occipital nerve ; but Meckel states that he
has pursued tliem until they have escaped

his sight, and yet he could not discover any
anastomoses between them and the branches of
that neire.

2. The nasal nerve is in size tlie second
branch of the first division of the fifth, and arises

always separately from the original trunk. Its

course is inferior and internal to those of the

other two, and hence the nerve is called by
some the inferior, by others the internal branch.

It is distributed partly to the eye and its appen-
dages and partly to the nostril, and hence it is

also called naso-ocular by Soemmerring. Tlie

direction of its course is forward and very

much inward; it passes through the foramen
lacerum into the orbit; then traverses that re-

gion from without inward toward its internal

wall, and having reached it at the foramen or-

bitarium internum anterius, it escapes from the

orbit through that foramen, and passes into the

cranium ; it emerges into the cranium from
beneath the margin of the orbitar process of the

frontal bone, and crosses the cribriform plate of

the ethmoid obliquely forward and inward,
contained in a channel in the bone, and in-

vested by the dura mater, until it reaches llie

crista galli ; it then descends from the cranium
into the nostril, through the cleft, which exists

at either side of the crista galli at the anterior

part of the cribriform plate, and having reached
the roof of the nostril, it divides into its final

branches.*

The nasal branch is concealed at its origin

by the frontal, which is situate external and
superior to it. Before its entrance into the orbit

it is placed by the outer side of and closely ap-
plied to the third nerve. In entering the orbit

* The nasal is usually described as terrotnating
by dividing within ihe orbit into two branches, the
ethmoidal or intertml nasat, and the infra-trocblear or
exlemal muat : the author has preferred considering
tlie former as the continuation of the nerve, be-
cause in inferior animals both the nasal is the prin-
cipal portion of the first division of the fifth, or
alone constitutes it, and it is manifestly prolonged,
as such, into the nostril and the beak. See Com-
parative Oisliibution.

it passes between the two posterior attachments
of the external rectus muscle, in company with
the third and sixth nerves, external to the

former and between its two divisions, and
internal and somewhat superior to the latter.

In its course across the orbit tlie nasal nerve
passes above the optic nerve, immersed in fat,

and accompanied by the ophthalmic artery,

being at the same time beneath the levator

palpebrae, ihe superior oblique, and superior

rectus muscles, and in crossing the optic

nerve, it is placed between it and the last

mentioned muscle. Through the foramen or-

bitarium the nerve is accompanied by the an-
terior ethmoidal artery, and within the cra-

nium is situate beneath but not in contact

with tlie olfactory bulb, being separated from
it by the dura mater. The course of the nerve
from the orbit to the nostril is liable to be
modified by the developement of the firontal

sinuses ; when they are very large, and extend,
as they not unfrequently do, into the orbitar

processes of the frontal bone and the horizontal

plate of the ethmoid, the nerve may cross to

the side of the crista galli without entering the

cranium, being contained in a lamella of the

ethmoidal bone. The nasal branch, before

entering the orbit, receives, according to Bock,
J. F. Meckel, and Cloquet, a filament from
the sympathetic. The branches which the nasal

gives off, are the lenticular, the ciliary, the

infra-trochlear, and the nasal.

The lenticular branch is given off as the nasal

enters the orbit, and on the outer side of the

optic nerve; it is a delicate branch, about half
an inch long; it first anastomoses with the supe-
rior division of the third nerve ; then runs lor-

ward along the outer side of the optic nerve,

and terminates by joining tlie superior and pos-
terior part of the lenticular ganglion. Accord-
ing to Bock and Meckel junior, it occasionally

gives off a ciliary nerve, and according to

Meckel senior it is, in tare instances, derived
from the third nerve. To the latter statement,
however, the author hesitates to assent : it ap-
pears to him, that it should rather be said in

such cases to be wanting.

The ophthalmic, lenticular or ciliary ganglion,
according to Cloquet, is of an oblong form

—

ila greater length from behind forward ; it is

one of the smallest ganglia of the body,
being, however, variable in size ; its colour is

reddish, at times white ; it exists constantly in

the human subject : it is situate between the
external rectus muscle and the optic nerve, laid

against the outer side of the nerve, at a little

distance from its entrance into the orbit ; its

external surface convex, corresponding to the

muscle ; its internal, concave, to the nerve ; to

its superior posterior angle is attached the len-

ticular twig of the nasal branch of the first

division of the fifth ; this filament constituting

its long root ; to its inferior posterior angle a
filament from the inferior division of the third

nerve is attached, constituting its ihort root.

To the posterior part of the ganglion are also

attachea two filaments derived, one from the

cavernous ganglion or the carotid plexus ; the

other, the constant existence of which has not
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been yet established, from the spheno-palatiiie

ganglion.

The ganglion gives off from its anterior ex-

tremity a considerable number of very delicate

filaments, denominated from their distribution

ciliary : tliey amount to from twelve to sixteen

;

are reddish and tortuous ; and run forward

along the optic nerve to the back of the eye,

which they enter at a short distance from the

nerve. They are distinguished into two fasci-

culi, superior and inferior ; which are attached,

one to tlie superior anterior, the other to the

inferior anterior angles of the ganglion : the

former is the smaller ; contains at first but three

filaments, which, as they proceed, divide so as

to produce six, and run parallel to each other

above the optic nerve: the second fiisciculus is

situate on the outside of and beneatli the optic

nerve, and contains from six to ten filaments col-

lected at their origin into six branches: they pass

beneath the nerve and incline inward, so as

to gain, some of them, its inner side : one of

them runs outward and joins one of the ciliary

branches of the nasal nerve. The ciliary nerves

all penetrate the sclerotic coat of the eye sepa-

rately and obliquely ; then nm forward between
the sclerotic and choroid coats, without giving

filaments to either, lodged in channels upon
the inner surface of the former: as they ap-

proach the ciliary circle they divide, each into

two or three filaments, which enter the circle

and are lost in it : some of them pierce the

choroid at the anterior part of the eye, and go
to the ciliary processes.

The ciliari/ branches are two or three in

number ; they are very delicate, and are given

off, while the nasal is crossmg the optic nerve
;

they run forward along the optic, imbedded in

fat, penetrate the sclerotic coat of the eye pos-

teriorly, and then continue forward between
the sclerotic and choroid coats, in like manner
as the other ciliary nerves, to the ciliary circle.

The infra-truchlear brunch, so called by the

elder Meckel, because it escapes from the

orbit beneath the trochlea of the oblique mus-
cle, is also called external nasal. It is given

off when the nasal has reached the inner wall

of the orbit, and as it is about to enter the fora-

men orbitarium ; it is a branch comparatively

considerable, at times longer, at others smaller

decidedly than the continuation of the nasal

;

it runs directly forward along the inner wall,

beneath the superior oblique muscle, toward

its trochlea, and having reached that, escapes

from the orbit beneath it. It tlien divides, in

the internal canthus of the eye, into two
branches, a superior and an inferior.

The infra-trochlear, while within the orbit,

gives off occasionally, soon after its origin,

a small branch, which returns and joins the

nasal before it enters the foramen orbitarium ;*

also a delicate branch, which joins a corre-

sponding branch given oft' either by the supra-

trochlear or the frontal. The distribution of the

nerve resulting from their junction has been

already described under the frontal nerve. Of
its ultimate branches, the siiperior joins and

forms a plexus with a branch of the supratro-
chlear nerve, already described, given off either

immediately before or after that nerve has

escaped from the orbit. From the junction of

the two, numerous delicate ramifications are

distributed to the upper eyelid and to the eye-

brow. Theinferiorgivesoft' several ramifications,

which are distributed to the origin of the cor-

rugator, the orbicularis, and the pyramidalis

nasi muscles ; to the conjunctiva, at the inter-

nal canthus ; the caruncula lachrymalis and the

lachrymal sac. Of those ramifications, one de-

scends before the tendon of the orbicularis, and
communicates with a branch of the portio

dura: another communicates with a branch of

the infra-orbital; but the latter anastomosis is

uncertain.*

The nasal nerve having entered the nostril di-

vides at the roof of the cavity into two branches,

an external and an internal: of these the former

descends behind the nasal process of the frontal

and the corresponding nasal bones, contained

in the groove or canal observable upon their

posterior surface. It escapes from beneath

them at their inferior margin, emerging between
it and the lateral cartilage of the nose, and then

descends along the corresponding ala, superfi-

cial to the cartilage, and covered by the mus-
cles of the ala, toward the tip : as it approaches

the tip, it divides into two filaments, one of

which is distributed to that part, and the other

to the ala. During its descent along the side

of the nose it also gives off some delicate fila-

ments, and anastomoses with the ramifications

of the nasal branches of the infra-orbital nerve

and with the portio dura. It is called by

Chaussier the 7iaso-lohur : it is also generally

known as the nerve of Cotunnius. The second

blanch, as it proceeds, divides presently into

two, of which one attaches itself to the septum,

and descends, between the pituitary membrane
and the periosteum, parallel and near to its an-

terior margin, as the naso-palatine of Scarpa

does to its posterior : as it proceeds, it furnishes

ramifications to the membrane of the septum.

The second attaches itself to the outer wall of

the nostril, and descends, in like manner be-

tween the mucous membrane and the perios-

teum, along its anterior part, in front of the

middle turbinate bone, until it reaches the an-

terior extremity of the inferior one : it then

breaks up into branches, of which some are

distributed to the convex surface of the latter

bone in front, and others beneath it to the an-

terior part of the inferior meatus. The distri-

bution of the branch is very happily represented

in Arnold's Icones.

The nasal nerve is described as giving also,

m some instances, but not uniformly, a branch

to the membrane of the superior turbinate

bone, at the superior part of the nostril.

3. The third branch of the first division of the

fifth is the lachri/mal: it has been so called by
Winslow from its distribution to the lachrymal

gland : it is die smallest of the three branches :

its course is external to that of the others, and
hence it i.s also called the external branch. It

• J. F. .Meckel. 'PIic cl<kr .Mcfki-I.
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arises, for the most part, from the oplitlialmic

at tlie same time with its other branches

;

J. F. Meckel asserts that it arises more fre-

quently from a trunk common to it and the

frontal ; but the contrary is maintained by
the elder Meckel ; he, however, states that it

arises frequently by two roots, one from the

ophthalmic, .and a second from the frontal, and
once he has seen it derive a root from the tem-

poro-malar branch of the superior maxillary

nerve.* When it arises from the ophthalmic, it

is at its origin, inferior to the frontal, and exter-

nal to the nasal. Its course is forward and
outward at a very acute angle with the frontal

;

it enters the orbit through the foramen lacerum,

and from its orii;in until its entrance it is con-

tained in the dura mater lining the inner siJe

of the middle fossa of the base of the cranium,

beneath the lesser wing of the sphenoid bone:
in entering it passes above the origins of the

external rectus muscle, between it and the pe-
riosteum, and pursues its course aloug the

outer wall of the orbit, external to the superior

rectus and superior to the external, until it

reaches the lachrymal gland : it then passes

between the gland and the eyeball, and then

divides into branches. It is accompanied
through its course by the lachrymal artery.

The branches into which it divides are, for tlie

most part, three ; they enter the gland on its

ocular surface, traverse it and again escape
from it on its external aspect ; in their course

through the gland they divide and commu-
nicate with each other, and thus form within

it a plexus, from which numerous ramifications

are distributed to its substance. After having

supplied the gland the branches of the lachry-

mal emerge from it, and pursue two destina-

tions : one of them, which is for the most part

the first branch of the nerve, and is frequently

given off before it has reached the gland, de-

scends backward toward thespheno-maxillary
cleft, and joins the temporal branch of the

temporo-malar branch of the second division of
the fifth. In its course this branch passes first

between the external rectus muscle and the

outer wall of the orbit, then becomes attached
to the wall, and is either simply inclosed in the

periosteum, or contained in a groove or canal

m the orbitar process of the malar, or some-
times ofthe sphenoid bone ; in this canal it meets
the branch of the temixjro-malar, and from the
junction of the two results a filament, the des-
tination of which will be described under that

of the temporo-malar. This branch of the

lachrymal nerve is called the posterior or sp/ie-

no-niuxiUari) : it might from its destination be
appropriately termed temporal: it frequently

gives off in its descent a filament, which passes

for%vaid, escapes from the orbit beneath the ex-
ternal canthus, and is distributed as the other
branches of the lachrymal are. Tlie remaining
branches of the lachrymal escape from the

orbit into the upper eyelid, beneath the exter-

• [According to Cruvcilhier the lachrymal nerve
very often arises by two filaments, one from the
ophthalmic, the other from the fourth nerve, and
Swan describes tliis as the normal condition.

—

Cruvcilhier, Anal, Deter, t. iv. p. 911.— Ed.J

nal part of th« superciliary arch. They give

off numerous filaments, which are distributed

to the structures of the lid, the conjunctiva, the
orbicular muscle, and the integument : the ex-

ternal of them, which are the largest, not only
supply branches to the upper, but descend be-
hiim the external commissure of the lids into

the lower one, which they supply at its outer

part ; they are also distributed to the superfi-

cial parts on the malar region. They anasto-

mose with the frontal nerve, the superficial

temporal, tlie facial, the temporo-malar, and
the infra-orbital nerves.

The second division of the fij'lh.
—^This has

been called also by Winslow, in consequence
of its distribution, the superior mtixillnry nerve.

It is the second trunk connected with the

Gasserian ganglion, and is intermediate to the

others, both in size and situation ; larger than

the first, and placed beneath and external to it;

smaller than the third, and situate internal,

superior and anterior to it ; it is attached to the

middle of the anterior convex margin of the

ganglion; at first it is flattened, wide, and of a
cineritious tint ; but, as it proceeds, it becomes
contracted in width, of a cylindrical form, and
presents a white colour. At leaving the gan-
glion it is joined by a filament of the sympa-
thetic. This has been seen by Munniks* and
Laumonier,t and is stated by Meckel junior,

on the authority of the latter. The communi-
cation between the sympathetic and the second
and third divisions is called in question by
Amold.J That with the third the author has
not yet made out, but that with the second he
has found satisfactorily established by a fila-

ment from the branch of the sympathetic which
joins the sixth nerve : this filament connects the
sixth to the second division of the fifth, and is

short, but grosser than those which join the first

:

in consequence of the irregularity which pre-

vails in the arrangement of the sympathetic
system, the description here given may not
apply in other instances.

The course of the second division of the fifth

within the cranium is short; it is directed for-

ward, slightly outward and downward, toward
the superior maxillary or the foramen rotundum
of the sphenoid bone ; having reached that

foramen it enters the canal, of which it is the

aperture, and escapes through it from the

cranium. While within the latter the nerve

is contained in a sheath of dura mater, and
rests in a shallow channel on the body of
the sphenoid bone, at its junction with the

great ala. From the cranium it enters the

spheno-maxillary fossa, and crosses that fossa

at its superior extremity, from behind forward,

inclining still downward and outward, though
but slightly ; its course across the fossa is also

very short, extended between the root of tlie

pterygoid process behind and the highest part

of the posterior wall of the maxillary antrum
before; having traversed the superior part of

the fossa it enters the infra-orbital canal, through

• De Oriijine nervi intercostalis.

t Roux, journ. de Med. t. xciii.

{ Joiirn. Comp. t. xitiv.
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which it is transmitted, in company with the in-

fra-orbital artery, to the face. In the canal it is

situate in the floor of the orbit or the roof of the

antrum, separated from each cavity, more or

less perfectly, by a thin lamina of bone ; its

course within the canal is by much its longest

stage; as tlie nerve approaches tlie anterior

extremity of the canal, it inclines inward, and
thus its course is rendered a curve, convex
outward. In this respect, however, it pre-

sents varieties, dependant upon the transverse

dimensions of the face, which being great,

the course of the nerve is more curved and
vice versa, it being sometimes nearly straight.

From the time that the nerve enters the canal,

it has been called infra-orbital ; but, inasmuch
as that part of it is manifestly but the con-

tinuation of the trunk, and names are already

rather too numerous than otherwise, it would
be better if that one were discarded. From
the infra-orbital canal the nerve escapes through
its anterior aperture into the face ; that aperture

corresponds, for the most part, to the point of

junction of the two external with the internal

third of the inferior margin of the orbit, and is

from a quarter to half an inch below it ; its

situation, however, is not uniform ; in some
skeletons it will be found to correspond nearly

to tlie middle of the margin, and this circum-
stance is worthy of attention, in consequence
of its relation to the operation for the division

of the nerve.

At its escape from the canal the nerve is

concealed by the lower margin of the orbicu-

laris palpebrarum and by the levator labii supe-
rioris muscle, beneath which it is placed, and
it is above the upper extremity of the origin of
the levator anguli oris : immediately after its

escape it separates into a number of branches,

which go off in different directions to their

several destinations, but principally downward.
The branches which the second division

gives off are the temporo-matar, the spheno-

palatine, the posterior superior dental, the an-

terior superior dental, and the facial branches.

While within the cranium the nerve gives off

no branch.

1. The first branch given off by the second
division, the temporo-malar, has been called

cutaneous malar by the elder Meckel ; it has

been also called orbitar, but without good
reason ; the name temporo-malar fully expresses

its distribution. This branch is given off by
the nerve, either while yet within the canal,

through which it escapes from the cranium, or

after it has entered the spheno-maxillary fossa ;

it is one of its smallest branches ; it passes for-

ward through the fossa, toward the spheno-

maxillary cleft, enters the orbit through the

cleft, and then pursues its course forward and

outward, along the floor of that region, beneath

the inferior rectus muscle, and about tlie mid-

dle of it divides into two branches ; an exter-

nal, the temporal, and an anterior, the malar.

Before entering the orbit it sometimes gives

oft' a small branch, which enters that cavity

through the periosteum of the posterior pan of

the orbitar process of the sphenoid bone, and

joins the lachrymal branch of the first division,

presenting one of the instances of a second root

to that branch, as described by the elder Meckel.

The external temporal branch passes toward

the outer wall of the orbit, ascends between it

and the external rectus muscle ; then becomes

attached to the wall, and continues its course

either through the periosteum, or in a groove,

or at times through a canal in the orbitar pro-

cess of the malar, or occasionally of the sphe-

noid bone ; here it is joined by the posterior

temporal branch of the lachrymal nerve, the

third branch of the first division : the conjoined

branch is then transmitted into the temporal

fossa, through an aperture on the temporal sur-

face of the orbitar process of the malar bone
;

there it is joined by a small branch of the an-

terior deep temporal branch of the inferior

maxillary or third division of the fifth, and

plunging among the fibres of the temporal

muscle, it is distributed to them in common
with the filaments of the deep temporal; a

filament or filaments of it gain the superficial

surface of the muscle, perforate its aponeurosis,

become subcutaneous, and are distributed su-

perficially upon the temple, communicating

with filaments of the portio dura, and of the

superficial temporal branch of the third divi-

sion. The temporal branch of the temporo-

malar is sometimes double, or divides into two,

one communicating with the branch of the

lachrymal, the other transmitted to the temple.

The malar branch pursues the course of the

original nerve, until it has reached nearly to

the anterior margin of the orbit, at its inferior

external angle ; then it enters, either single or

divided into two, the corresponding canal or

canals, by which the malar bone is perforated,

and through them is transmitted outward and

forward to the malar region of the face. Its

ramifications are distributed to the inferior ex-

ternal part of the orbicularis palpebrarum, and

to the integuments of the malar region ; they

communicate with those of the portio dura, of

the superficial temporal and lachrymal nerves,

and of the palpebral branches of the second

division. Before reaching the malar canals,

the malar branch frequently gives off one or

more filaments, which ascend to the lachrymal

gland, unite with those of the lachrymal nerve,

and follow a similar distribution.

2. The branches, which are given off next by
the second division of the fifth, are those by
which the nerve is connected to the spheno-

palatine ganglion ; they are hence denominated

the spheno-palatine ; the ramifications derived

from thein, or from the ganglion with which

they are connected, are distributed to the nos-

tril and the palate, and they may hence with

more propriety be termed the naso-palatine,

an ap])ellation which is the more appropriate,

since it is already applied to the corresponding

branch of the second division of the fifth in

other animals. It is at the same time to be

borne in mind that a difficulty has been created

in this matter by the application of the epithet

in question to certain secondary branches, to be

mentioned by and-by ; but the latter use of the

term outfit to be discarded. They are irregular

in number, there being sometimes but one, ai
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others two or three : they are short and of con-
siderable size, and arise from the inferior side

of tlie nerve, immediately after it has entered

the spheno-maxillary fossa ; they descend from
it, ahnost perpendicularly, into the fossa, pos-
terior to the internal maxillary artery, and im-
mei-sed in fat, and after a very short course

they are connected to the ganglion, from which
they may seem to ascend to tlie nerve. Tliey

are thus descril)ed by Cloquet, but this view is

not sanctioned either by comparative anatomy,
or by the result of experiments, both which
prove that they are to be considered branches

of die nerve, with which the ganglion is con-
nected.

The ganglion has been first described by
tlie elder Meckel,* and hence has also received

the title of Meckel's ganglion ; it is very small,

of a grey colour, and firm consistence; its

shape is triangular or cordiform, one surface

directed outward, the otlier inward; it is situate

immediately external to the spheno-palatine
foramen, its internal surface, which is flat, cor-

responding to the foramen, its external, which
is convex, to the zygomatic fossa. It is subject

to variety ; in some instances it is wanting,
and then the spheno-palatine nerve gives off

those branches which other\vise arise from the

ganglion : in other rare cases, according to

Meckel, the two principal branches, which
arise from the ganglion when present, or
from the spheno-palatine when single, viz. the

Vidian and the palatine,proceed separately from
the trunk of the second division of^the fifth ; in

others again the author has observed a cineri-

tious soft enlargement upon the Vidian nerve

at its junction with the spheno-palatine, but
not involving tliat nerve or the branches pro-

ceeding from it ; and this, it is worth remark-
ing, is precisely the disposition of the ganglion

in the (log and some other animals. Different

views have been taken of the nature and rela-

tions of this ganglion : the Meckels, by the
elder ofwhom it was discovered, Bichat, Boyer,
and otliers, have regarded it as belonging pro-

perly to the fifth nerve, and formed by the

branches which have been mentioned : Cloquet,
on the other hand, considers and describes it

as a part of the ganglionic or sympathetic
system, and all the nerves connected with it,

as well the original spheno-palatine branches
as the others, to be branches from it : Cruveil-
hier again, while he admits the existence of
ganglionic structure, yet leaves it uncertain
whether he regards it as a sympathetic or a
cerebro-spinal ganglion, but he differs from
Cloquet in maintaining that " the nerves,"
which seem to arise from it, " are not detached
from the ganglion itself, and come directly
from the sunerior maxillary." The opinions of
Cloquet and Cruveilhier ap))ear to the author
to be both, to a certain degree, well-founded.
The ganglion would seem not to be properly a
part of the fifth nerve, because, 1 . it is not, as
ne believes, present in animals below the mam-
malia ; 2. it is not always present even in them,
and in neither case is the general distribution

• Mim. ie I'Acad. de Berlin, 1794,

of the part of the fifth nerve, with which it is

connected, influenced by its absence ; 3. it is

manifestly different in its characters from the
fifth nerve and from the branches of the nerve
to which it is attached, nor does it resemble
the cerebro-spinal ganglia, the peculiar appear-
ance of these bodies, viz. white filaments enter-

ing and emerging, their continuity being appa-
rently interrupted by au interposed mass of
cineritious matter, not being observable; while,

on the other hand, it resembles the ganglia of
the sympathetic, and is actually connected with

that nerve by a branch having precisely the

same qualities with those which p-oceed from
it, viz. by the inferior branch of the Vidian
nerve : for those reasons the author would
adopt the opinion of Cloquet, that the ganglion

is properly a part of the ganglionic system, and
that it is only accessory to the fifth nerve. On
the other hand, it appears to him that Cloquet
is mistaken in considering the ganglion as the
source of all the nervous filaments connected
with it, and more particularly of the spheno-
palatine branches of the second division of the

fifth, to which in man the ganglion is attached,

for, as has been already stated, the general dis-

tribution and existence of these branches are

not at all influenced by the absence of the gan-
glion, and when present it allows in general, as

Cruveilhier has observed, the nerves to be fol-

lowed up and down from the swelling, and
lastly, any obscurity existing with regard to

this point in the human subject will be at once
removed by reference to the disposition of the
ganglion in other animals, in none of which
that the author has examined does it involve

the nerve, but is merely connected to it either

by filaments or by one extremity, the continuity

of tlie nerve being altogether uninterrupted,
and a marked contrast being to be observed
between the characters of the two parts : thus
in the dog, the ganglion is an oblong dark-
grey swelling, with the posterior extremity of
which the Vidian nerve is united, while its an-
terior is attached to the naso-palatine nerve.

The author, therefore, concurs in the opinion of
Cruveilhier, so far as to regard the nerves con-
nected with the ganglion, for the greater part,

as branches of the fifth nerve and not of the

ganglion; but he would exclude from tliis view
the Vidian nerve, or at least its carotidean

branch, which appears to him to belong to the

sympathetic system. (See posterior branch of
ganglion.)

Ihe disposition of this ganglion throughout

the animal series is an object of interest. The
author cannot assert its existence in the mam-
malia universally, but from indirect considera-

tions it appears to him likely that it does exist,

generally at least, in animals of that class. It

is asserted in the work* of Desmoulins and
Majendie on the Anatomy of the Nervous Sys-

tem in vertebrate Animals, tliat " there does

not exist any trace of it in cats, dogs, the rumi-

nantia, the rodentia, the horse, &c. ;" and it is

reasonable to infer that they had found it in

others. Now their statement witli regard to

• Tom. ii. p. 396.
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its absence is, in the majority of the instances

which they liave selected, positively incorrect,

for the author has ascertained its existence

most satisfactorily in the dog, the horse, the

cat, the cow, and the rabbit. Nor is any ex-

ception to its existence mentioned by Cuvier,

and hence he thinks it likely that it does exist

generally, if not universally, throughout the

class. It is not however similarly disposed in

all ; in some it is connected with the primitive

naso-palatine nerve; in others with its nasal;

and in others again with its palatine division

:

in some it gives off few filaments ; in others,

the horse, e. g. they are numerous beyond de-
scription. The ganglion does not appear to

exist in the inferior classes.

From the spheno-palatine ganglion or nerve,

according to the view of their source adopted,
there is given. off a considerable number of
branches, which run in different directions and
have different destinations : they have been
distinguished into four sets, viz. superior, infe-

rior, internal, and posterior. Tlie superior

branches are very delicate and, in some in-

stances at least, numerous. Among them are

described and represented by Arnold two long
slender filaments, which join the optic : ano-
ther is also mentioned by him to be sometimes
found connected with the ophthalmic ganglion.

The discovery of this connection between the

two ganglia is due to Tiedemann, who found,
upon the left side of a man, an anastomosis
between them, established by a filament, of
tolerable size, which, arising from the inner face

of the spheno-palatine, entered the orbit and
passing above the inferior branch of the motor-
oculi nerve, where it gives off the short root,

went in company with the last to gain the in-

ferior and posterior part of the ophth.almic gan-
glion ;* and beside those there may be found,
in favourable subjects, others, which seera

destined to the posterior ethmoidal cells. The
inferior branch is the largest given off by the

ganglion ; it is distributed principally to the

palate, and hence is called " the palatine
;"

but it supplies the nostril also in part, and
hence it has been suggested by J. F. Meckel,
that it might be appropriately called the
" naso-palatine :" this appellation has, however,
been applied by Scarpa to one of the internal

branches, and it has been already explained

that it belongs more properly to the original

branch before its junction with the ganglion.

The palatine nerve descends from the ganglion

into the spheno-maxillary fossa, posterior to

the internal maxillary artery and toward the

pterygo-palatine canals, and after a short course

divides into three branches; an anterior, larger

one, denominated " the great palatine," and
two posterior smaller branches, " the lesser

palatine nerves."

These branches continue to descend in com-
pany until they reach the superior apertures of

the canals; they then enter the canals and are

transmitted downward through them to the

palate and fauces. The great palatine descends
through the anterior pterygo-palatine canal,

' Journal Compl. vol. xxiv. Arnold,

in company with a branch of the palatine

artery, at the same time inclining forward

:

during its descent it gives off, in some in-

stances before, in others after it has entered

the canal, either one or two filaments, which

descend inward, pass through the nasal process

of the palate bone, and enter the nostril at the

back part of the middle meatus, between the

posterior extremities of the middle and in-

ferior turbinate bones : one of them is dis-

tributed to the membrane of the middle bone

and of the middle meatus ; the other to that

of the convex surface of the inferior bone

:

when a single branch arises from the palatine

it divides into two, which follow a similar

distribution ; these branches aie denominated
by the elder Meckel inferior nasal nerves in con-

tradistinction to the superior nasal, to be de-

scribed, given off by the ganglion and by the

Vidian nerve. Another filament is described

by Cloquet arising from the palatine shortly

before it escapes from the canal, entering the

nostril through the perpendicular plate of the

palate bone, running along the margin of the

inferior turbinate bone, and lost upon the

ascending process of the superior maxillary

bone, often also contained in an osseous canal.

The great palatine nerve, then, for the most
part divides into three branches, of which one,

the smallest, descends through an accessory

canal, in the pterygoid process of the palate-

bone, leading from the anterior, and escapes

from it inferiorly into the soft palate in which
it is consumed.
The other two escape from the pterygo-

palatine canal, through the posterior palatine

foramen, into the palate : at emerging from

the foramen they are situate very far back,

in the posterior angle of the hard palate on
either side, and behind the last molar tooth

of the upper jaw; they are immediately super-

ficial to the periosteum, and above the other

structures of the palate ; they are lodged,

along with the branches of the accompanying
artery, in channels upon the inferior surfece

of the palatine processes of the palate and the

superior maxillary bones; they pass forward,

one along the alveolar arch, the other toward

the middle line of the palate, and subdivide,

each, into several branches, which are dis-

tributed to the structures of the hard palate,

the mucous glands and membrane, and to the

gums, and communicate in front with branches

of the naso-palatine ganglion.

In some instances the palatine nerve does

not divide into those ultimate branches until

after it has escaped from the palatine canal

;

but their disposition in such cases is in other

respects the same.
The lesser palatine nerves are posterior to

the greater ; they are transmitted also through

the pterygo-palatine canals, the first through the

posterior, the second through the external.

The first, the larger of the two, and called

middle palatine nerve, escapes from the canal

inferiorly in front of the hamular process of the

sphenoid bone, and divides into filaments,

which are distributed to the soft palate and its

muscles.
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The second, the posterior, little palatine

nerve, descends at first between the external

pterygoid muscle and tlie posterior wall of the

antrum, then enters the canal, and escapes

inferiorly external to the former; it divides

into two filaments, one of which is distributed

to the soil palate, the other to the tonsils and
arches of the palate.

Those branches are accompanied by minute
branches of the palatine artery.

The internal branches vary in number from
three to five; they arise from the inner surface

of the ganglion, run directly inward, posterior

to the nasal branch of the internal maxillary

artery, toward the spheno-)ialaline foramen,

which they immediately reach ; pass through

the foramen, perforating the structure by which
it is closed, and enter the nostril, and thus

attach the ganglion closely to the foramen :

at their entrance into die nostril they are situate

before and beneath the anterior wall of the

sphenoidal sinus, at the back part of the su-

perior meatus, and immediately above the

posterior extremity of the middle turbinate

bone.

They are distinguishable, according to the

majority of descriptions, into two sets; one
destined to the outer wall of the nostril and
denominated by Meckel anterior superior

tiasul, in contradistinction to branches of

the Vidian nerve, which he has designated
" posterior superior nasal," and another con-

nected with the septum. A third destination

has been assigned to them by Arnold, accord-

ing to whom a branch derived either from one
of the nerves of the septum, or originally from
the ganglion itself, is distributed to the supe-
rior part of the pharynx, corresponding to the

pharyngeal branch of Uock.

Tlie anterior superior nasal branches are

either one or two in number; when but one,

it divides into branches corresponding to" the

two ; it is so expressed in Arnold's fifth plate
;

one of the two divides into filaments, which
are distributed to the posterior ethmoidal cells,

to the posterior part of the superior turbinate

bone, and to the superior meatus, to the mem-
brane of those ])arts. The second distributes

its filaments to the convex surface of the mid-
dle turbinate bone; according to Cloquet they
in part perforate the bone, and thus gain its

concave surface : they all run between the

periosteum and the mucous membrane, and
are distributed finally to the latter.

The branches connected widi the septum are

two, a short and a long one ; they both pass
across the anterior wall of the sphenoidal
sinus from without inward, and thus reach
the posterior part of the septum nasi, become
attached to it, and changing their direction

descend forward along it, between the perios-

teum and mucous membrane.
The short, lesser, branch is situate very near

to the posterior margin of the septum, to

which it is parallel in its course, and distri-

butes its filaments to the membrane of the
posterior part of it: one of them is repre-
sented by Arnold as constituting the phar
geal bv.incli.

The long branch descends to the luperior
aperture of the anterior palatine canal, enters
the canal, and in it the nerves of the two sides

are united to a small ganglion denominated
the naso-pulutine ; from it filaments descend
to the anterior part of the palate, in which
they are distributed and communicate with
filaments of the palatine nerves. Each nerve,

during its course along the septum, is situate

nearer to its position mferior than to its supe-
rior anterior margins: it is said not to give

any filaments during its descent, but this is

incorrect, as is well represented by Arnold ;

tliose, which it gives oft', are distributed to the

membrane of the septum about its middle;
at times also it divides into two filaments,

which are afterwards reunited. Each nerve is

received inferiorly in a separate canal, which
inclining in>vard is soon united to the other
in the palatine, and in it the nerve or the
naso-patatine ganglion receives a filament of
communication from the anterior superior den-
tal branch of the second division of the fifth,

as described by Cloquet.

This branch has been particularly described,
fii-st by Scarpa,* and by him denominated
the naso-patuttne ; it has been also described
by J. Hunter,t between whom and Scarpa
appears to lie the merit of having first ob-
served it ; it is also known as " tlie nerve of
the septum," but the latter appellation is ma-
nifestly incorrect ; nor is the former free from
objection, inasmuch as the same title has been
applied, and with reason, in the inferior Mam-
malia, to the original branch given off by the
second division of the fifth for the supply of
the nostril and palate, with which the spheno-
palatine ganglion is connected, and which in

man has received the name of spheno-palatine

branch. The branch of the ganglion in ques-
tion is called by some the nerve of Cotunnius,
but incorrectly ; having been first described by
Scarpa, it cannot with justice be attributed to
the former.

The posterior branch of the ganglion is de-
scribed and represented by the majority of
authorities as arising single and in its course
dividing into two filamenU ; but Bock, J. F.
Meckel, and Hirzel state that tlie two fila-

ments at times are throughout distinct and
connected seiiarately to the ganglion; and
Arnold represents, in like manner, two fila-

ments arising from the ganglion, corresponding
to the two into which the single nerve divides.

The posterior branch arises from the back of
the ganglion, passes direcdy backward from it,

and is received immediately into the pterygoid

or Vidian canal, along with the corresponding

branch of the internal maxillary artery: it

is transmitted through the canal backward
and slightly outward, beneath the course of
tlie .second division of the fifth itself, and
external to, or in many instances beneath the

sphenoidal sinus ; having traversed the canal.

* Annotalioiies Acatlemicx, in which is also con-,

tained a good representation of the nerve as o
single branch.

* Animal (Economy,
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it escapes from its posterior aperture into tlie

foramen lacerum anterius basis cranii : in this

it is contained in tlie fibrous structure by
which the foramen is closed, and is situate

at the outer side of and beneath the internal

carotid artery, as that vessel ascends, from
the aperture of its canal in the petrous bone,

into the cavernous sinus. Here also, or even
before it has escaped from the Vidian canal,

it receives, when single, a filament of com-
munication from the superior cervical ganglion

of the sympathetic : this filament had been
long regarded as arising from the posterior

branch itself, and— though at present gene-

rally* considered a branch from the sympa-
thetic—it has been for the most part described,

in systematic works, as such under the name
of the inferior, deep, symputhic, or carotidean

branch of the Vidian nerve. In its direction

it certainly resembles a branch of that nerve
;

but in that particular it is equally entitled to

be regarded one fi-om the sympathetic to the

spheno-palatine ganglion, it being either from
before backward and from above downward,
or from behind forward and from below up-
ward. Further, in sensible qualities it strictly

resembles other branches of the latter nerve

;

it is, as has been stated, at times separate from
the proper Vidian, and connected directly with
the spheno-palatine ganglion ; and it is, in fact,

but one of the branches which ascend into the

cranium from the superior cervical ganglion

along the internal carotid artery, so that it

would be equally correct to describe that fila-

ment which is connected with the sixth nerve

as a branch of that nerve, as to style the fila-

ment in question a branch of the Vidian nerve.

The view of the nature of this filament here

advanced is, however, notuniversallyadmitted.

Cruveilhier objects to it because the cranial

branch of the Vidian nerve appears to him to

resemble in all respects the carotidean : this,

however, cannot be considered a valid objec-

tion, it can only prove that one branch may be
as much allied to the ganglionic system as the

other, but the validity of the assertion may be
questioned ; however it may be in man, the

characters of the two branches in the larger

quadrupeds, the horse e. g. are sufficiently

distinct, the cranial branch being of a pure

white colour, and the carotidean having a gan-

glionic enlargement upon it at its junction with

the cranial.

While traversing the pterygoid canal, soon

after it has entered that canal, and in some cases

even before, the posterior branch of the gan-

glion gives oflT from its inner side two or three

filaments, denominated by the elder Meckel
posterior superior nasal : these enter the poste-

rior superior part of the nostril, in one case by
passing through the spheno-palatine foramen,

in the other by perforating the inner wall of

the pterygoid canal, and are distributed to the

posterior part of the lateral wall of the nostril,

to the root of the septum, to the sphenoidal

sinus and to the lateral wall of the pharynx

in the vicinity of the orifice of the Eustachian

• Bock, Cloqiiet, Hirzel, J. F. Meckel.

tube. These branches frequently arise from
the ganglion itself by a single filament, de-

nominated by Hock the phuri/ngcal nerve, and
represented by Arnold among the internal

branches of the ganglion : it divides into fila-

ments distributed to the several parts men-
tioned.

After the junction of the sympathetic fila-

ment, the posterior branch is continued through

the fibrous structure already mentioned, ex-

ternal to the internal carotid artery, and
thus enters the cranium. It then passes out-

ward, backward, and upward, upon the ante-

rior surface of the petrous bone, beneath

the third division of the fifth, very near

its attachment to the Gasserian ganglion,

and enclosed in the dura mater : it is at the

same time lodged in a chaimel upon the sur-

face of the bone. It is stated by Cloquet that

it here sends into the cavity of the tympanum
by two canals, the orifices of which are to be
seen in the channel one above the other, two
filaments of extreme delicacy, which go to

anastomose together upon the promontory, and
to communicate with a filament of the supe-

rior cervical ganglion, and with the glosso-

pharyngeal nerve. According to Ilirzel,* this

connection between the superficial branch of

the Vidian and the tympanic branch of the

glosso-pharyngeal nerve on the nerve of Jacob-
son, takes place in the vicinity of the junction

of the former with the facial nerve. Accord-
ing to Arnold,t the superficial branch of the

Vidian nerve is, as proved by the researches of

others and his own, not simple, but composed
of two or of several filaments, and is accom-
panied by one or more very delicate filaments

from the carotid plexus. In one instance he
found the petrous nerve composed of four

filaments on the right, and three on the left.

The existence of several distinct filaments in

the Vidian nerve may be easily observed in the

larger animals. It pursues the course men-
tioned, until it has reached the hiatus Fallopii,

through which it is transmitted to the aqueduct
of Fallopius, where it meets and becomes in-

timately connected with the fecial portio dura
nerve. At their junction tire fecial nerve pre-

sents a gangliform swelling, from which two
very delicate filaments proceed to the auditory

nerve.

J

From the time that the posterior branch of

the ganglion enters the cranium until it has
joined the fecial nerve, it is called the cranial

or superjicial petrous branch of the Vidian
nerve ; by Arnold petrostts stiperficialis major
in contradistinction to another nervous filament,

which connects his ' otic' ganglion to the tym-

Eanic branch of the glosso-pharyngeal nerve

;

ut the application of either of these epithets

would be rendered unnecessary by ceasing to

consider the filament by which the posterior

branch of the ganglion is connected to the

sympathetic, a branch of the former.

The posterior branch is also known by other

* Journ. Compl. t. xxii.

+ Journ. Compl. t. xxiv.

X Arnold. See lingual branch of third division

and chorda tympani.
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names, viz. the recurrent, the pterygoid, the

Vidian, tlie anustomotic, or si/mpulhie.

3. The next branch or branches of the su-

perior maxilhiry nerve are the posterior siipe-

riiir den till. These arise from the nerve in

front of the internal maxillary artery, between
it anil the back of the antrum, and are sejia-

rated from the artery by the spheiio-palatine
;

they are very irregular as to their numl)cr and
precise place of origin ; at times there is hut

one branch, at others there are two or three :

they are distributed to the buccinator muscle
and the mucous membrane of the posterior

lateral part of the mouth, to the roots of the

posterior teeth, the membrane of the maxil-

lary antrum, and the gum of the upper Jaw.
When but one branch is present, its sub-

divisions supply the place of the others. It

descends into the fossa, behind the superior

maxillary bone, and before the internal maxil-
lary artery, and after a certain way divides

into two branches or sets of branches, posterior

and anterior.

Tlie posterior consists of several long slen-

der filaments, which continue to descend im-
mersed in the fat of the zygomatic fossa, until

they reach the surface of the buccinator muscle;
they then in part are distributed to it, but in

gre-.iter number pass between the fibres of the

muscle and are lost in the mucous membrane
of the month.

The anterior branch descends for some time,

until it reaches the back of the maxilla ; it

then enters a canal in the bone, within which
it is transmitted forward through the wall of
tlie antrum ; after a short way it escapes from
the canal and continues its course forward

within the wall, between it and the lining

membrane, describing a curve convex down-
ward ; having reached the front of the antrum
it ascends and terminates by joining either the
anterior superior dental or a branch of that

nerve.

During its course around the antrum the
anterior branch of the nerve gives off down-
ward numerous delicate filaments, which de-
scend toward the teeth, traverse the structure

of the alveolar arch, and in \»n are distributed

to the roots of the posterior superior teeth in

a manner analogous to that of the inferior

dental nerves : in part they escape inferiorly

from the alveolar arch between the sockets of
the teeth, and are consumed in the gums.
The nerve is also stated to give filaments to the
membrane of the maxillary antrum.

4. Shortly before its escape fi-om the infra-

orbital canal, but at a distance somewhat
variable from it, the second division of the
fifth gives off its next regular branch, the
anterior superior denial : this descends, from
the infi-dorbital canal, through one of its own
name in the anterior wall of the antrum to-
ward the canine tooth ; it next runs inward
above the root of that tooth, and then again
descends through the perpendicular process
of the maxillary bone, vmtil it reiiches the floor
of the nostril, and is continued inward through
the horizontal process of the bone above the
roots of the incisor teeth.

VOL. II.

While descending through the wall of the

antrum the anterior superior dental nerve

either is joined by the termination of the anterior

branch of the posterior dental, or it divides into

two, one of which inclines outward and joins

that branch, the other pursues the course of

the nerve. It supplies the anterior teeth of

the upper jaw in the same manner as the pos-

terior nerve does the posterior teeth ; it also

gives at its termination filaments to the mem-
brane of the nostril, and one to the naso-

palatine ganglion or nerve.

Besides the regular dental nerves, otliers at

times arise from the second division of the

fifth within the infiaorbital canal, and take the

place of branches of the regular nerves.

5. Thefacial branchet of the second division

of the fifth are from five to seven in number

;

they differ from each other in size, and branch

off in different directions; they are distin-

guished, according to the direction in which

they run and their destination, into three sets

;

a superior or palpebral, an inferior or labial,

and an internal or nasal.

For the most part there is but one superior

or palpebral branch, though sometimes there

are two. This branch is destined to supply the

lower eyelid, and is denominated the inferior

palpebral nerve ; it presents some variety in its

mode of origin and its course ; most frequently

it does not separate from the trunk till after the

latter has escaped from the infraorbital foramen;

but in some instances it does so within the in-

fraorbital canal, is transmitted through a dis-

tinct canal, and escapes into the face through a

separate foramen, situate internal to the infra-

orbital ; it ascends inward toward the lower

lid, in front of the inferior margin of the orbit

;

in iu ascent it is situate beneath the orbicularis

palpebrarum, to which it gives filaments, which

after supplying the muscle become cutaneous,

and it is frequently contained in a superficial

groove on the superior maxilla ; having reached

the lid it divides into two branches, an external

and an internal. The external runs outward,

through the lid, toward the external angle,

supplies its structures on that side, and anasto-

moses with filaments of the portio dura, and of

the inferior palpebral branches of the lachrymal

nerve. The internal ascends in the course of the

original nerve toward the internal canthus of

the eye, gives a filament to the side of the nose,

which communicates with the naso-lobar branch

of the nasal nerve, supplies the lower lid at its

internal part, is also distributed to the carun-

cula and lachrymal sac, and anastomoses with

a filament of the inferior branch of the infra-

trochlear nerve described in the account of that

nerve. It sometimes anastomoses also with

the portio dura.

When there is a second palpebral branch, it

takes the place of the external branch of the

former, which in such case is denominated the

internal inferior palpebral, and the second the

eifernol.
'

It perforates the levator labii siipe-

rioris muscle ; ascends toward the external

angle of the eye, beneath the orbicularis palpe-

brarum ; and,' like the external braiuh of the

infeiior palpebral, already described, supplies

V
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the structure of the lid, and ajiastomoses with

the portio dura, laclirymal, and malar nerves,

as also with tlie internal palpebral.

The descending or labkd branches are tlie

largest and the most numerous ; for the most
part they ai'e three, at limes four. They de-

scend to the upper lip, one toward its middle,

the second toward its intermediate, and the

third toward its outer part, the commissure of

the lips, and are denominated internal, mid-
dle, and external ; they are situate, all at first,

beneath the levator labii superioris, between it

and the levator anguli oris or canine muscle

;

as they descend, they give filaments to these

muscles and to the parts superficial to them

;

and they pass to their several destinations, the

internal between the levator labii and tlie de-

pressor ala; nasi ; the middle between the same
muscles ; and the external superficial to the

levator anguli, and uncovered by the levator

labii ; as they approach the lip they divide

each into brandies, which are distributed to

the structures of the part at their several situa-

tions ; to the orbicularis oris, and the insertions

of the other muscles of the lip, to the integu-

ment of the lip, internal and external, and also

to the labial glands ; they all communicate to-

gether, and with branches of the portio dura

;

the external more particularly with the latter,

as also with the neighbouring branches of tlie

fifth ; the internal with the inferior nasal ; the

external with the inferior labial and buccal

nerves. In the infraorbital region, the branches

of the superior maxillary are crossed by and
interlaced with those of the portio dura; the

latter running from without inward, and for the

most part superficial to the former ; but also

beneath and among them, and even forming
loops about them ; while the former run from

above downward, and are principally deeply
seated. In consequence of this diversity in

their directions and the numerous anastomoses

which they hold with each other, the branches

of the two nerves form a very intricate mesh in

that region.

In some Camivora filaments of the facial

branches of the fifth nerve have been traced

into the bulbs of the hairs of the whiskers and
the tufts with which they are furnished ; this

is remarkably so in the seal, as described by
Andral : they are strongly expressed by Rapp.*
The internal or nasal branches are, for the most

part, two ; they are termed superficial nasal by
the elder Meckel, and distinguished into supe-

rior and inferior; they pass, both, inward toward

the nose, beneath the levator labii superioris,

the inferior at the same time descending, and
having reached the side of the nostril they sub-

divide.

The superior is the smaller of the two, and
arises frequently ffom a branch common to it

and the internal inferior palpebral ; it divides

into three, of which the first, the uppermost, is

distributed to the origin of the levator labii

ateque nasi, to the compressor naris, and to the

integuments on the dorsum of the nose ; the

* Die Verrichtiingen des fiinften Hirnncrven-
paars.

second, the middle, to the compressor naris

and also to the integuments of the nostril, and
the third, the inferior, to the compressor naris,

to the depressor atae nasi, and to the integu-

ments of the ala.

The inferior superficial nasal, the larger of

the two, first gives occasionally a branch, which
ascends to the eyelid ; then communicates with

the superior, and having reached the ala of the

nose, it gives oflF numerous ramifications which
are distributed to the levator and depressor ala;,

to the integuments of the inferior part of the

ala, of the tip, and of the septum, and also to

the upper lip ; it communicates with the rami-

fications of the naso-lobar branch of the nasal

nerve, of the internal labial, and of tlie portio

dura.

I'he third division of thejifth.—This trunk

has been denominated by Winslow, on account

of its general distribution, the inferior maxillary

nerve, and it is generally known by that appel-

lation
; yet it appears to the writer that it

would have been much better had that title

been applied only to that portion of the nerve

which enters the lower jaw. Such is the

opinion of the elder Meckel, who observes that

this use of the epithet leads to the inconveni-

ence that the branch alluded to and die trunk

of the nerve may be easily confounded. It is

much the largest of the three divisions, and
differs remarkably from the other two in its

composition ; they are both single, and derived

altogether from the Gasserian ganglion; it on
the contrary is composed and made up of two
portions, one derived from the ganglion, the

other not connected with it ; the former is the

largest of the three trunks connected with the

ganglion ; it is attached to its posterior external

extremity ; at its attachment it is cineritious

and very wide, but as it proceeds it loses that

tint, and acquires a compressed cylindrical

form. It is situate external, posterior, and in-

ferior to the others, and its course within the

cranium is very short or none, for from the

ganglion it enters at once the inferior maxillary

or foramen ovale of the sphenoid bone, and
escapes from the cavity, passing downward, for-

ward, and outward, nearly at right angles with

the second division of the fifth. Before leaving

the cranium it is joined, as the first and second

divisions are, by a filament from the sympa-
thetic, according to Munniks, Laumonier, and
Bock.*

The second portion, of which the third

division is composed, is the lesser packet of

the fifth itself; this, it has been already stated,

does not join the ganglion, but passing out-

ward, beneath that body, is united to the former

portion posteriorly, in the foramen ovale ; it

forms, however, but a small proportion of the

nerve, that part which is attached to the gan-

glion exceeding it very much in size. At its

junction, it is placed posterior to the other,

but it immediately spreads out, and increa.ses

very much in width, and at the same time is

lapped round the inner side of the ganglionic

portion so as to get before it, and to form the

' Op. cit. and Journ. Compl.
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anterior part of Uie iiervo by the time it lias

escaped from the cranium.
liie third division of the fifth nerve, after its

escape from the cranium, is situate in the

superior, posterior, and internal part of the

zygomatic fossa ; it is placed immediately be-

hind the external pterygoid muscle, before and
somewhat internal to the styloid process of the

sphenoid bone, internal to and on a line with

the anterior margin of the temporo-maxillary
articulation, and external to the Eustachian

tube. So soon as the inferior maxillary nerve

has entered the fossa, it gives off, immediately
beneath the superior wall of that fossa, a set

of branches remarkable for their source and
destination ; they proceed from the front of the

nerve ; their regular number is five, but they

present variety in this respect, being in some
instances not so many at their origin, in others

amounting to six ; they vary also in the mode
in which they arise ; for the most part they

are given off separately and branch off, as

rays, from the nerve, but at times the nerve

divides into two branches, a smaller anterior

one, and a larger posterior ; in such case the

anterior divides immediately into the branches,

which otherwise arise from the nerve itself.

These branches are the masseteric, the deep

temporals, the buccul,a.nA the pteri/goid nerves,

and they are ranged in succession from behind
forward, and from without inward ; the first is

external and posterior ; to it succeed the tempo-
rals, then the buccal, and lastly the pterygoid.

t . The masseteric branch proceeds firom the

anterior and outer part of the nerve ; it passes out-

ward, nearly transversely, beneath the superior

wall of the temporal fossa, and in front of the

articular surface of the temporal bone; it crosses

obliquely over the external pterygoid muscle,

at its outer extremity, between the muscle and
the wall of the fossa, and then inclines down-
ward through the sigmoid notch of the lower
jaw, in front of its neck, and of the insertion of
the external pterygoid muscle, and posterior to

the coronoid process and the tendon of the

temporal muscle. Having traversed the notch
it descends forward, external to the ramus of
the jaw, and passing between the two portions

of the masseter, divides into numerous ramifica-

tions, which are distributed altogether to that

muscle : while between the portions of the

masseter, it inclines from its posterior toward
its anterior margin, and its terminating filament

can be traced to the latter at the inferior part

of the muscle, lliis branch gives off, during
its course, some minor branches ; while in front

of the articulation of the jaw it gives one or

more filaments to the articulation ; in the next
place it gives a small branch to the posterior

part of the temiwral muscle, and lastly it fre-

quently gives otl the external or posterior deep
temporal nerve.

2. The deep temporal branches are two; they
are distinguished into posterior and anterior or

external and internal. The anterior is the
larger. They present varieties in their num-
ber and mode of origin ; at times there is but
one, at others there are three ; in some instances

they arise by a common origin ; in others, and
for the most part, separately, and in other*

again the posterior or lesser branch is given off

either by the masseteric or the buccal nerve.

They both pass outward, in front of the tem-

poro-maxillary articulation, between the exter-

nal pterygoid muscle and the superior wall of

the zygomatic fossa; they then change their

direction and ascend in the temjxjral fossa, be-

tween the muscle and the surface of the fossa,

and divide into branches, which attach them-

selves to the temporal muscle, on its deep sur-

face, and are distributed, those of the posterior

to its posterior, and those of the anterior to its

middle and anterior parts. The two branches

frequently anastomose with each other as they

leave the zygomatic fossa. The anterior also

frequently communicates witli or receives a

branch from the buccal nerve, and by one of

its anterior filaments it anastomoses with the

nerve resulting from the junction of the tempo-

ral branches of the lachrymal nerve and the

temporo-malar branch of the second division of

the fifth. This communication between the

three divisions of the fifth is however, accord-

ing to the elder Meckel, subject to variety; he

states that he has seen the communicating

branch of the anterior deep temporal at times

enter the orbit either through the malar bone,

or through tlie spheno-maxillary fissure, and

there unite with the conjoined branch of the

other two.

3. The buccal nerve is the largest and the

principal of these branches ; it arises from the

front of the inferior maxillary nerve, next in or-

der after the anterior deep temporal, for the most
part a distinct and single branch ; but it is not

unusual to find the buccal nerve give off one or

both of the deep temporals, or in rare cases all

the three former branches : in some instances

also it arises double, the two filaments, of

which it is then composed, being separated by
a portion of the external pterygoid muscle. It

nins downward and forward, passing at first

either and for the most part through the exter-

nal or between the two pterygoid muscles, be-

neath the external and external to the internal

;

having traversed the pterygoid it descends in

front of its inferior part, internal to the coronoid

process of the lower jaw, and the inferior part

of the temporal muscle, next between the ten-

don of the temporal and the buccinator, then

between the anterior margin of the masseter

and the latter muscle, and finally emerging

from between tliem it inclines toward the angle

of the mouth, superficial to the buccinator and

beneath the dense expansion by which that

muscle is coveircd. During its descent it is

immersed in the fat which occupies the lower

part of the zygomatic fossa. The ramifications

which it gives off are numerous; fir.<t while

traversing and immediately after escaping

from the pterygoid it gives branches to the

muscle ; at the same time it gives off a

fasciculus of branches which pass outward, in

front of the external pterygoid to the internal

surface of the temporal muscle, at its inferior

part ; some of these descend with the muscle
V 2
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toward ils insertion, and are distributed to it at

tliat ])oint, others ascend in the temporal fossa,

between the muscle and the hone, penetrate the

muscle, and are distributed, along with the

branches of the anterior deep temporal, with
which they anastomose freely, to the muscle at

its inferior anterior part. In the next place,

while between the masseter and the buccinator,

the nerve gives oft' backward several branches,

three or four, which are distributed to the buc-
cinator at its origin, to the buccal glands, and
to the membrane of the mouth ; as it lies upon
the last-named muscle, between the ramus of

the jaw and the angle of the mouth, it gives

filaments to it at its middle and anterior part,

which, like the former, both supply the muscle,
pass through its fibres, and are distributed also

to the buccal glands and membrane. Finally,

as the nerve approaches the angle of the mouth,
it divides into two, occasionally three, branches;

these two branches pursue the direction of the

nerve toward the angle, passing beneath the

facial vein and inclining, one upward, the other

downward; after a short course they are united
both to branches of the portio dura, the inferior

to a branch of the inferior or cervico-facial divi-

sion, the superior to one of the superior or tein-

poro-facial division of that nerve. By their

union they form conjoined branches or loops,

from each of which are given oft' several fila-

ments to the muscles of the mouth at their in-

sertion into the angle ; from the superior, more
particularly, to the buccinator, the zygomatic,

and levator aneuli; and from the inferior to the

buccinator and depressor anguli oris.

4. The fifth and last of these branches is the

pterygoid; it is the smallest of them, and
arises from the anterior internal part of the

trunk ; it passes inward and downward, be-

hind the external pterygoid, and then between
the internal pterygoid and circumttexus palati

muscles; it gives a filament of some size to

the latter muscle, and then entering into the

internal pterygoid at its upper extremity, it is

consumed altogether in that muscle.

The external pterygoid also, at times, but
not uniformly, receives a distinct filament from

the trunk; when present it arises from the

front of the nerve, beneath the buccal branch,

and passes forward directly to the muscle, in

which it is consumed. The constitution of

these branches is peculiar, and is a matter

of much interest: involving physiological ques-

tions, this subject is deferred to another oc-

casion.

In consequence of its connection with the

third division of die fifth, and more particularly

with the lesser packet of the nerve, this seems
a fit place to advert to the ganglion discovered

by Arnold, and by him denominated Otic

or auriculur, of which the following sketch

has been taken from his own account. It

is situate at the inner side of the third branch

of the fifth, some lines beneath the foramen

ovale, at the part where the deep temporal,

the massetene, and the buccal nerves are de-

tached from the same side, and a little above

the origin of the superficial temporal nerve;

its posterior part touches the middle mening«il

artery, and the internal the internal pterygoid

muscle : an abundant adipose tissue surrounds

it : its form is not altogether regular, however

it approaches to an oval, flattened internally

and externally. It is united to the trunk

of the third division not merely by cellular

tissue, but by many filaments, which enter

into the formation of the ganglion ; these

filaments, which come solely from the lesser

portion of the nerve, are mostly extremely

short, and can only be observed when we
try to separate the ganglion from the trunk

;

but in cases where the ganglion is situate

rather distant from the nerve, the filaments

are of course longer and can be more easily

observed. With regard to the branches of

the third division, the pterygoid nerve espe-

cially is in very intimate connection with the

otic ganglion, so that in a superficial examina-

tion it appears as if it arose from it; but,

in a more accurate investigation, it is clear

that this nerve soon after its origin penetrates

through a part of the substance of the ganglion

and takes up some of it : the slender branch,

which ramifies in the tensor palati, is likewise

in very intimate relation with this ganglion,

and distinguishes itself from the oUier branches

by ils reddish appearance. The ganglion thus

communicates with the lesser packet of the

fifth : it also communicates with the glosso-

pharyngeal and with the facial and auditory

nerves by means of the nervus tympanicus.

But, the ganglion being a body which is to

be regarded as distinct from the fifth nerve,

and not part of it, a further pursuit of its

connections and properties would be here out

of place. See Svmpathetic Nerve.
The third division of the fifth descends from

the foramen ovale, outward into the zygomatic

fossa, posterior to the external pterygoid muscle,

before the superior part of the levator palati,

and internal and parallel to the middle me-
ningeal artery. After a course of half an inch

from the foramen, it divides for the most part

into two large branches, an anterior internal

one destined to the tongue, denominated the

lingual lirunch, and an external posterior one,

which is transmitted through the inferior max-
illary canal, and, escaping from this, through

the mental foramen, is distributed finally to

the muscles and integuments of the chin; this

second branch is called inferior dental, or

inferior tnaxiltari/ nerve ; the latter, as has

been already intimated, appears much the

more appropriate ajijiellation.

The first branch bears, very generally, the

name of gustaton/ nerve from its presumed

connection with the sense of taste; but, since

the opinion that it is the nerve in which the

sense of taste resides has been brought into

question, and since, as will appear by-and-

bye, it is at least certainly not the sole nerve

of that sense, it is obvious that tliat name
should be discontinued.

The manner in which the third division

finally divides is not always such as has been

described : in some instances it separates fairly
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into three branches, viz. the lingual, the inferior

maxillary, and the supei'ticial temporal, and
such is the mode of division mentioned by
the elder Meckel. The writer has before liira

an instance of another mode ; the inferior

maxillary arises by two roots, and the original

trunk divides into two parts; one common to

the lingual, and one root of the maxillary;

the other to the superficial tem)ioral and the

other root: the sujjerticial temporal is thus,

in this instance, equally an original branch
as the others, and is connected to the maxillary

by a filament, which it gives off soon after

its origin, while the maxillary is also connected
in the usual mode to the lingual : the maxillary

artery, however, passes through the loop fonned
by the two roots of the former nerve.

The length of the tliird division from the

ganglion to its bifurcation is about three fourths

of an inch, one fourth contained within the

bone during its escape from the cranium, and
the other two between the aperture externally

and the division. When it divides into two,

the branches are, at times, of tlie same size,

but for the most part the inferior maxillary
is the larger; they descend at first in close

apposition with each other, but as they proceed
they gradually sejiarate, the lingual branch
inclining inward and forward, tlie inferior

maxillary outward, in the course of the original

nerve, in order to gain the aperture of the

dental canal ; they thus leave between them
an angular interval, acute above, through
which the internal maxillary artery for tlie most
part passes. In their descent tJiey cross, at

right angles, the artery internal to the origin

of the middle meningeal branch : in doing so

either they pass both behind the vessel, or the

lingual bnuich passes before, and the inferior

maxillary behind it. Tlie two nerves are most
frequently connected, soon after their origin,

by a short and delicate branch, which passes
from the inferior maxillary to the lingual, and
forms, with the nerves, a triangle, through
which the artery passes in those instances in

wliich the lingual descends before it.

The nerves are situate internal to the neck
and ramus of tlic jaw, between the pterygoid
muscles, posterior and inferior to the external,

external and anterior to the internal ; and they
are contained in a triangular space included
between the two muscles and tlie jaw, bounded
sujieriorly by the external, beneath and in-

ternally by the internal pterygoid, and externally

by the jaw ; through this space they pass from
above downward, the lingual from behind
forward, and from without inward, the maxil-
lary from within outward, toward the aperture
of the dental canal, and holding the mutual
relation already indicated,—the lingual anterior
and internal, tlie maxillary posterior and ex-
ternal.

Before pursuing these branches of the third
division further, it will be well to describe
tlie superficiul (emporut nerve. This branch
has been viewed differently by different autho-
rities; by some it is accounted one of the
former set, the superior anterior branches of
the tliird division ; by Meckel it is described

as one of three, into which the continuation

of the nerve divides. It arises for the most
jiart by two, and in some instances by three,

roots ; a larger one from the inferior dental

nerve, and a smaller from the trunk of tlie

third division itself, given off at tlie same
time with its superior branches, and deri-

ved from the same source; the two roots

forming together a loop, through which the

middle meningeal artery ascends: in conse-

quence of this mode of origin it appears better

to describe it thus separately, and not to refer

it to either of the sets described. It has,

however, been already explained that in some
cases it appears to be an original branch of

the third division, one of three into which it

finally divides.

Tlie nerve runs outward, backward, and
somewhat upward, behind the external ptery-

goid muscle, toward the back of the neck of

the lower jaw ; it then passes behind it and
the condyle, between them and tlie auditory

canal, traversing the posterior part of the

glenoidal cavity of the temporal bone, and
imbedded in the process of the parotid gland,

which occupies it.

The superficial temporal nerve, while within

the ramus of the jaw, pursues a course nearly

the reverse of that of the trunk of die intemiii

maxillary artery in the first part of its course.

At first it is situate before the tensor palali

muscle, between it and the external pterygoid ;

tlien it passes between the internal lateral

ligament of the maxillary articulation and the

neck of the jaw, situate at the same time

above and in contact with the artery ; and
lastly, it is situate behind the condyle of the

jaw, between it and the meatus auditonus,

and involved in the parotid.

The nerve gives off numerous branches;

when it has reached the situation last described,

it breaks up at once into a leash of branches,

which |)ass off in different directions : of these

two, at times only one, are destined for the

interior of the meatus auditorius ; they ascend

toward the canal, become attached to its ex-

terior, and ))ass through the fibrous structure of
the tube, close to its connection with the osseous

portion : having thu.s gained its interior, they

are distributed to its lining membrane, its

sebaceous follicles, and the membrane of the

tympanum. Before entering the tube they give

some delicate filaments to its exterior; these

branches may be called the intermit aurkutar.

Others, the smallest which the nerve gives

off, descend along the external carotid artery,

are in part distributed to the parotid gland,

and establish upon the artery a manifest com-
munication with branches of the sympatlietic.

Its next branches, two in number, pass out-

ward through the substance of Uie parotid,

behind the neck of the jaw ; one external or

superficial, the other internal to the temporal

artery; and turning forward round the posterior

margin of the jaw, either tliey both, having

given some fine ramifications to the gland,

join the temporo-facial branch of the portio

dura, immediately before its division, or on«

of them joins Uie facial branch of the teia-
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poro-facial, while the other continues forward,

upon the face, below the zygoma, and deeper
than the branches of the temporo-facial : it

divides into numerous long filaments, of which
some join both branches of the temporo-facial

;

others are distributed superficially upon the

side of the face beneath the zygoma and upon
the malar region, and, ascending over the

former part, to the inferior anterior part of

the temple, as far forward as the margin of

the orbit. These may be called the commu-
nicathig branches, in consequence of tlie re-

markable and important communication which
they establish witli the portio dura.

The next may be called external auricular ;

they ascend to the anterior part of the car-

tilaginous tube of the ear, concealed by the

temporal artery, attach themselves to the tube

in front, and are distributed to the integuments

of the concha.

Lastly, the superficial temporal nerve

emerges from the parotid gland, beneath the

root of the zygoma, between the condyle of

the jaw and the cartilaginous tube of the ear,

in company with the temporal artery, and
concealed by it : it then changes its course

and ascends wuh the artery behind the zygoma
and in front of the ear, upon the temple: there

it emerges from beneath the artery, posterior

to it, and divides into branches, which become
subcutaneous, run superficial to the fascia and

the artery beneath the subcutaneous cellular

structure, and are ultimately distributed to the

integument of the temple : their number is

two or three ; they may be distinguished into

anterior, middle, and posterior, and they are

destined to the corresponding parts of the

temple : they correspond in their course, but

by no means regularly or strictly so, to the

branches of the temporal artery, from which

they are separated by the fascia.

Of the two terminal branches of the third

division, the larger one, the inferior maxil-

luri/ or dental, descends outward to the upper
orifice of the inferior maxillary canal. In

its course it passes always behind the inter-

nal maxillary artery, and soon glides between

the internal lateral ligament of the temporo-

maxillary articulation, and the ramus of the

jaw, descending in front of the anterior margin

of the ligament, which thus becomes interposed

between it and the lingual branch, and also be-

tween it and the internal pterygoid muscle, from

thepressureof which the ligament is considered

to protect it. In that situation it is joined by the

inferior dental artery, a branch of the internal

maxillary given off between the ligament and

thejaw, which accompanies it through its further

course. It next enters the canal, and is trans-

mitted through it downward, forward, and

inward toward the chin, beneath the sockets of

the teeth; having reached the termination of

the canal, it is reflected upward and outward

through the mental foramen, and escapes from

the canal upon the lateral and superficial surface

of the jaw, at either side of the chin; at its

exit it is beneath the second bicuspid tooth of

the lower jaw, and covered by the muscles of

the lip : it then terminates by dividing into two

branches, called inferior labial nerves, external

and internal. The branches of the inferior

maxillary are as follow:—-presently after its

origin it gives off the branch by which the

lingual branch and the inferior maxillary are

connected, and which completes the loop

through which the internal maxillary artery

passes ; also the branch which forms a root of
the superficial temporal nerve. Next, imme-
diately before entering the dental canal, it gives

off a long slender branch, denominated mylo-
lii/oid nerve; this branch descends forward and
inward along the inside of the ramus of the

jaw, between it and the internal pterygoid

muscle, and lodged in a groove upon the sur-

face of the bone, which leads in the same
direction, and is occasionally in part a bony
canal ; it is covered in the groove by a prolon-

gation of tlie internal lateral ligament, and
escapes from it inferiorly in front of the insertion

of the internal pterygoid muscle and beneath
the lingual branch ; it then passes beneath or

external to the mylohyoid muscle, between the

submaxillary gland and the internal surface of

the jaw, gains the surface of tlie muscle itself

and runs forward and inward above the super-
ficial portion of the gland, between it and the

muscle, and accompanied by the submental
artery; finally, it divides into a leash of branches.

Of these one is sometimes destined to the sub-
maxillai-y gland ; two or three are distributed

to the mylohyoid muscle ; another to the anterior

belly of the digastric, and the last passes first

between the anterior belly of the digastric and
the mylohyoid, gives filaments to the muscles
in its passage, then ascends upon the chin

internal to the belly of the digastric, and is

consumed in the depressor labii muscle.

Tlie next branches of the nerve are those

which are given oft" by it while within the

inferior maxillary canal : they have two desti-

nations, viz. the roots and periosteum of the

teeth and the gum of the lower jaw. During
its course through the canal the nerve gives off

several long, slender branches, which run for

some distance within the canal, ascend thence

througn the bone beneath and on either side of
the roots of the teeth, ramify as they proceed,

and distribute their ramifications to the desti-

nations which have been mentioned. The
author has never found these branches as they

are for the most part represented, viz. short

single filaments ascending almost directly into

the several fangs of the teeth : they are deci-

dedly less remarkable and less numerous in the

old subject after the fall of the teeth than in

the young. Again, at the mental foramen, and
immediately before its escape from the canal,

the nerve gives off a more considerable branch,

denominated by Cruveilhier dentaire incisif,

which is continued through the jaw toward the

symphysis beneath the canine and incisor

teeth, and distributed to them. The former
set supplies the posterior molar teeth. Accord-
ing to the general opinion the nerves of the

teeth enter the fangs through the apertures

in their extremities, and are transmitted through

them into the bodies of the teeth, to be con-

sumed in the pulp and the structure of the
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teeth tliemielTes. J. Hunter, however, has

stated in liis work on the teetli, that he has

never succeeded in tracing nerves into the fangs,

and the ex(>ericnce of the writer, so far as it

extends, tends to confirm the doubt thus ex-

pressed ; he has frequently traced the filaments

to tlie structure at the root of tlie fang, but

never into the fang, and in tlie jaw of the foetal

calf tney may be found distributed in number
upon the membrane of the pulp, but he has

not been able to follow them into the pulp

itself.

The filaments sent into the gums from the

dental nerves, superior as well as inferior,

traverse the alveolar arch, escape from the bone
upon its gingival as|)ect, and at once enter the

gum : they are well represented by Arnold.

Tlie final branches of the inferior maxillary

nerve are the inferior labial, internal and exter-

nal. Of these the internal is the larger; it

ascends toward the mouth, inclining inward,

and breaks up into a great number of ramifica-

tions, which are distributed to the depressor

labii inferioris, the depressor anguli oris, the

orbicularis, and the levator menti, also to the

integument and internal membrane of the lip,

and to tlie labial glands ; they anastomose with

branches of the inferior division of the portio

dura. Tlie external inclines toward the angle

of the mouth ; it also gives off a great number
of ramifications, distributed to the depressor

anguli, the orbicularis, and the insertion of the

muscles at the angle, the integument, and
internal membrane of the lip, and tlie labial

glands ; it also anastomoses with branches of
the portio dura.

'llie lingual branch of the third division.—
The situation and relative size and position of
the lingual and inferior maxillary branches in

the first part of their course, have been already

described. Having crossed the internal maxil-

lary artery, the lingual branch pursues its course

downward, forward, and inward, ])assing first

between the pterygoid muscles in the manner
described, and then between the internal ptery-

goid and the ramus of the jaw, until it has

reached the anterior margin of that muscle;
during this part of its course it is at first

separated from the inferior maxillary ncr\'e by
the internal lateral ligament, which is placed
between them, the lingual branch internal, the

maxillary external to it, and afterward it is

situate anterior and superior to the mylohyoid
branch of the maxillary. Having reached the
margin of the pterygoid it emerges from between
the muscle and the jaw, immediately behind
the posterior extremity of the mylohyoid ridge,

and enters into the dig;istric or submaxillary
space, in which it is among the parts most
deeply situate; within this space it continues to

run forward and inward, until, at the anterior

extremity, it attaches itself to the under surface

of the tongue, and is prolonged by one of its

branches to the extremity of that organ. During
its course through the digastric space, it is at

first left uncovered by the muscles inferiorly,

and in the interval between the margin of the

pterygoid and that of the mylohyoid, where it

IS situate betweei; the mucous membrane of

the mouth and the posterior extremity of the

submaxillary gland ; it then [tasses internal to

the mylohyoid muscle, between it and the

stylo-glossus, hyo-glossus, and genio-glossus,

and is at the same time contained in a triangu-

lar or wedge-shaped space, the base of which

is above and the apex below; this space is

bounded above by the mucous membrane of

the mouth, externally by the mylohyoid muscle,

and internally by the hyo-glossus, slylo-glossus,

and genio-glossus muscles. In it are contained

the sublingual gland, the deep process of the

submaxillary and the duct of that gland with

the lingual branch of the fifth and the ninth

nerves; in the anterior part and superiorly,

immediately beneath the mucous membrane,
is situate the sublingual gland ; at the posterior

and rather inferiorly the deep process of the

submaxillary; while the nerves and t'le duct

are placed at the posterior or external part of

the lingual branch of the fifth above, imme-
diately beneath the mucous membrane; the

ninth below, along, and above the comu of

the OS hyoides, and the duct between the

nerves; but as the three parts pass forward,

the duct and lingual branch cross each other,

the nerve descending, the duct ascending be-

tween the nerve and the hyo-glossus, and in

consequence of this circumstance, at the ante-

rior part of the space, the duct is superior, the

lingual branch is intermediate, and the ninth

nerve is below. At first the lingual branch is

above the deep process of the submaxillary

gland, then it is situate internal and superior to

it, external and inferior to the duct ; as it pro-

ceeds, it is beneath the sublingual gland, and,

lastly, it ascends internal to that gland, between

it and the genio-glossus, in order to reach the

tongue.

At the posterior part of the space, the nerve

is immediately beneath the mucous membrane;
as it proceeds it descends from, but toward

the anterior [lart again ascends, and is in con-

tact with the membrane as it becomes attached

to the tongue.

Having reached the anterior margin of the

hyo-glossus the nerve breaks up into three

branches, posterior, middle, and anterior. Of
these the posterior is the shortest, and ascends

almost directly ; the middle runs upward and

forward, and the anterior, which is much
longer than, and at the same time inferior to

the others, almost directly forward, along the

under surface of the tongue, between the genio-

glossus and the stylo-glossus; the former

muscle internal, the latter external to it. In

its course beneath the tongue it is accompanied

by the ranine artery, which joins it at the

anterior margin of the hyo-glossus, and is

situate inferior to it, immediately above the

mucous membrane.
The lingual nerve does not give off many

branches in the first part of iu course : soon

after its origin it receives the branch of com-

munication, by which the inferior dental nerve

is connected to it. About the same point or

presently afler it is also joinetl by the chorda

tympani". The uncertainty which has prevailed

with regard to the source of this nei-ve renders
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a more piu-ticular account of it necessary than
would olheiwise be required. The chorda tym-
paiii—a delicate tilameiit—is given oH'lVom the

jjortio dura .shortly before that nerve escapes
i'roin the aqueduct of Fallopius, behind and be-
low the tympanum : it passes upward and for-

ward towaril the tympanum, contained in a spe-

cial canal of the bone, and havu'.g reached the

back of the chamber it emerges from its posterior

wall through a small aperture beneath the base

of the pyramid ; it then attaches itself to the

outer wall of the tympanum and crosses it

toward the anterior, having first received* a
delicate filament from the sympathetic, and
running forward, upward, and outward. During
its course from the posterior to the anterior

wall it is situate at first beneath the short crus

of the incus, then between the long crus of
the incus and the superior part of the handle
of tlie malleus, to which it is connected by the

lining membrane of the tympanum. Having
ascended above the internal muscle of the

malleus it changes its direction and runs down-
ward, forward, and inward along the superior

anterior part of the circumference of the mem-
brana tympani, until it has reached the anterior

wall of the chamber, from which it goes out
through the Glaserian fissure, along the tendon
of the anterior muscle of the malleus. It is

throughout excluded from the interior of the

tympanum by the lining membrane, which is

connected to it upon that side ; it is therefore

incorrect to say that it crosses the chamber.
After its escape from the tympanum the nerve

continues to descend forward and inward in

front of the levator palati muscle, and after a
course from three-fourths of an inch to an inch

long it is attached at a veiy acute angle to the

back of the lingual branch, becomes inclosed

in the same sheath with the nerve, and con-

tinues connected with it altogether until the

nerve has reached the posterior extremity of

the submaxillary gland : at that point the

chorda tympani divides into two parts, one of

which is despatched to the submaxillary gan-
glion, and the other continued along with the

lingual branch. By soraef it is stated that it

separates from the nerve at the ganglion, and
is altogether ununited to it; this, however, is

incorrect. During its descent in company with

the lingual branch there may be observed,

upon particular examination of the conjoined

trunk, a communication and identification be-

tween the nervous matter of the two nerves.

Originally the chorda tympani was regarded

as either a recurrent filament of the lingual

branch of the fifth or a branch of the portio

dura : afteraards the opinion was adopted that

it was not a branch of the portio dura, but the

cranial superficial petrous branch of the Vidian

nerve, which, instead of uniting and being iden-

tified with the portio dura, descended through

the aqueduct merely in apposition with it or

within the same sheath, separated from it again

before the nerve escaped from the aqueduct,

and constituted the chorda tympani. This view

• Bock, Meckel junior, Cloquct.

t Cloquet.

of the nature of the chord, suggested first, as it

would appear, by J. Hunter, has been advo-

cated also by Cloquet and Ilirzel, and is at

present entertained by many in this country at

least; it has been objected to by Arnold, and
another has been advanced by hnn from obser-

vations made u])on the calf and the human
subject. Hunter's account of the connection

of the nerves is as follows ;
" This nerve com-

posed of portio dura and the branch of the fifth

pair sends off, in the adult, the chorda tympani
before its exit from the skull, and in the foetus,

immediately after. The termination of the

branch called chorda ti/mpuni I shall not de-

scribe, yet I am almost certain it is not a
branch of the seventh pair of nerves, but the

last-described branch from the fifth pair," i. e.

the Vidian, " for I think I have been able to

separate this branch from the portio dura, and
have found it lead to the chorda tympani

;
per-

haps is continued into it; but this is a pomt
very difficult to determine, as the portio dura
is a compact nerve, and not so fasciculated as

some otliers are."* According to Arnold, nei-

ther of the previous opinions is correct ; but

the petrous nerve anastomoses with filaments

of the facial nerve, principally the external,

with which it forms a gangliform swelhng at

the ])lace at which the nerve receives it ; and
the branch wliicli forms the corda tympani
arises from the gangliform swelling of the facial

nerve, and holds in an intimate manner to the

petrous nerve ; however it is not to be consi-

dered a continuation of the latter : it is united,

during its course, to the facial nerve by several

filaments, and consequently the chorda tympani

ought to be regarded neither as a branch of the

facial nerve nor as a continuation of the petrous

nerve, but as one composed of both.+ Cru-
veilhicrj maintains that the chorda tympani is

not a prolongation of the Vidian nerve, but he
assigns no reason for his opinion. The ques-

tion at issue probably cannot be decided from

the human subject; the impediment opposed

to its satisfactory determination by the density

of the facial nerve, as admitted by Hunter, and
by the manner in which the facial and the

Vidian nerves are in it blended together at their

junction, will hardly permit the point being

accurately ascertained ; but the same diffi-

culty does not exist in other animals, and
if the disposition of the Vidian nerve at its

junction with the facial be examined, in the

horse e. g., no doubt will remain that, 1 . the

Vidian nerve certainly does not run simply in

apposition with the facial nerve, and, 2. the

chorda tympani is certainly not a mere conti-

nuation of the X'idian nerve. In the horse the

facial nerve is much less dense, and more easily

analyzed than in man, and at the point of junc-

tion with the X'idian its filaments are so free

and so loosely connected, that little more is re-

quired than to open the ])acket without violence

in order to display satisfactorily the disposition

of the Vidian at its junction wilJi the facial : the

• Animal Q^conomy, p. 267.

+ Jotirn. Coinpl. t. xxiv. p. 339, 341.

{ Anatomic Descriptive.
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Vidian passes into the interior of the packet,

crossing its fasciculi nearly at right angles, but

rather in a retiex direction, and then spreads out

and breaks up into a number of very delicate fila-

ments with which cnieritious matter is inter-

mixed, and thus a ganglionic structure is pro-

duced, wliich is in some instances more mani-
fest than in others, and is at the same time
connected with fasciculi of the facial nerve.

The tilanients into which the \'idian separates

can be followed in both directions, some re-

trograde, and some along with the facial

:

the former appear to pass partly to the auditory

nerve, as stated by Arnold, and partly to the

facial between the point at which the Vidian

joins it and the brain : they can be rent from

the one into the other, and indeed look more
like filaments from the facial to the Vidian than

from the latter to the former. The latter fila-

ments of the Vidian are dis])ersed among the

fasciculi of the facial, with which they become
united, and can be followed by means of a

careful dissection for some distance : their

number the writer is not prepared to state : the

fasciculus of tlie facial from which the chorda
tympani more particularly arises, appears deci-

dedly to receive one or it may be more. Fur-
ther, the chorda tymjjani does not arise by a
single root, but is formed by two or three de-
rived from different parts of the facial. The
opinion that the chorda tympani is a continu-

ation of the Vidian nerve appears, therefore, to

the writer altogether unfounded, and while he
admits that the conclusion of Arnold may proba-

bly be well-founded, with regard to its compound
nature, he yet must dissent ftom the opinion that

the branch which forms it arises immediately
from the gnngliform swelling of tlie facial* the

fasciculus, from which its principal root pro-

cefKls, existing distinctly upon both sides of,

and consequently not arising from the swelling,

however it may receive an accession from, or be
aficcted by its connection with this part. The
author cannot refrain from regarding the chord
as a branch of the facial nerve in the same sense

wiUi any other branch arising within the limits

of the influence of the Vidian nerve. Magendie
maintains that the chord is a continuation of
the Vidian, because the section of the fifth nerve
itself deprives the ear of all sensibility, but
whatever part the chord may play in the sensi-

bility of the ear, and it is doubtful that it plays
any, the result of the experiment will be easily

explained by the doctrine of Eschricht, that

the facial nerve owes its sensibility to the fifth

nerve, the division of which must in such case
influence through the Vidian nerve any branch
of the facial arising withm the range of its in-

tiuenco.

After the junction of the chorda tympani
with the lingual branch, the latter gives at times
a small branch to the internal pterygoid mus-
cle : during its descent along tlie ramus of the
jaw, it also gives filaments to the arches of the
palate, to the mucous membrane of the cheek,
and to the gum of the lower jaw. While the
nerve is situate between the mucous membrane
of the mouth and the subinaxillary gland, it is

connected by means of two, three, or four (ila-

raents wiUi the tubmasillari/ ganglion. This
ganglion is a small reddish body resembling the

spheiio-palatine ganglion in size, colour, and
consistence, situate above the posterior extre-

mity of tlie submaxillary gland, and connected

superiorly with tlie lingual branch by tlie fila-

ments mentioned ; inferiorly there arises from

it a considerable number of very delicate nerves,

which descend through the divisions of the

gland, anastomose with each other, and are

distributed for the most part to the substance

of the gland ; one of them descends upon the

hyoglossus, anastomoses with a filament from

the ninth, and enters into tlie genioglossus

muscle, and another long one accom|)dnies the

duct of the gland. A filament of communi-
cation also from the sujierior cervical ganglion

of tlie sympathetic reaches the submaxillary

ganglion by following the course of the facial

artery, and is represented by Arnold.

The filaments by which the ganglion is con-

nected to the lingual branch, are, as has been

stated, two, three, or four ; they are not attached

to the nerve all together, but one or two some
lines before the others, and tliey are remarkable

for the circumstance, that the posterior descend
forward, while the anterior descend backward ;

on attentive examination it is found that the

posterior are derived one from the chorda tym-
pani, and the other from the lingual branch

itself; it also appears that the filament derived

from the former source is but a part of tlie cord,

the remainder being continued on wiUi tlie

trunk of the lingual, and again that the anterior

filament or filaments, which descend backward
to the ganglion, are continuations of tlie poste-

rior, which, after having been connected to the

ganglion, ascend forward from it again to the

trunk of the nerve. Tlie course of those fila-

ments of connection is well described and re-

presented by the elder Meckel, and a very accu-

rate delineation of them is given by Treviranus

and Arnold. To this connection probably it

is, that we are to attribute the influence which
impressions on the organs of taste, or even

sounds exert upon the salivary apparatus ; let

us, when hungry, only hear a sound associated

in our minds, in any way, with the gratification

of our appetite, and at once that apparatus is

roused into activity.

Next, while lying between the mylohyoid and
the hyoglossus muscles, the lingual nerve sends

off from its inferior side some branches, which

descend upon the hyoglossus, and anastomose

with filaments ascending from the ninth nerve.

At the same time, from its superior side, it

gives filaments ; some of which, the posterior,

are distributed to the mucous membrane and
to the gum of the lower jaw ; others, tlie ante-

rior, to the sublingual gland, and by some of

their ramifications to the membrane and the

gum. Lastly, the nerve divides at the anterior

margin of the hyoglossus into its lingual

branches ; these are, at first, three, poste-

rior, middle, and anterior ; they pass up-

ward and forward, and divide, each into

two or three branches, which altogether di-

verge from the nerve, and are raiv^ed in suc-

cession from behind forward, along the line
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of separation between the stylo-glossus and the

genio-glossus ; they traverse the substance of
the tongue toward its superior surface and mar-
gin, and run along its inferior surface, above

the raucous noembrane, toward its extremity

;

as they proceed they subdivide, and thus re-

sults a great number of filaments, the course

of which through the tongue is remarkable

;

they apjiear not to terminate, any of them, in

the substance of it, but they traverse it as long,

slender, single filaments, unconnected with its

structure until tliey approach its superior sur-

fece, when they break up into pencils (to

adopt the phrase used) of still more delicate

filaments, which may be followed into the mu-
cous membrane ; the posterior filaments of the

posterior branch insinuate themselves internal

to the hyoglossus, and reach as far back as the

foramen coecum ; the filaments of the anterior

are distributed to the extremity of the tongue,

and are continued between the under surface

of it and the mucous membrane very near to

the tip, the substance of which they then tra-

verse in order to reach its superior aspect and
margin : they thus supply the mucous mem-
brane of the organ upon its superior and lateral

parts, from the foramen coecum to its point.

Ganglion of the fittk nerve (Gangtioti
semilunurc Gasseri). See Jig. 1-iO, 9.— The
ganglion of the fifth nerve is abody of crescentic

form, a cineritious colour, and firm consistence.

It presents two surfaces, two margins, and two
extremities : its surfaces are both slightly pro-

minent, and are directed one upward, outward,

and forward, the other downward, inward,

and backward ; they are also, the former con-
cave and the latter convex longitudinally, the

ganglion being somewhat curved upon itself in

the same direction : they are both for the most
part adherent to the lamina; of dura mater,

which form the chamber m which the gan-
glion is contained ; but it is not uncommon
to find the arachnoid membrane prolonged

beneath it, so that its inferior surfiice in such
instances is fi-ee ; the superior corresponds to

the cranial cavity in its middle fossa, being

excluded from it only by the dura mater ; the

inferior rests, with the intervention of dura
mater also, upon the petrous portion of the

temporal bone, the great ala of the sphenoid,

and against the outer side of the cavernous

sinus. The margins of the ganglion are di-

rected one forward and downward, the other

backward and upward ; the anterior is convex,

and to it are attached the three great trunks,

which compose the ganglionic portion of the

nerve in its third stage ; the posterior is con-

cave and presents through its entire length a

deep groove, into which the fasciculi of the

ganglionic packet of the nerve are received.

The extremities are obtuse, and project beyond
the packet at either side; they are situate re-

latively, one superior, internal, and anterior to

the other. When the ganglion is in situ, the

chord of the arch which it forms is six or

seven lines long ; Niemeyer has sometimes

found itaniount to from nine to ten:* its width

* Dc origiuc paris qututi nervonim cerebri mono*
grapfaia, Halec, 1812.

is about two lines, and its thickness, according

to the part, (rom half a line to a line. Its

colour and appearance vary much according

to the subject : the former is always of a cine-

ritious tint of different degrees of intensity

;

when the subject is wasted, flabby, or anasar-

cous, it is pale or grey, while, if the subject

have been robust and corpulent, it is of a deep
brown colour : in the former case also a plexi-

form arrangement is more perceptible, whereas

in the latter the ganglion seems composed of

two concentric arcs, an anterior of lighter

colour and manifestly plexiform character, and
a posterior of very deep colour and apparently

homogeneous indeterminate texture, devoid al-

together of the plexiform appearance.

A particular inquiry into the structure and
probable function of the ganglion of the fifth

nerve would involve that of the cerebro-spinal

ganglia in general, and will be better post-

poned to another occasion : it will suffice for

the present to state that according to both

Monro and Scarpa, they are composed in

part of nervous chords, and in part by a

soft grey or brown substance, which fills

the intervals between the nervous filaments,

and which according to the former resembles

the cortical matter of the brain, while in the

opinion of the latter it is a cellular texture

filled by a matter, which varies in character

according to the subject ; thus he states that he
has found it fatty in fat and watery in anasar-

cous subjects. 2. That nervous filaments can

be traced through them without interruption

from the nerves situate above to those situate

below the ganglion, which opinion is objected

to by Niemeyer, who compares the connection

of the former with the ganglion to that of the

foetal and maternal portions of the placenta

;

but inspection suffices to satisfy one that this

idea of Niemeyer is incorrect; for whether

additional filaments be furnished or not by the

ganglion, the continuity of filaments above

and below it is evident even in the human
subject, and is still more manifest in other

animals : in the horse it is easily seen, par-

ticularly after a section of the ganglion.

The question whether the ganglion receives

filaments from the sympathetic system has

been a subject of dispute among anatomists.

The elder Meckel* denies the existence of any
filaments of connection between the sympa-
thetic and the fifth nerve, while within the

fibrous chamber or while situate by the cavern-

ous sinus ; and others also, among whom are

Euslachius, llaller, Albinus, and Moi-gagni,

are of the same opinion ; but later investiga-

tions have put it beyond doubt that such a

communication does exist. Bockf has de-

scribed filaments of the sympathetic united to

the trunk of the fifth, before the formation of

the Gasserian ganglion, and which join chiefly

the fasciculi of the trunk, from which the

ophllialmic nerve originates. And Arnold

• Scrtptores Neurologici Minorfts, torn. i.

t Bcschreihung dcs fiinften Ncrvenpaares und
seiner Verbindung init andern Nerven, vorzviglich

mit dcm Ganglicnsystem, 1817.
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states " that several very delicate filaments go
from the carotid plexus to the semilunar gan-

glion, particularly lo the tiret and third branches

of the nerve, and upon those pouils the gan-

glionic matter is accumulated in greater abun-
dance."* Besides this connection between the

sympathetic and the ganglion, others exist

between it and the branches of the ganglion.

The ganglion appears to constitute an essen-

tial part of the fifth nerve throughout verte-

brate animals, and to be uniformly present.

It also presents in all the common character

of being composed both of while and cineri-

tious matter, though the comparative amount
of the two constituents varies according to

the class, the order, or even the individual.

The presence of the two structures the author

would regard as essential to the constitution

of cerebro-spinal ganglia, and he would ex-

clude from such those enlargements presented

by nerves in certain situations, but from which
cnieritious matter appears to be absent. In
Mammalia, Birds, and Ueptiles, the fifth nerve

is provided with a single ganglion, but in Fish

and in both orders of that class it possesses

for the most part two ganglia and two gan-
glionic fasciculi; this however is not uniformly

so, for in some, e. g. the lophius piscatorius,

the ganglion is single.

Vital PROPF.nTiES of the Fifth Pair
OF Nkrves.— The discussion of the vital

properties of the fifth nerve the writer pro-

poses may be fitly arranged under the following

neads: 1. its sensibility ; 2. its influence upon
the faculties of sensation and volition, as also

upon the ordinary sensibility of the parts to

which it is distributed ; 3. its relation to the

special senses and connection witli the function

of nutrition.

1. Sensibiliti/.—Numerous experiments per-

formed and repeated by different physiologists

have established the fact, that the filth nerve

enjoys exquisite sensibility. Bell appears to

have been the first who directed attention

fiarticularly to this point: in his pa{)er, pub-
ished in the Philosophical Transactions for the

year 1821, it is stated that, touching the su-

perior maxillary branch of the fifth nerve,

when exposed in an ass, " gave acute pain."

In tiie first of Mayo's experiments upon the

fifth nerve, published in his Commentaries
in 1822, it was also found that " on pinching
the opposite extremities" (those connected with
the brain) " of the infraorbital and inferior

maxillary nerves in an ass, the animal struggled

violently as at the moment of dividing the

nerves : these latter results uniformly attend

the division of the nerves above-mentioned, and
of that branch of the fifth which joins the

iiortio dura."t Similar results were obtained
by the writer last quoted from experiments
of the same descri|)tion upon the dog and the

rabbit, and upon the piceon, in regard to the
first division of the fifth. He also found
" that on pinching the gustatory ner\es in

living rabbits pain was evinced. Magendie

• Joum. Compl. torn. xxiv.

t Commentaries, No. 1, p. 110.

carried the inquiry farther, and in the fourtli

volume* of the Journal of Physiology, has

related an ex|)eriment in which he exposed

the fifth nerve within the cranium in the rabbit

and dog, and found that the slightest touch

produced signs of acute sensibility. From
the preceding facts we infer tliat the ganglionic

portion of the nerve at least is exquisitely

sensitive, and that it is endowed with sen-

sibility through its entire extent : further, the

experiment of Magendie indicates that the sen-

sibility of the nerve is proper and independent

of the influence of other nerves, he having ex-

perimented upon it at a [joint prior lo its

junction with any other.

With regard to the non-gangl ionic portion

of the nerve, our data are at present altogether

analogical : it is so situated that satisfactory

experiments upon it separately are liardly to

be accomplished, so that we are left lo infer

of it as probable what has been ascertained

of other non-ganglionic nervous cords, viz. the

anterior roots of the spinal nerves. The
question in regard to the functions of the

different portions of the spinal nerves has been
inquired into by Magendie, by whom the

endowments of both sets of roots have been

tested in various modes, and who has inferred

that the anterior roots are not devoid of sen-

sibility, and if they be sensitive it is probable

that the lesser packet of the fifth is sensitive

also.t

2. Influence ofthejiflh nerve upon tentalion

and volition.— It is hardly necessary to remark
that this point has been ihe subject of much
dispute, as well with regard to the fact itself

as to the relative claims of the several inquirers

lo whom we are indebted for the investigation

of the matter: however, physiologists now
seem lo be generally agreed that the nerve

is one of compound function, being subservient

to both the faculties of sensation and volition,

and that the faculty of sensation is dependent
upon its ganglionic, that of voluntary motion

upon its non-ganglionic portion, and that it

thus resembles the spinal nerves. That the

nerve is one of compound function, and sub-

servient to the two faculties, was announced

by Bell in the paper already alluded to. He
there distinguishes the nerves into two classes

;

one original and symmetrical, the other super-

added and irregular. To the former class he

refers the spinal nerves, the suboccipital, and
the fifth nerve, and assigns lo them the fol-

lowing characters, namely, they hive all double

origins ; they have all ganglia on one of their

roots ; they go out laterally to certain divisions

of the body; they do not interfere to unite

the divisions of the frame; tliej/ are all mus-

cular nerves, ordering the voliinlaru motions

of the frame ; they are all exquisitely sensible,^

and the source if the common sensibility of
the surfaces of the body : lo it he refers the

nerves of the spine, the suboccipital, and the

fijlh nerve. I it has been already stated lliat

P. 314.
p. 368.t Journal dc Physiologic, t. ii. p. 3(

t Philosophical Transactions, 1821, .404.
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he had ascertained by experiment tliat the fifth

nerve was exquisitely sensitive ; tliat it is the

source of the sensibility of thfe parts to which
it is distributed, lie has also determined, for

in allusion to the fifth he says, " if the nerve
of this original class be divided, the skin and
common substance is deprived of sensibility;"*

and " by an experiment made on the 16th
of March, it was found that, on cutting the

infi-d-orbitary branch of the tiflli on the left

side, the sensibility of that side was completely
destroyed."f The experiments of Bell were
repeated by Magendie, and a similar result,

so far as regards the sentient properties of the

fifth, obtained, as mentioned in the Journal
de Physiologie, Octobre 1821. A similar

result has been obtained also by Mayo in his

experiments upon the fifth nerve, as detailed

in his Commentaries for August 1822, more
than a year after the publication of Bell's

paper. In liis first experiment the infra-orbital

and inferior maxillary branches were divided
on either side in an ass, wliere they emerge
from their canals, and the sensibility of the
lips seemed to be destroyed : and, in a second
experiment, the frontal nerve was divided on
one side of the forehead of an ass, when the

neighbouring surface appeared to lose its sen-
sibility : the same effect was produced by the
division of that branch of the fifth which joins
the portio dura, inasmuch as the cheek loses

sensation upon its division. From these ex-

periments Mayo concluded that the facial

branches of the fifth are nerves of sensation.

The experiments upon the influence of the
nerve on sensation have been carried still

further by Magendie ; he divided the nerves
within the cranium, where they lie against
the cavernous sinus, and also between the pons
Varolii and the petrous jjortion of the temporal
bone, and in both instances he obtained the
same result with regard to the sensibility of
the parts to which the nerves are distributed,

viz. total loss of sensibility on one or both
sides of the face, according as one or both nerves
were divided ; this extended not only to the
integuments as in the former trials, but also

to the lining membrane of the nostrils, to the
conjunctiva, to the tongue and the interior

of the mouth. The efl'ect upon the nostril was
so remarkable that the most active effluvia,

even those of ammonia and acetic acid, pro-
duced no impression upon it: in like manner
neither piercing instruments nor ammonia ex-
cited any sensation when applied to the con-
junctiva, and the tongue was insensible to the
action of sapid bodies at its anterior part.

From such accumulated evidence but one
conclusion can be drawn, viz. that the fifth

is the nerve of general and tactile sensation

to the face and its cavities, or to the jiarts

upon which it is distributed.

Whh regard to the influence of the fifth

nerve u|jon volition, it has been already stated

that Bell had announced it, as one of his regular

or symmetrical nerves, to be " a muscular

• Philosophical Transactions, 1821, p. 40S.
t Ibid. p. 417.

nerve ordering the voluntary motions." This
conclusion with regard to the fifth nerve he
adopted in consequence of the following ex-

periment, and of the result, which, as he
conceived, he obtained from it. " An ass being
tied and thrown, the superior maxillary branch
of the fifth nerve was exposed. Touching
this nerve gave acute pain. It was divided,

but no change took place in the motion of

the nostril ; the cartilages continued to expand
regularly in time with the other parts which
combine in the act of respiration ; but the

side of the lip was observed to hang low, and
it was dragged to the otlier side, llie same
branch of the fifth was divided on the opposite
side, and the animal let loose. He could no
longer pick up his corn ; the power of elevating

and projecting the lip, as in gathering food,

was lost. To open the lips the animal pressed
the mouth against the ground, and at length

licked the oats from the ground with his tongue.

The loss of motion of the lips in eating was
so obvious, that it was tliought a useless cruelty

to cut the other branches of the fifth." The
inference here indicated is obvious, viz. that

the motion of the lips in eating depends upon
the superior muxUlary branches of the fifth

pair, so far at least as the distribution of those

branches extends ; and what he conceived he
had thus established with regard to one branch
he inferred analogically of the rest. The
opinion that the fifth is a muscular nerve as

well as one of sensibility Bell also maintains

in later writings, and supports by additional

experiments : thus, in his Exposition of the

Natural System of the Nerves, published in

1824, he says, " to confirm this opinion by
experiment, the nerve of the fifth pair was
exposed at its root, in an ass, Uie moment
the animal was killed ; and on irritating the

nerve the muscles of the jaw acted, and the

jaw was closed with a snap. On dividing the

root of the nerve in a living animal, the jaw
fell relaxed." That the fifth is to a certain

extent a nerve of voluntary motion is uni\er-
sally admitted, but then a question arises of
equal interest and delicacy ; of interest for

its own nature, and of delicacy because of the

personal claims and feelings involved in it.

The question is,^— it being admitted that the

nerve is one of double function,— is such
function enjoyed equally by all its branches
and by both its portions ; and if otherwise,

upon which do they severally depend ? From
the extracts quoted it is evident that no dis-

tinction in function between the different

branches of the nerve was contemplated by
Bell at the lime the first was written, in 1821,
and that he regarded them as being all alike

nerves of compound function,—nerves both
of voluntary motion and sensation ; and, such
being the case, either that he had not recognised

a difference between the properties of the gan-
glionic and the non-ganglionic portions of the

nerve, or that he was then not aware of the

peculiar distribution of the latter ; nor is any
express information afforded us upon the subject

in his earlier writings, or antecedent to 1823.
The conclusion to whicli he had arrived with
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regard to the nerve generally and its superior

maxillary branch in ))articular, in the year

1821, has been stated ; in his communication
to the Royal Society in 1823, he adds, "all
the nerves, without a single exception, which
bestow sensibility from the top of the head

to the toe have ganglia on their roots ; and
those which have no ganglia are not nerves

of sensation, but are for tlie ])ur(X)se of or-

dering the muscular frame:" from this, when
applied to the fifth nerve, it might be inferred

that sensation depended upon its ganglionic,

and muscular action upon its non-ganglionic

portion. But between the years 1821 and
1823 additions had been made by others to

the knowledge of the functions of the fifth

nerve which require notice. It is to be borne
in mind that Bell inferred from his first ex-

periment, published in 1821, that the superior

viaxiltarj/ nerve is one both of sensation and
voluntary motion to the lips (see the preceding

page) : to this conclusion Magendie was the first

to object, for in the Journal of Physiology for

October of the same year (1821), he says,
" we have repeated these experiments along

with Messrs. Shaw and Dupuy, and the Tesult

which we have obtained agrees (perfectly with

that which we have just related, with the ex-

ception always of the injlucnce of the section

of the iiifra-orbital upon mastication, an in-

Jiuence which I have never been able to perceive."

In August 1822 Mayo published, in his Com-
mentaries, his " experiments to determine the

influence of the portio dura of the seventh,

and of the facial branches of the fifth pair

of nerves." Those relating to the latter point,

which have been already alluded to, are as

follow. 1. The infra-orbital and inferior max-
illary branches of the fifth were divided on
either side, where they emerge from their re-

spective canals ; the lips did not lose their

tone or customary apposition to each other

and to the teeth ; but their sensibility seemed
destroyed : when oats were offered it, the

animal pressed its lips against the vessel which
contained the food, and finally raised the latter

with its tongue and teeth. On pinching with

a forceps the extremities nearest the lips of
the divided nerves, no movement whatever
of the lips ensued : on pinching the opposite

extremities of the nerves, the animal struggled

violently, as at the moment of dividing the
nerves. Some days afterwards, though the
animal did not raise its food with its lips,

the latter seemed to be moved during mastica-
tion by their own muscles."

2. " Some days after, the frontal nerve was
divided on one side of the forehead of the
same ass, when the neighbouring surface

appeared to have lost sensation, but its muscles
were not paralysed." 4, 5, and 6. The branch
of the filth, that joins the portio dura, was
divided on either side : in the fourth experi-
ment, the under lip at first appeared to fall

away from the teeth ; at times the lips were
just closed : in the fifth and sixth, the under
lip did not hang down, and no difference was
observed between the action of the muscles of
either side; but, he observes in a later publi-

cation, " the cheek loses seasation upon its

division." The results of these exjjeriments,

while they confirm fully the inference drawn
by Bell with regard to the influence of the

nerve over sensation, are altogether at variance

with that of his experiment relating to the con-
trol of the superior maxillary nerve over mus-
cular motion, and are equally incompatible

with the doctrine that the branches of the nerve,

which were the subjects of experiment, have
any direct connexion with muscular contrac-

tion ; for while, on the one hand, the division

of the nerves was followed by total loss of
sensibility in the lips, on the other, the latter

did not fall avray either from each other or

from the teeth, nor did irritation of the portions

of the nerves connected with the lips excite

any movement whatever of those parts, but
they seemed aftenvards to be moved during
mastication by their own muscles. Mayo in-

ferred accordingly from his experiments, " that

the frontal, infra-orbital, and inferior maxillary

are nerves of sensation only, to which office

that branch of the fifth which joins the portio

dura probably contributes." A circumstance

in the first experiment doubtless seems at

variance with the conclusion which Mayo has
drawn, and demands consideration here, be-

cause, unless unexplained, the fact is inconsis-

tent with the inference. It has been stated

that both in Bell's and Mayo's experiment, the

animal ceased to take up its fooa with its lips

after the division of the facial branches of tlie

fiflh, and from that circumstance chiefly the

former appears to have inferred that the motions
of the lips in eating de]X!nded on these nerves

;

but the inference is objected to by Mayo as
" a theoretical account of the fact that the

animal did not elevate and project its lip ; this

fact," he says, " was noticed in my own expe-
riments, but appeared to me from the first

equally consistent with the hypothesis, that the

lip had merely lost \\s sensibility, as with Mr.
Bell's explanation," that it had lost its muscu-
lar power. The fact may be obviously ex-

plained by either of the two suppositions, and
it is very remarkable that it should occur
equally in one case as in the other. In the

one, the muscles of the lips having been de-

prived of their jxjwer of voluntary contraction,

the lips themselves cannot, of course, be made
use of to take hold of an object ; and in the

other, the animal not being made aware of the

contact of the food in consequence of the loss

of sensation, volition is not exerted, nor are

the muscles called into action in order to take

hold of it. To the latter cause it is attributed

by Mayo, after the division of the branches of

the fifth, and he confirms this view of its pro-

duction by reference to the effect of anaesthesia

in the human subject : " in that disease the

sensation of the extremities is wholly lost,

while their muscular power remains. Now it

is remarkable that in persons thus affected the

muscles of the insensible part can only be

exerted efliciently when another sense is em-
ployed to guide them, and to supply the place

of that which has been lost: a person afflicted

with ana-sthesia is described in a case quoted
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by Dr. Yelloly, as liable on turning her eyes
aside to drop glasses, plates, &c. which she
held in safety so long as she looked at them ;

"

but that the absence of motion in the lips on
the division of the fifth is due to the loss of
sensation merely, and not of voluntary power,
is positively proved by the effect of the division

of the portio dura on the two sides, an experi-

ment performed for the first time by Mayo : in

it the voluntary motion of the lips is altogether

lost, while sensation continues unaffected,* and
hence the division of the fifth caimot deprive
them of voluntary power, but only of sensation.

The explanation of Mayo has been admitted
and adopted by Bell himself in his " Exposi-
tion," 1824, in which he has added to the

detail of his experiment, as already related,

the following note :
" what I attributed to the

effect of the loss of motion by the division of
the fifth, was in fact produced by loss of sen-
sation ;" and he corroborates this by the case
of a gentleman in whom loss of sensation in

the lip had been produced by extraction of a
tooth. " On putting a tumbler of water to his

lips, he said, ' Why, you have given me a
broken glass :

' he thought that he put half a
glass to his lips, because the lip had been de-
prived of sensation in one half of its extent

;

lie retained the power of moving the lip, but
not of feeling with the lip." The last particu-

lar noted is of great value, as demonstrating
satisfactorily the separation of the two faculties,

and, taken in connexion with anatomical con-
siderations, renders it necessary to refer them
to separate sources. It is manifest, then, that

the circumstance of the animal not taking up
the food by means of the lips, after the divi-

sion of the fifth nerve, is not proof that it had
lost the voluntary muscular power of them,
but only that it did exert it, not having been,
as it were, apprised of the necessity of doing
so. It is also stated by Bell, that on the
division of the nerve upon one side, " the side

of the lip was observed to hang low, and it

was dragged to the other side." This result

also is objected to by Mayo, first, as contrary
to his observation, for in his first experiment,
after the division of the infra-orbital and inferior

maxillary nerves, " the lips did not lose their

tone or customary apposition to each other and
to the teeth;" and secondly, as being the

eflfect of an extensive division of the muscular
fibres, a cause quite adequate certainly to

explain the fall of the lip, independent of the

influence of the nerves. The difficulty, there-

fore, which these circumstances appear at first

to present is removed, and we are left to deter-

* It will be satisfactory to those interested in
this question to know, that the result of Maya's
experiment has received full contirniation from
those of others ; and first from Shaw, who has
bestowed so much labour to establish the respiratory

connexion of the portio dura. In the Medical and
Physical Journal for December, 1822, he writes,
" immediately on cutting the nerve (the portio
dura) on both sides, the lips became so paralyzed
that the animal could no longer use them in raising
its food." The same result has been obtained by
Mr. Broughton in experiments upon the horse, as
detailed in the same Journal, June, 1823.

mine the question by other means, and they

are abundantly furnished froin other sources.

In the first place, the division of the nerves

completely destroys the sensation of the parts

to which they are distributed, without pro-

ducing any effect ujwn the tone or contractile

power of those parts, nor does irritation of the

divided nerves excite muscular contractions.

Secondly, were these nerves the source of the

voluntary powers of the ))arts they supply, the

division of every other nerve must fail to affect

that power while the former remain entire;

but Mayo, in several instances, divided the

portio dura alone on both sides, and the

result was, that " the lips immediately fell

away from the teeth, and hung flaccid," and
could not be used by the animal to take hold
of food, and consequently had lost all volun-

tary power ; while, " when the extremity,

nearest the lips, of either divided nerve was
pinched, the muscles of the lips and nostrils

on that side were convulsed." Bell doubtless

asserts that after the division of the portio dura
nerve on one side, the animal " ate without
the slightest impediment;" to this Mayo
objects that " the experiinent is inconclusive,

because the nerve was not divided on both

sides;" but in truth the experiment is quite

conclusive, for though the animal can eat, and
without impediment, his eating is far from
perfect, and the imperfection is not the less

obvious because confined to one side.

When an animal which has had the portio

dura divided upon one side only takes food,

the lips remain motionless upon that side; and
when it masticates, the lips continue in the

same state, while on the other side they ac-

tively co-operate, the food and saliva escaping
on the side at which the nerve has been cut,

and on the other being confined within the

mouth. Now, if any action of the lips be
voluntary, it is assuredly that by which they

co-operate in the prehension and mastication

of food ; and since no action of their muscles
can be excited by irritation of the branches of
the fifth nerve, while such action can be ex-
cited by that of the portio dura, and all volun-
tary action is destroyed by the division of that

nerve, but one inference remains, that of Mayo
already adverted to, viz.—that those branches
of the fifth in question possess no influence

upon the voluntary faculty of the muscles

;

that they are exclusively sentient ; and that the

contractile power of the muscles of the face,

whether voluntary or involuntary, is to be attri-

buted to another source.

After what has been stated, we must admit
that Mayo has been the first expressly to an-
nounce that the function of these nerves is

restricted to sensation. Beyond that, however,

he has not gone, in reference to the question

of sensation, in the publication alluded to,

though it must be admitted that little remained
to be added in order to complete the conclu-

sion, that the ganglionic portion of the nerve is

exclusively sentient. At the same time he
inferred, " from the preceding anatomical

details,"— viz. their exclusive distribution to

muscles,—" that other branches of the third
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division of the fifth arc voluntary nerves to the

pterygoid, the masscter, the temporal, and
buccinator muscles." Here agam ne has not

reached tlie conclusion, though he has fallen

but little short of it, and though, as in tlie

former instance with regard to sensation, he
has been the first to announce a restriction of
the motor properties of the nerve to particular

branches. The opinion expressed by Bell, in

June 1823, has been already quoted, and
from it we are bound to admit, that then at least

he recognised the distinction at present acknow-
ledged with reference to the appropriate function

of the ganglionic and non-gaiiglionic portions.

But in Mayo's Commentaries for July 1823, the

conclusion is for the first time expi-essly stated

thus :—" In the last paper of the preceding

number, I mentioned tliat the division of the

supra-orbital, infra-orbital, and inferior max-
illary nerves, at the points where tliey emerge
from their canals upon the face, produces loss

of sensation, and of' that alone, in the corres-

ponding parts or the face. I have since, after

the division of the fourtli branch which emerges
on the face,—namely, that which joins the

portio dura,—ascertained that this branch like-

wise is a nerve of sensation, inasmuch as the

cheek loses sensation upon its division. I

mentioned in addition that I concluded that

other branches of the fifth nerve, from their

distribution, are voluntary nerves. Now it is

well known that the fifth nerve at its origin

consists of two portions ; a larger part, which
alone enters the Gasserian ganglion, and ano-

ther smaller, which does not enter, but passes

below the ganglion to join itself with the third

division of the fifth. Towards llie close of
last summer I endeavoured to trace the final

distribution of this small portion in the ass,

and succeeded in making out that it furnishes

those branches, which are distributed exclu-

sively to muscles : I have since ascertained

that in the human body precisely the same
distribution exists. But the lemaining branches
of the fifth are proved to be nerves of sensation ;

thus it appeius that the fifth nerve consists of
two portions, one of which has no ganglion,

and is a nerve of voluntary motion (and pro-

bably of muscular sensation) ; and another,

which passes through a ganglion, and furnishes

branches, which are exclusively nei'ves of the

special senses."

We return now to the question of the pro-
perties of the non-ganglionic portion of the

fifth nerve. It has been stated that Mayo was
the first to announce the restriction of the

voluntary influence of the fifth to certain

branches, and that he was led to this conclu-
sion from the observation of the (act that certain

branches of Uie ner\e are distributed exclusively

to muscles. These muscles he has stated, in

the first i>art of his Commentaries, to be the

pterygoid, the masseter, the temporal, and
buccinator; to which he has added, in his

second part, the circumflexiis palali ; by dis-

section he ascertained that as well in man as
in the ass, the lesser portion of the neree " fur-

nishes these branches which are distributed ex-
clusively to muscles;" and having already

determined that the ganglionic portions of the

nerve arc destined exclusively to sensation, he
came to the conclusion that the non-canglionic

portion is a nerve of voluntary motion. His
first conclusion upon this point he himself

states to have " involved a trifling error : tlie

pterygoid, masseter, and temporal muscles are

indeed exclusively supplied by the fifth, and
therefore, without doubt, tlie branches so dis-

tributed are voluntary nerves, but the bucci-

nator receives branches from the portio dura aa

well, and I have found subsequently, that

pinching the branch of the fifth that perforates

the muscle, produces no action in it : and in

accordance with this view he writes in hia

Physiology,* " I was led to observe that tliere

were muscles which received no branches from

any nerve but the fifth ; these muscles are the

masseter, the temporal, the two pterygoids,

and the circumflexus palati. After some care-

ful dissection, I made out that the smaller

fasciculus of the fifth is entirely consumed
upon the supply of the muscles I have named."
Tne determination of the constitution and
function of the buccal branch of the inferior

maxillary nerve has become a matter of greater

importance since the publication of Bell's

work on tlie Nervous System in 1830. In it

he says, " I am particular in re-stating this,

because from time to time it has been reported

that I had abandoned my original opinions,

whereas every thing has tended to confirm

them." Now, it will be remembered that

Bell's original opinion is, that the muscles of
the face are endowed with two powers, a volun-

tary one, dependent on the fifth nerve, and an
involuntary respiratory one, dependent on the

portio dura ; also, that in the first instance he
attributed the voluntary power of these muscles

to the facial branches of the fifth, but that he
had abandoned that idea, and acknowledged
that what he had attributed to loss of motion

was in fact due to loss of sensation. In the

work adverted to he has taken new ground,

and at the same time reiterates his first opinion

with regard to the existence of the two distinct

contractile powers in the muscles of the face,

and attributes to the buccal nerve that influence

over their voluntary motion which he had

before referred to the infra-orbital, &c. Thus,
" but finding that the connexion between the

motor root and the superior maxillary nerve

proved to be only by cellular texture, and con-

sidering the affirmation of M. Magendie and

tliose who followed him, that the infra-orbitary

branch had no influence upon the lips, I pro-

secuted with more interest the ramus buccinalis

labialis,"—the buccal nerve,—" and nobody,

I presume, will doubt that the distribution of

this division confirms the notions drawn fi^m

the anatomy of the trunk, not only that the fiflh

nerve is the manducatory nerve as it belongs

to the muscles of the jaws, but also that it is

distributed to the muscles of the cheek and

lips to bring them into correspondence with

the motions of the jaws." To the point at

issue the writer has directed particular alten-

• 1833, p. 261.
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tioii : he has made repeated dissections of the

distribution of the lesser packet of the nerve

both in tile liorse and in man, and after a care-

ful examination, it appears to him that Mayo
is essentially right, though tlie view given by
him does not exactly agree with the arrange-

ment of the nerve as found by the author
either in the horse or in man. In the former the

masseteric branch arises from the lesser packet

by two fasciculi, one of which runs round the

ganglionic portion of the third division of the

nerve, and joins the other and larger fasciculus

before it : the facial portion of the buccal

nerve appears to the author to be purely gan-
glionic, but the root of the nerve in part

appears to be derived from the non-ganglionic

portion and is not ; and in part may or may
not be considered to proceed from it. It is

entangled at its origin with fasciculi of that por-

tion, more or fewer of the filaments which it

derives from the ganglionic jjacket passing be-

tween and even interlacing with fasciculi of the

non-ganglionic ; but by a patient proceeding

these may be traced to their proper source, and
the nerve be extricated from this connexion. It

is, however, difficult to accomplish it at times,

at others it is sufficiently easy. Again, one or

more branches of the non-ganglionic portion

accompany the buccal nerve for some distance,

connected to it more or less intimately, but

apparently not enclosed within the same sheath,

though communicating with the nerve by fila-

ments from a ganglionic fasciculus and separa-

ble without injury to either. These branches,

however, separate from the nerve again for dis-

tribution before it leaves the zygomatic fossa

;

they may be considered, or not, to belong to

the nerve, but they do not affect the question

with regard to its facial portion ; and the author

believes that the arrangement described is not

uniform, the branches adverted to not always

accompanying the buccal nerve.

Again, on the one hand it has been already

shewn that division of the portio dura on both

sides deprives the facial muscles of all inde-

pendent* contractile power, whether voluntaiy

or involuntary ; and on the other, Mayo has

found that irritation of the buccal nerve does

not excite contraction in those muscles : the

author has taken occasion several times to

repeat the experiment of Mayo upon the latter

nerve after it had emerged upon the face, and
he has not succeeded in obtaining contraction

of the facial muscles thereby, while the strug-

gles of the animal, excited by the irritation of

the nerve, proved it to be one of exquisite sen-

sibility. It appears then to the author impos-

sible to admit that tlie facial muscles either

possess two contractile powers dependent on

distinct nerves, or tliat they derive any volun-

tary power from the fifth.

It is extraordinary that Magendie, who was

the first to detect the error into which Bell had

fallen with regard to the influence of the infra-

orbital nerve over the motions of the muscles

* This expression has been used because the

muscles may be still excited to contraction by irri-

tation of the portion of the nerve connected with

them.

of the face, and has, according to his own
report, divided the portio dura on animals,

should, notwithstanding all that has been

written upon the subject, have adopted the

opinion that the muscles of the face are en-

dowed with the two distinct faculties of motion,

one of which is derived from the fifth. His view

will be found at page 703-4, Anatomic des

Systemes Nerveux, &c., and the opinion there

expressed is implied in a note at page 191,

Journal de Physiologic, t. x. In the former

he says, " Now Mr. Charles Bell in England
and M. Magendie in France by cutting the

facial nerve have paralyzed the respiratory

motions of all the side of the face correspond-

ing to the nerve cut. But the muscles which

receive at once filaments from the facial nerve

and from the fifth pair were paralyzed only in

their action relative to respiration and to the

expression of the physiognomy."

The influence of the fifth nerve upon the tac-

tile sensibility of the parts with which it is con-

nected has been discussed : its influence upon
their ordinary sensibility also requires notice.

From the preceding details it appears esta-

blished that it is to the same nerve that this

property also of the parts in general is due

;

but there is reason to believe that the nerve

exerts a more extended control over this faculty

than was at first supposed. At the cotnmence-

ment of the inquiries into the functions of the

nerves of the face, the opinion generally held

was that the facial nerve—portio dura of the

seventh pair—was devoid of sensibility. Fur-
ther observations, however, showed that this

conclusion was erroneous, and that the insen-

sibility to any injury done to the nerve in

question manifested by the subjects of experi-

ment, and from which the inference had been
drawn, was only apparent, and to be referred

to the constitution of the individual animal or

of its species. The sensibility of the facial

nerve having been established, a question arose,

whether that property was independent and
proper to it, or whether it was conferred by
another ? Those who first observed the sensi-

bility of the nerve adopted the former opinion
;

but considerations entitled certainly to much
weight led Eschricht to suspect that the facial

nerve is not endowed with independent sensi-

bility, and that the sensibility which is manifested

when it is injured is conferred on it by the fifth

nerve. In order to determine the question he

performed a series of experiments in which he

divided the fifth nerve within the cranium upon
one side after having opened the cavity and
removed so much of the corresponding hemi-

sphere of the brain as was necessary for the

accomplishment of his purpose : the facial

nerve of the same side was then exposed, and

its properties tested. The faculties of the

animal are so little affected by the removal of

the brain, that the result of the experiment

seems free from objection, while all influence

of the fifth nerve upon the sensibility of the

facial or other parts must be destroyed. In his

first successful experiment irritation of the

facial excited s|)asms of the lips, and also in-

dications of suffering so decided that a doubt
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could not be entertained : the fifili nene liad

also been fairly divided : thus far, therefore,

his conjecture was disproved. I'ursuing his

inquiry still further, he found in his next

experiment that no indication whatever of pain
Was manifested by the animal on irritation of
the facial on the side on which the fifth nerve
had been cut; but in two succeeding exjieri-

menls he ascertained that while irritation of the

nerve anterior to the meatus auditorius pro-

duced no other effect but sjwsms of the nasal

and labial muscles, when exerted posterior to

that point it excited manifest evidence of suf-

fering : this latter circumstiince he accounts for

by the communications of the posterior part of
the facial with oUier sentient nerves besides the

fiAh, and he has come to the conclusion that the

former nerve is not endowed with independent
sensibility, but that it derives the property from
the finh and other sentient nerves : this ques-
tion, however, requires further investigation.*

llelution iif' the JijXh pair of nerves to the

special senses.—Tlie organs of the special senses

are in tlie higher classes and in the case of
smell, sight, and hearing, each supplied with

nerves from at least two sources. Besides the

particular nerves, which are generally consi-

dered to be the source or medium of the spe-

cial sense, they are furnished with branches
from the fifth pair; and a question must, at the

outset, be asked in regard to the two nerves

derived from these different sources, as to

which is to be considered the proper nerve of

the peculiar sense enjoyed ? In connexion
with the two separate nervous supplies, it is

also to be observed that each organ enjoys two
kinds of sensibility, viz. the special sensibility,

through which sensations of the particular sense

are received, and the general sensibility, in

which the several organs of the body partici-

pate, and which is the medium through which
impressions of contact are conveyed. Tlie exis-

tence of the special sense, the coincidence of

the particidar nerve, the impairment or loss

of the special function uniformly consequent
upon the injury or destruction, whether by
disease or otherwise, of that nerve ; and the

community both of function and distribution,

displayed by the nerve from which the organs

of the senses are in common supplied, have
led physiologists generally to the conclusion
tliat in each case the particular nerve is the
medium of the special sense, and that the

fifth nerve confers upon the organs of the spe-

cial senses general sensibility only. The con-
clusion thus commonly adopted has been at

different times called in question : thus Mery
and Brunet, in 1G97, denied to the nerves of

the first pair the function of smell, and attri-

* Eschricht, de funclionibus nervorum faciei et
olfactus organi, liafn. 1825. [The superficial tem-
poral nerve doubtless contributes mainly to supply
sensibility to the posterior twigs of (he facial : but
so much difiicuhy do some see in satisfactorily

accounting for the sensibility of the portio dura,
that they find it convenient to discover two roots of
origin, and a ganglion on one, thus reducing it to
the clasa of compound nerves. See Arnold, Icones
capitis nervorum ; also Oaederhcns, ncrvi facialis
physiolugia ct pathologia,— Ed.]

vol.. II.

buted this sense to the fifth nerve.* Tlie ques-
tion of tlie connexion between the fifth nerve
and the special senses is one of much difficulty,

and probably we are not as yet in possession of
sufficient data from which to draw a positive

conclusion upon it when viewed in all its bear-
ings. It resolves itself into three: I. how far

the nerve may be concerned in the perception

of special sensations in those cases in which
nerves, considered to be specially intended for

their perception, exist: 2. how for its co-
operation or influence may be necessary to

enable the special nerves to fulfil their func-

tions : 3. how far it may be capable of taking

the place of those special nerves, and of be-

coming, under certain conditions, media of
perception to sensations, for which, in other

cases, peculiar nerves are conferred. We sliull

review the relation of the nerve to the several

senses in succession, bearing in mind the three

points to which our attention is to be directed.

That it is a medium of perception in the case

of two senses, viz. touch and taste, is already

so universally acknowledged that it is unneces-
sary to dwell u|)on the point.

The importance of the fifth nerve in the

three other senses of smell, sight, and hearing,

has been advocated by several physiologists,

and more particularly by Magendie, who ap-
pears dis|x>sed to view the fifth nerve as the

source or medium of all the three. His appli-

cation of this doctrine, however, has reference

more particularly to the sense of smelling,

upon which he has performed a series of expe-
riments, of which the following is a summary:
he destroyed entirely the olfactory nerves within

the cranium, and he found the animal still

sensible to strong odours, such as ammonia,
acetic acid, essential oil of lavender. The sen-

sibility of the interior of the nasal cavity had
lost nothing of its energy ; the introduction of
a stylet had the same effect as upon a dog
which had not been touched. This experiment
he performed several times, and always with
the same results. He next divided the fifth

nerves within the cranium, of course before

they had given branches to the nostrils,

and found all trace of the action of strong

odours to disappear. He hence concluded that

smell, in so far as pungent smells are con-
cerned, is exercised by the branches of the

fifth pair, and that the first is not concerned in

the function. To this conclusion he himself

starts the objection that the agents used are not

odours, pro|ierly speaking, but chemical, pun-
gent, irritating vapours, and tliat by the section

of the fifth we destroy not the sense of smell,

but only the sensibility of the membrane of the

nose to these irritating vapours, and he admits

the force of the objection with respect to some
of the vapours alluded to ; but he denies that

it will apply to the oil of lavender or that of

Dipi^el, the effect of which in the experiments

is the same. In order to remove the dirticulty

he destroyed the olfactory nerves of a dog of

particularly fine nose, and then enclosing por-

tions of food of various kinds in {laper, he

* Se« Journ»l Coinplein«nlairc, v. 20.
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presented tliera to the animal, and it always
undid the ])aper and possessed itself of the

food ; but, he adds, " 1 do not regard this ex-

l)erinient as satisfactory, because in other cir-

cumstances it appeared to me to want smell to

discover food which I put near him without

his knowledge" (a son insu). However, the

latter circumstance is overlooked by Magendie,
and his conclusion is, " une fois le nerf trifa-

cial coupe, toute trace de sensibilitc disparait,

aucun corps odorant a distance ou en contact,

les corrosifs mcmes n'affectent plus en aucune
fayon la pituitaire."* Doubtless this conclu-

sion is qualified by another immediately suc-

ceeding, " that does not prove that the seat of

smell is in the branches of the fifth pair ; but
it proves at least that the olfactory nerve has an
indispensable need of the branches of the fifth

pair to be able to enter into action ; that it is

devoid of general sensibility, and that it can
have only a special sensibility relative to

odorous bodies."t The latter must be ad-
mitted to come, if not quite, at least very near

to the general opinion, but it is altogether at

variance with the former, and one is rather at

fault for the author's precise meaning. Refe-
rence to later writings, however, leaves no
doubt upon that point. In the conjoint work
of Desmoulins and Magendie (1825) upon the

nervous system of the vertebrata, besides other

similar passages, will be found the following :

" La cinquifcme paire, par ses branches nasales

dans les mammiftres, et par ses branches pro-

pres a la cavite pre-oculaire des trigonoccphales

et des serpents a sonnettes, est done I'organe

de rodorat."J Notwithstanding the weight of

Magendie's authority, a careful review of the

matter will not permit us to assent to this con-
clusion, and compels us to avow not only that

it is not proved, but that the premises justify

a contrary one. In the first place it is not war-
rantable to call the effluvia of ammonia or

acetic acid odours : they are no more odours
than the fumes of muriatic or nitric acid ; and,

though aware of the objection, he still calls

them odeiirs fortes, and bases his inference

upon their operation. But he says the objec-

tion does not apply to oil of lavender or the

animal oil of Dippel : this, however, is but an
assumption at variance with fact; in the human
subject these agents may act feebly upon the

sensibility of the membrane of the nostrils, and
may not a]ipear to possess irritjiting properties;

but this will not prove that they act similarly

upon animals, whose organ of smell is more
sensitive than that of man, and accordingly

Dr. Eschricht,§ who combats the opinion of

Magendie, has found that, on application to

the nostrils of those animals upon which the

experiments of Magendie have been performed,

they produce all the same etfects which am-
monia or nitric acid does. In the second place

his experiment of presenting food to a dog,

whose olfactories had been destroyed, enclosed

• Journal de Physiologie, t. iv, p. 306.

t Ibid.

X T. ii. p. 712.

\ Journal dc Physiologie, t. vi. p. 350.

in paper, and in which the animal undid the

paper, upon his own showing not only does

not justify his inference, but, so far as it

reaches, proves the contrary. To establish his

position the animal must have discovered the

food by smell, without knowing that it was in

the pa])er ; but it is manifest, from Magendie's
own relation, tliat when the animal undid the

paper, it knew, or was led by some circum-

stance to expect the food to be in it ; but that

when it was not already aware or in ex))ecta-

tion that the food was near it, it did not dis-

cover it. To the writer it seems that the na-

tural inference from the experiment, as related,

is that the animal's proper sense of smell de-

pended upon the olfactory nerves, inasmuch as

It did not display fair evidence of its presence

after their destruction, and that the sensibility

displayed by the membrane of the nostrils after

the destruction of these nerves, and dependent

upon the fifth, has reference only to those im-

pressions which are objects of tactile or general

sensation, but not of the special sense.

At the same time, however, that we express

our dissent from Magendie with regard to the

nervous connexion of the proper sense of smell,

it must be admitted that his researches posi-

tively indicate a distinction between the media
of perception in the case of different agents

operating on the olfactory organ, which it has

been too much the habit to regard as pro-

ducing their impressions all through the olfac-

tory nerves : they have gone a considerable way
in demonstrating the separation of those media;

a result which is made complete by the conti-

nuance of the simple sense after the loss of the

influence of the fifth nerve consequent u[X)n

disease : further, they indicate that sensations

derived through the organ of smell are less

simple than they are usually accounted ; that

they may be, and probably are for the most
part, compound, resulting from the combina-
tion of impressions made upon the two senses

thus shewn to be enjoyed by the organ.

Magendie's view has been adopted, and an
endeavour made to corroborate and establish it

by Desmoulins in ' Reflexions' upon a case

communicated by Beclard, and published in

the fifth volume of the Journal of Physiology.

The case is that of a patient, in whom the

olfactory nerves and their bulbs were de-

stroyed by the growth of a tubercular disease

from the anterior lobes of the brain ;
" yet he

took snuff" with pleasure, appeared to distin-

guish its diflferent qualities, and was affected

disagreeably by the smell of the suppuration of

an abscess with which one of his neighbours

was afflicted." From this case, from that of

Serres, related elsewhere, and the experiments

of Magendie viewed in connexion, Desmoulins
has adopted the opinion that " the nerves and
lobes called olfactory are alien to the sense of

smell, or at all events co-operate so little in it,

that the sense continues to be exerted without

them ; that, on the contrary, this sense resides

essentially in the branches of the fifth pair,

which are distributed to the nostrils." Serres'

case has been discussed elsewhere ; that of

Beclard appears at first unanswerable ; but
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how will it appear after the qualification by
which it is followc<l has been |)eriised ? " I

owe it to trutli," he says, " to add that these

hist st;itemciits were not collected till after the

dissection, and that they were gathered from

the patients of the ward." Such aii admission

manifestly destroys the value of the Ciise ; evi-

dence obtained only after the individual's death,

so little marked as during his lifetime to have
been overlooked, and relating to a question at

once so obscure and delicate, can hardly fail to

be ini))erfect; but admitting that the patient

did relisli and distinguish between difterent

kinds of snuff, and tliat he was disagreeably

affected by liis neighbour's ailment, what then ?

The chief pro|)erty of common, if not of every

8nuf}°, is pungency and not odour, and the per-

ception of pungency is not the function of the

olfactory nerve; and one may be as disagree-

ably affected by a disgusting sight as by a dis-

gusting smell, and the patients of the ward not

make any distinction between the senses af-

fected, until taught by the inquiries made that

it must have been that of smell. And if the

case just quoted prove the existence in the

organ of smell of a sensibility to the impres-
sion of volatile agents independent of the ol-

factory, and conferred by the fifth nerve, the

existence of another ecjually independent of
the latter is satisfactorily established by the

continuance of smell in tliose cases in which
the faculty conferred by the fifth nerve has been
lost through disease. This may be seen from
reference to the case furnished by Beclard, and
advanced by the very advocates of Magendie's
doctrine in support of it; but tlic fact is still

more strongly established by the case some
time since published by Mr. liishop, in which,
though the fifth nerve was completely destroyed

by the pressure of a tumour witiiin the cra-

nium, and both the ordinary and tactile sensi-

bility of the same side of the face and its cavi-

ties was in consequence altogether lost, the

sense of smell continued unimpaired. In a
case of disease of the fifth nerve which the

writer has witnessed, the patient did acknow-
ledge the iK'rception of certain odoriferous

agents; but judging from it alone, he could
not say that smell was not impaired ; on the

contrary it seemed very much so, inasmuch as

the patient denied at first any perception of
tlie impression of several agents accounted
odorous, and when he did say that he smelt
these, it was not of himself, nor until he had
been jiarticularly questioned, and tlien he said
it was ' up in his head' that he felt the sensa-
tion, and positive must take precedence of nega-
tive evidence. P'urther, it is very likely that in

the case of sensations, themselves neither dis-

agreeable nor acute, the vividness of which
may depend very much ui)on association with
other and more acute ones, the former may be
disregarded where the latter have been lost,

and hence the rashness of inferring that brutes
have lost certain faculties, because in the course
of experiments they do not by the exercise of
these give evidence of their existence. The
fiict of the absence of olfactoi-y nerves in the
Cclacca as established by Cuvicr, has also led

some to the conclusion that the proper faculty

of smell may be capable of being iPtUisferred

at least to the fifth ; but until the faculty has
been proved to exist in such case, the inference

is manifestly not warranted by the premises.

It appears then that there is a distinct per-

ceptive faculty enjoyed by the nostrils, inde-

pendent of tlie fifth and dependent on the

olfiictory nerve; that we jwssess no positive

evidence of the latter nerves being in any case

tlie media by which this peculiar |>erception is

recognized, but tliat they serve for the recogni-

tion only of impressions of contact, pungency,

or irritation.

2. Relation of the fifth nerves to vision.—
That in all animals having at once the faculty

of vision and an optic nerve, the latter is ir.-

disi>ensably necessary to the exercise of tl e
former cannot be denied :—disease or division

of the nerve is uniformly attended by loss of
the function ; but some circumstances coun-
tenance the opinion that the fifth nerve pos-

sesses a more important connection with vision

than may at first apjiear. 1. Injury of the

frontal and certain other branches of the fifth

nerve has been long accounted among the

causes of amaurosis. 2. Ma;jendie has found
that " on division of the two ' fifth ' nerves

upon an ani'mal it seems blind." 3. The fact

which countenances most strongly the opinion

that the fifth nerve is concerned directly in

the function of vision is derived from com-
parative anatomy. It has been stated that in

certain animals a special optic nerve is wanting,

and the ocular nerve is derived from the fifth

pair. Of this it appears universally admitted
that the proteus anguinus is an instance ; its

eyes are situate immediately beneath tlie epi-

dermis, which is transparent* in front of them

;

the optic nerve is wanting,t and the only nerve
received by the eye is a branch of the second
division of the fifth.J Whatever vision, there-

fore, may be enjoyed by this animal, and
according to Carus§ it is considerable, must
be exerted through the medium of the fifth

nerve. Among the mammalia also are several

animals which appear to be in the same, or
nearly the same stiite ; but anatomists are not
agreed on the point : the absence of a special

optic nerve in the mole was announced by
Zinn,|| who shewed that its place was taken by
a branch of the fifth. Carus and Treviranus,

however, maintain that the optic does exist

in the animal, but that it is very minute, grey,

and capillary ; that in the same proportion

the fifth nerve is large, and that its second
division at its exit from the cranium gives

off a branch, which enters the globe of the

eye, and according to the former concurs in

forming the retina.^T Serres again positively

denies the existence of the optic nerve in the

mole, and maintains that these anatomists are

mistaken ; he slates that be has sought the

• Serres.

t Trcviranrts, Series,

t Ibid.

4 Comparative Anatomy.
h De diUcrtMitia fabrics octiti humaniet bmtoittin.

1[ Journal Complemeutaire, vol. xv.

X 2
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nerve with the greatest care in thirty or forty

of these auimuls, and never succeeded in

finding it; and also in contirmation tliereof

that the ojjtic foramen is wanting in the

sphenoid bone. According to him several

otherof the mamniatia are similarly constituted,

viz. the mus typhUis, the mus capensis, tlie

chrysochlore, and tlie sorex araneus. Of tliese

the mole, the mus capensis, and the sorex

arensis decidedly enjoy vision, the first ac-

cording to tlie observations of Geoffroy St.

Hilaire and Cuvier ; the second according to

those of Delalande, and the third according

to Serres himself; and if his view of the

anatomical disposition of their ocular nerve
be correct, the fifth nerve must in them also

take the place of the optic and serve as the

medium of sight. Treviranus, though he
maintains the existence of a special nerve in

the mole, yet says, from the disproportion

of the 0])tic and the ocular branch of the

fifth, that in that animal the latter ought or

roust have to fulfil in vision more important
functions than the optic nerve.* When to

these facts we add the view of the nervous

connections of the senses in invertebrate animals
advocated by Treviranus, viz. that the nerves of
the senses in them are all branches of the fifth

pair, the general proposition seems sufficiently

probable, viz. that the fifth nerve is capable of

acting as a medium of perception to impressions

of light. But on the one hand, until it be
proved what the exact nature of the optic

faculty is which animals devoid of a special

optic nerve possess, the question must be held

to be undecided. It may be that the faculty

is different in the two cases ; that where the

special nerve is absent, the faculty may amount,
as suggested by Treviranus, to no more than

a mere perception of light, and that the im-
pression is then not visual, but only one of

ordinary sensibility. Such a distinction, in

the sense in which that term is understood
in reference to the higher animals, is easily

conceived, and indeed is demonstrable from
the influence of light upon an inflamed or

irritable eye, and if such a distinction do
naturally exist, the apparent anomaly presented

by animals being sensible of light and seeming
to enjoy vision without a special optic nerve

will be removed, while such a faculty may
suffice fully for the condition of the animal.

Again, the evidence in favour of the opinion

that tlie fifth is directly concerned in vision

where a special nerve exists, seems altogether

insufficient. In the first place, though in-

juries involving the frontal or other branches

of the fifth nerve may induce amaurosis, it

remains to be proved that the injury of the

nerve is the cause of the disease, and that

this did not rather arise from the effect of the

injury upon other parts concerned in vision

;

a view which is greatly confirmed by the fact

that the mere section of the nerve has not

been found to occasion any such affection of

vision. In the second place the experiments

of Magendie are far from satisfactory. In

• Ibid. vol. XV. p. 210.

order to determine tlie influence of the fifth

nerve upon vision, he performed the following

experiments, from which he inferred that ihe

section of the fifth nerve destroys sight without

abolishing entirely all sensibility of the eye

for light, and suggests in explanation either

that the fifth is the medium of perception, or

that it is necessary to enable the optic to act.

After having divided the fifth pair on one

side in rabbits, he threw suddenly upon the

eye the light of a wax candle, and no effect

was produced; the same being tried upon the

sound eye, the only effect produced was move-
ments of the iris. Under the impression that

this was not sufficiently intense, he tried that

of a powerful lamp, but, even with the as-

sistance of a lens, the result was the same.

He then tried the experiment with solar light,

and by making the eye pass suddenly from
the shade to the direct light of the sun, an
impression was produced and the animal im-

mediately closed its eyelids. Such data cannot

be admitted as sufficient to justify the inference

that vision is destroyed by the section of the fifth

nerve. In the first place it is to be recollected

that the experiment was made upon rabbits, in

which Magendie has elsewhere told us that

section of the fifth nerve produces strong con-

traction of the iris, consequently great dimi-

nution of the size of the pupil : and of what
value, then, is the result that, under the in-

fluence of the light of a candle or a lamp, an
impression was not made sufficiently powerful

to cause the animal to give evidence of it?

In the second place the animal did, under all

the disadvantages, give sufficient evidence that

its vision was not destroyed ; there is, therefore,

no reason for the conclusion drawn from the

experiment related.

On the other hand, Mayo has found that

the fifth nerve may be divided within the

cranium in the cat and pigeon, and vision

continue unaflTected ; which circumstance shows
that the apparent loss of vision in the rabbit

was owing to the great contraction of the pupil,

while according to Magendie's statement there

does not remain any trace whatever of sensi-

bility to the impression of light in the eye
after the section of the optic nerve. We must,

then, conclude that the optic nerve is the

proper medium of perception to visual im-
pressions, and that the co-operation of the fifth

nerve is not even necessary to enable the optic

nerve to fulfil its function. As the instrument

of the general sensibility of the structures of

the eye, however, the fifth nerve may be the

channel through which impressions not visual,

though perhaps excited by an agent of vision,

viz. light, may be conveyed.

The conclusion thus drawn from experimental

physiology is fully confirmed in man by the

history of those cases in which the influence

of the fifth nerve has been lost from disease :

of these two have been adduced by Bell in

the Philosophical Transactions for 1823, one
from the observation of Mr. Crampton, the

other from that of Ur. Macmichael, in which
the surface of the eye was totally insensible,

whilst vision was entire ; and another, still
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more remarkable, lias l^en reported by Mr.
Bishop,* ill which tlie fimctioiis of the fifth

nerve seemed altogellier obliterated by the

pressure of a diseased growth within the
cranium, and yet the patient saw distinctly

to the last, the only derangement which oc-
curred in llie function of vision bein^ (he loss

of the power of distinguishing colours, which
appears sufficiently accounted for by a certain

degree of pressure exerted by the tumour upon
the optic nerve. Magendie endeavours to

support his views upon this and other points

connected with the properties of the nerve by
reference to a case reported by Serres, which
appears very inadequate, and will be discussed
by-and-bye.

Influence of the Jiftk nerve on hearing.—
The great affinity between the sense of hearing
and that of touch renders it more easy to

conceive liow hearing might be excited through
the medium of the fifth nerve. As we have
seen that the ocular nerve in certain animals is

a branch of the fifth nerve, so is the auditory.

Among the cartilaginous fishes there are several

instances in which this occurs. The origin of
the auditory nerve from the fifth in fishes was
first aiHiounced by Scarpa.f and by him sup-
posed to apply to fish generally. This view
is combated by Treviraims:J it is admitted
in part by Serres; he states that in osseous
fishes the auditory nerve is united at its in-

sertion with the fifth; in cartilaginous fishes,

that the auditory is sometimes confounded
with the fifth, sometimes separated distinctly

enough, as in the raia clavata. From his own
observations the writer would say, that in the
bony fishes the two nerves cannot be said to

be united or to arise the one from the other,

but only to have a common superficial attach-

ment to the medulla oblongata ; and from the
analogy of the same nerves in the higher classes

of animals, he would not admit, without
further proof, a common sujierficial attachment
as establishing identity of ultimate connection
with tlie encephalon. As to tlie cartilaginous

fishes, it appears to him that Serres has fallen

into an error with regard to the connection of
tlie auditory nerve. It appears to the writer
that the fifth and the auditory are con-
founded in the raia clavata as plainly as in

any other individual of the class ; the posterior
ganglionic fasciculus of the fifth and the
auditory nerve form one trunk for a disUince
of some lines after leaving the medulla ol>-

loiigata; they are at all events enclosed within
the same sheath : § but whether they are to be
regarded as branches of a common tnink or
not, it is difficult to decide. Tl\e weight of
naalogy is certainly opposed to a conclusion

• Medical Gazette, vol. xvii,

t De Audiiu ct Olfactu.

X Journ. Compl.
§ Serres seems to have ovrrlookcil the fact that

there exist two ganglionic fasciculi in the raia
clavata ; that he has assumed the anterior fasci-
culus to be the fifth, and described the posterior,
with which the .tudilnry is connected, as the auditory
and facial nerves ; the error will hi manifest upon
liacini; the dislributiou of the fasciculus.

in the affirmative ; and, though this were ad-
mitted, a diflt.>rence l>etwecn the auditory and
the other branches of the fifth (as supposed)
must still be admitted, inasmuch as the auditory
separates from the nerve before the occurrence
of the ganglion, and has not itself a ganglion.
On the other hand the auditory may be se-

parated from the rest of the nerve, after the

division of the common investing membrane,
with little or no laceration of fibres. Still it

may be asked why, if they be distinct nerves,

are they united into one trunk ? The opinion
that the fifth nerve holds an im[>ortaiit in-

fluence over the sense of hearing derives sup|)ort

from the circumstance, that in most, if not
all, the cases of disease of the nerve, the

sense of hearing becomes impaired, though
not obliterated.

The last question proposed to be considered

with reference to the functions of the fifth

nerve is its connection with nutrition.

The opinion that the nerve controls the

nutrition of the parts which it supplies has

been advocated by Magendie, more {tarticularly

with regard to the eye. It has been already

stated that we are indebted to this writer for

information in regard to results of the division

of the entire trunk of the nerve within tlie

cranium. Of these the most prominent is

the entire loss of sensibility on the same
side of the fiice, and in regard to the eye
especially, loss of sensibility in the conjunc-
tiva, upon which the most irritating chemical
agents then produce no impression. These
immediate effects of the section were followed
by others not less remarkable : on the next
day the sound eye was found inflamed by
the ammonia, which had been applied to it,

while the other presented no trace of inflam-

mation. Otlier changes, however, suijcrvene.

The cornea of the eye of the side on which
the section is made, twenty-four hours after-

wards begins to become opaque ; after seventy-
two it is much more so ; and five or six days
after it is as white as alabaster. On the second
day the conjunctiva becomes red, inflames,

and secretes a puriform matter. About the

second day the iris also becomes red and in-

flames, and false membranes are formed upon
its surface. Finally tlie cornea ulcerates, the

humours of the eye escape, and the globe
contracts into asmall tubercle. In endeavouring
to ascertain the cause of these changes, Ma-
gendie, on the supposition that they might
be owing either to the continued exjxjsure of
the eye to the air or to the want of the

lachrymal secretion, divided the portio dura
in one rabbit, the effect of which is to destroy

the power of closing the eyelids; and from
others he cut out the lachrymal gland ; but

in neither case did ojiacity of the cornea suc-

ceed. The sequence of the effects mentioned

after the section of the nerve might naturally

Ic.td us to infer that the loss of nervous in-

fluence gives rise to them. But such is not

the inference drawn by Magendie, nor indeed

can it be admitted : absence or subtraction

of an influence cannot be directly the cause

of an alteraliun in the condition of an object
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otherwise than by allowing it to come or return
to a state from whicli it is preserved by the

presence of the influence; and there is no
good reason, either theoretical or experimental,
for believing tliat the state induced in tlie

case under consideration is one in which the

eye would necessarily be, which, in fact,

would be natural to the organ but for the

restraining influence exerted througli the fifth

nerve.

It is easy to imagine that the absence of
such an influence should render a part slow to

take on any vital action ; though even this,

until provetl, is an assumption— an assumption
whicli we are induced to adopt from the fre-

quency witli which sensation and pain are

found associated with the establishment of cer-

tain vital processes, more particularly inflam-

mation, but which is, on the other hand, con-
tradicted by the readiness with which inflam-

mation and its consequences are excited in

parts whose nervous faculties are impaired or

destioyed by agencies which make little or no
impression when those faculties are retained,

and which must be demonstrated before admit-
ted, since it is manifest from the occurrence of
that process after the destruction of all trans-

mitted influence at least, that the principle

—

the main-spring of it must reside elsewhere;
and hence that, if in the natural state the nerve
influence the process at all by means of such a
property, it can be only in the character of a
secondary and controlling power. It does,

however, seem proved by the result of Magen-
die's experiment, that Uie interruption of the

influence did retard the inflammatory process,

inasmuch as the eye, on the side of the undi-
vided nerve, was very actively inflamed the day
after the application of ammonia to it, whilst
the other eye did not present any trace of in-

flammation ; a circumstance by the way diffi-

cult, if not impossible, to reconcile with the

doctrine that the process of inflammation is

directly influenced in either way, whether posi-

tively or negatively, by the power of the nerve

;

and further, that the division of the nerve
should diminish the vital powers of the eye,

and thereby render it less able to resist the

effects which inflammatory action tends to pro-

duce. But indeed tliere does not appear any
reason for admitting that the alterations which
took place in the condition of the eye were
produced directly by the loss of nervous influ-

ence. Having, as he conceived, disproved, by
the experiment related, the idea that the alte-

rations were owing to the continued exposure

of the eye to the air, or to the want of the

lachrymal secretion,— the only other causes

which appear to have occurred to him,—Ma-
gendie arrived at a conclusion the opposite of

that just mentioned, and adopted the opinion

that the phenomena " depend upon an influ-

ence purely nervous"* exerted by the fifth nerve

upon the eye,—" an influence independent of

the connection of the nerve with the spinal mar-

row,"
-t"
—an influence " proper to the nerve,

* Anatomie dcs Systeraes neivoiix, &c. t, ii.

p 716.

i Journal tie Physiologic, p. 304,

which has not its source in the cerebro-spinal

system, and which is even the more energetic,

the farther we remove from that system to a
certain distance," of which the following is his

proof. " Alterations of nutrition in the eye are

the less complete, the less rapid, as we remove
farther from the point of branching of the nerves

of the fifth pair, and as we cut, within the cra-

nium, the fasciculus of origin the nearer to its

insertion ; finally, the section of the nerve on
the margin of the fourth ventricle no longer

produces any alteration in the state of the

eye." * In this view there are plainly two posi-

tions advanced, viz. that the nerve does itself

exert a proper and independent influence upon
the nutrition of the eye, and that it is the sec-

tion of the nerve which causes the exercise of
that influence, or, to use his own words, which
is the cause of the inflammation, &c. That
the occurrence of the alterations in the eye, in

the case in question, is not due to an influence

exerted by the brain through the nerve, and
that it must proceed from another cause, and
that not dependent upon the connection be-

tween them, is manifest, since it is consequent
upon the interruption of that connection ; and
therefore, if the nerve do possess the supposed
influence, it must be a proper and independent
one : but are we, therefore, to infer that the nerve

does exert such an influence upon the organ ?

It appears to the writer that we cannot : for can
we suppose that the nerve is endowed with a
property to be displayed expressly under cir-

cumstances, which it is fair to say were not

contemplated in the establishment of natural

laws, viz. in cases of mutilation ? or is it possi-

ble that a separate influence can exist in the

nerve and increase in energy in projwrtion as

the nerve is curtailed ; for the nearer the section

is made to the eye, the more remarkable are

the effects; or if any other proof that the nerve

does not possess such an influence he wanting,

can we suppose that it is possessed for the eye
and not for the other parts to which the branches
of the nei-ve are distributed ? Why does not

inflammation forthwith assail the nostrils, the

mouth, and cheeks upon the mere section of
the nerve,t as well as the eye ? Manifestly be-

* Op. cit. ibid.

+ It is stated by Professor Alison, Outlines of
Physiology, p. 147, that inflammation, ulceration,

and sloughing are produced sometimes on the mem-
brane ot the nose and on the gums by section of the
fifth nerve, '* iis was first ascertained by Magendie."
The only passages approaching at all to this state-

ment, wliich the author has found in Magendic'a
writings, are at page 181, Journal de Physiologic,

t. iv, and page 717, Anatomic dcs Systemcs Ner-
veux, &f. Desmoulins et Magendie, t. ii. In the
first he says, " when a single nerve is cut, there
appear alterations in the nostrils, the mouth, the
surface of the tongue on rhat side ; the half of the

tongue becomes whitish, its epidermis is thickened,
the gums quit the teeth ; the alimentary matters
sink into llie intervals wliich are formed

;
probably

because the animals having no longer their atten-

tion attracted by the scn'^atioii of the tendency of

the matters to pass between the teeth and the
gums, push them thither witliout perceivinj^ it;*'

and in tlie second, ** a part of the broken f<Knl re-

mains on that side, betMceu the teeth and the

cheek, and its contact terminates by ulcerating the
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cause no siicli influence exists; and indeeil tlie

data upon wliich it has been assumed, instead

of proving the position, leave it precisely as it

was ; for insomucti as the occurrence of the

phenomena upon the section prove the exist-

ence of the influence of the nerve, in the same
degree does tlie absence of the plienomena

upon the section of the nerve disprove it.

But was the inflammation caused by the

section of the nerve 1 Tliis question, which cer-

tainly ought to have been determined satisfiic-

torily before a theory had been founded u[)On

the assumption, appears to the writer to have

been decided too hastily in the affirmative. If

the section were the cause, no sufficient reason

can be assigned why it should occasion inflam-

mation in one part, to which the nerve is distri-

buted, and not in another, yet such is the case;

the eye is the only part in which inflammation

su|)ervenes, either so uniformly or so quickly

as to aflbrd any ground for attributing the pro-

cess to the section. In the second place, were
the section the real and essential cause, it can-

not be supposed either on the one hand that

non-essential circumstances could influence, or

at all events prevent the effect, or on the other,

that they could produce it. Now it will pre-

sently appear that both the one and the other

may take place ; and a comparison of Magen-
die's experiments and their results would alone

suffice to shew that the real cause is to be
sought elsewhere than in the section of the

nerve. Magendie divided the nerve in three

different situations ; first, through the temporal

fossa ; secontlly, within the cranium, between
the Gasserian ganglion and the pons Varolii

;

and thirdly, at the margin of the fourth ventri-

cle ; and his own general account of the results,

which ha.s been already cited, is as follows

:

" those alterations in the nutrition of the eye are

the less complete, the less rapid, as we recede

more from the point of branching of the nerves

of the fifth pair, and as we cut, within the cra-

nium, its fasciculus of origin the nearer to its

insertion ; finally, the section on the margin of
the fourth ventricle no longer produces any
alteration." It is plain, then, that the nerve

may be cut, and the changes in the eye ensue
or not, according to circumstances to be yet

explaine<l. On the other hand, that effects

similar in kind, if not equal in degree, may be
produced by circumstances not essential to their

production,—according to the doctrine main-
tained, but incidentally associated with the

supposed cause,—that such effects may be pro-

buccal membranp." In neither of those extracts is

there mention of inflammation or sloughing ; and
the ulceration which ia mentioned, is attributed to
another cause than the section of the nerve. On
the other hand, the writer has frequently divided
the lingual branches of the fifth nerve and pre-
served the animals for months afterward, and he
has been unable to detect any change in the condi-
tion of the tongue, except this, that in some the lip
of the organ, from being allowed to remain between
the teeth, and ihtis to be exposed to injury, ulce-
rated, and this continued until the tip was re-
moved, when the extremity of the organ healed,
and it appeared to be in all other respects as
before.
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ductnl by such circumstances, when dissociated

from the other and o))erating seiKir.ilely, the

author feels justitieil in asserting, from the re-

sult of some experiments lately made by him-
self, which lead to the concltision that similar

effects may be produced without the section of
the nerve at all, and that an injury in the vici-

nity of the orbit may excite them though nei-

ther the trunk of the fifth itself, nor its ophthal-

mic division have been divided. In an endea-

vour to determine the nerves of taste, he under-

took the removal of the ganglion of Meckel
from the dog ; in order to accomplish this it was
necessary to displace the zygoma and the coro-

noid process of the jaw ; he attempted it seve-

ral times before he succeeded, and failed at

different stages of the operation ; but in almost

every instance tl)e eye of the same side became
bleareti within the next two days. The animal
kept it nearly closed : a whitish puriform mat-
ter was discharged from it, in quantity propor-

tioned to the case, which concreted between
the lids ; and the animal made no attempt to

remove the matter or cleanse the eye : the affec-

tion of the eye was always proportioned to the

violence done, and abated with die inflamma-

tion of the wound ; and in one of the instances

in which the ganglion was removed, it actually

pnxluccd opacity of the cornea, and ulceration

in that structure, which continued after the

lapse of more than a month from the operation;

yet most assuredly neither infra-orbital nor
ophthalmic nerves had been divided. Tims,
if, on the one hand, the nerve may be cut and
the changes not ensue, on the other it may be
left uncut, and the changes may occur.

It may be objected that the effiects here de-

scribed (all very far short of those which look
place in the experiments of Magendie. That
they fall short of those which occurred on the

division of the nerve in the temporal fos.sa is

quite true, but it is equally so that they far ex-

ceed those consequent upon the section at the

margin of the fourth ventricle. The objection,

therefore, would be devoid of weight, and if

we suppose superadded to the violence already

done when the nerves are not divided, the ad-
ditional violence necessarily inflicted in the

division of them, we shall have a ready expla-
nation furnished of the higher degree to which
the effects produced amount in one case than

in the other.

From the preceding considerations it appears
to the author necessary to infer, that the changes
which supervene in the eye after the section of

the fifth nerve in certain cases, take place inde-

pendently of the section, as the primary, imme-
diate, or proper cause ; for were it otherwise,

it caimot be supi)osed either that the difference

of half an inch to one side or the other, as re-

gards the ixjiiit of section, could so influence tlie

cause as to prevent or allow these changes, or

that they could occur, even in degree, without it.

How, then, are the phenomena to be ex-

plained ? It has been said by Magendie that

they are less marked the more we recc<le from
the point of branching of the nerve ; but it is

to be fiMihcr observed, that, as we recede from

the point of blanching of the nerve, we recede
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also from tlie orbit, the eye and its appendages,
and in our operation for the division of the

nerve we do less violence either in their vicinity

or actually to them, until the operation is per-

formed at such a distance from those parts,

that they are not involved in the injury inflicted.

Thus the nerve cannot be divided through the

temporal fossa without great violence done to

the parts in the vicinity of the orbit, and con-

nected with tlie eye as well as the fifth nerve,

as is evident from the result, and as has been
explained elsewhere.* In the section be-

tween the ganglion and the pons, the violence

is inflicted at a part more remote than the

former, from the orbit, &c., and here, according
to his own account, the efl^ect upon the eye

was much less considerable. But the most re-

markable fact is, that the alterations of nutrition

are much less marked than in the former mode
of experiment ; there forms only a partial in-

flammation at the superior part of the eye, and
the opacity which ensues occupies but a small

segment upon the circumference of the cornea

at the superior part ; and in the third case the

parts injured are so far removed from the eye,

—

(in dividing the nerve on the margin of the

fourth ventricle, Magendie exposed the parts by
" opening the spinal envelopes between the

occiput and the first vertebra,")— that the effects

of the injury could not, under ordinary circum-
stances, extend to it, and accordingly in it no
alteration occurred. It would seem, then, that

the great violence+ inflicted, either in the vici-

nity of the eye or actually to its appendages,
constitutes the primary and immediate cause of

the alterations which took place in the eye in

the experiments under consideration. But it is

likely they were the result of more causes than

one, for there were also engaged in the experi-

ments other agencies, the influence of which
must have enhanced greatly that of the violence

inflicted by the operation ; thus, in the first

place, in some of the instances at least,—-and

we have no evidence that it was not so in all,

—

• It is hardly pos.sible to conceive the section

effected at tlie point and in the mode adopted,
without a division of most of the nerves and vessels

fiupplying the eye and its appendages.

t A better idea of the injury likely to be inflicted

in the experiment will be formed from a brief ac-

count of the mode of conducting it. A lancet-

pointed style is driven into the cranium through
the temporal fossa and through its base, and when
carried in to such depth as the experience of the

operator teaches him to be sufficient, its point is

moved upward and downward, xiutil the lossof sensa-
tion in the superficial paits assures him thatthe fifth

nerve lias been divided. After such a proceeding the
question should rather be, wliat miscliief has not

been done than wliat has. There cannot be any
assurance that, in the division of the fiftli, the tliird,

fourth, and sixth nerves with the branches of the

sympathetic—nay, tfie optic itself—liave not been
involved : and if to this be added the almost cer-

tainty of dividing the internal carotid artery, from
which the supply of blood to the internal structures

of the eye is directly derived, and the division of
which causes the death of the greater number of
the subjects of experiment, an amount of injury

will be made out, (juite adequate to account for the
total loss of thp eye, and which must reduce the
influence of the fiftli in producing it to a low degree
indeed.

a highly irritating agent was introduced, and,

in consequence of the insensibility of the organ,

probably in considerable quantity, into the eye;

and in the second the eye was left under cir-

cumstances more than enough to excite inflam-

mation and to produce serious injury to it,

though the organ had rtmained in full posses-

sion of all those safeguards with which its sen-

sibility and the sympathetic action established

thereby between its several protecting appen-
dages naturally endow it ; for " the eye was
dry;" and " the eyelids were either widely

open and iminoveable, or else they were glued

together by the puriform matters, which were
dried between their margins;" and an organ so

circumstanced has abundant cause for inflamma-

tion, independently either of nervous influence

or of its absence. It may be said that Magen-
die has proved that neither the open state of

the eyelids nor the want of the lachrymal .secre-

tion is adequate to the effect. Admitting for a
moment that he has, he certainly has not shewn
that the combined influence of the two is inad-

equate to produce it ; but the first position is

by no means satisfactorily established; his

mode of determining the question, whether the

inflammation was excited by the eye remaining

constantly open or not, was by the division of

the portio dura, and his experiment has certainly

proved that the effect of the section of that

nerve will not excite inflammation in the eye,

but no more; inasmuch as such section does

not produce a permanently open state of the

eye : an eye so circumstanced will be closed

during sleep, and even during the waking state

it requires attention and experience in such

observations to discover that the animal has

lost the power of closing the lids by a muscular

effort of those parts themselves ; for by the sud-

den exertion of the power of retracting the eye,

which inferior animals possess to a remarkable

degree, the lids become nearly, if not quite,

closed, and the animal appears to wink as well

as before, while by rolling the eye the different

])arts of its surface are in turn brought beneath

the lids, and thus no one part is ever left long

absolutely uncovered. So great indeed is the

power which brutes possess in this respect, that

the author has seen a dog in which the portio

dura had been divided on one side, presented

for observation, and persons aware that the

nerve had been divided, yet not able to disco-

ver on which side it had been done, and even

deny that the lids were paralyzed on either side,

until something was approximated to each eye

successively, when the uninjured eye was at

once closed, but the other remained open, and
the animal appeared looking at the object,

which it was unable to exclude. It is obvious,

then, that the question has not been and cannot

be determined in this way.
To the causes already enumerated must be

added the loss of the nervous influence, for it

is not intended, in what has preceded, to assert

that the section of the fifth has no share in the

production of the changes in the eye, but only

that it is not the primary or essential cause of

them, riidirectly it must contribute powerfully

to produce and aggravate, or it may even excite
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ihcm ; for l>y destroying the sensation of the

organ, it must leave it exposed to tlie unin-
terrupted intlucnce of many irrilatinK agents,

whidi naturally would excite inHammation,
were it not that we are warne<l through the

sensibdily of the organ to avoid or to remove
them, but in every such case Uiey are the im-
mediate, and the insensibility only the mediate
cause of the cfl'ects produced, and such, it ap-

pears to the author, is the part played by the

section of the tifth in giving rise to Inflamma-
tion in the eye. It is further to be observed
that the occurrence of intlammation in the

eye in cases in which the influence of the tifth

nerve upon it had been lost, had been noticed

and given to the public by Bell prior to the

publication of it by Magendie. In the Philo-

sophical Transactions for 1823, (iVIagendie's

memoir dales 1824,) Sir C. Uell reports the

case of a jialient under the care of his colleague

Dr. Macmichael, in which the surface of the

eye was totally insensible, and the eye re-

mained fixed and directed straightforward,

while the vision was entire. " Tlie outward
a|)paratus being without sensibility and mo-
tion, and the surface not cleared of irritating

particles, inflammation has taken place, and
the cornea is becoming opaque ; thus proving
the necessity of the motions of the eye to the

preservation of the organ." And in the same
volume he reports also a case from the expe-
rience of Mr. Crampton of Dublin, bearing
strongly upon the question, because it shews
satisfactorily that the sensation of the organ,
and consequently the influence of the nerve,

niay be obliterated, and inflammation not
ensue until a stimulus have been applied,
though the conjunctiva manifestly retained its

susceptibility to the impression of that sti-

mulus. Mr. Crampton's account of the case
is as follows: " When she told me her eye was
dead, as she expressed it, to be certain 1 drew
my finger over its surface, and so far was this

from giving her pain, that she assured me she
could not feel that I was touching it at all. The
eyelids made no effort to close, while I was
doing this; but the conjunctiva appeared sen-
sible to the stimulus, as a number of vessels on
the surface of the eye became immediately in-

jectetl with blood."

Another circumstance may be advanced in fa-

vour of the opinion that die nerve influences the

nutrition of tne jiarts, to which it is necessary to

allude, viz. the wasting of the muscles of masti-
cation in cases ofthe loss of the nerve's influence.

Tliis fact may be otherwise explained ; the di»-

velopment of muscles is always influenced by
their exercise, which being lost ihey waste, and
it is neutralized by the counter-fact that, though
these masticatory muscles waste, the muscles
of the face and its other structures do not. In
fine there appears to the writer to be no good
reason for attributing to the fifth nerve a direct

influence upon the nutrition of the structures
to which it IS distributed; tlie existence of such
an influence would be incompatible with the
simplicity of natural laws, for in such case
there must be two such influences in existence,
one in the nerve directing die nutrition of the

|>urts with which it is connected, and another

elsewhere to direct that of the nerve.

Magendie confirms his view of the influence

exerted by the fifth nerve upon the functions

and nutrition of the eye, by reference to a case

published by Serres in the fifth volume of the

Journal of Physiology, which " presented all

the phenomena attending section of the fifth

jKiir, ' and in which there existed complete

alteration of the trunk of the nerve in its sen-

sible portion ; " followed by loss of sight, of
smell, of hearing, and of taste on the same
side." Before detailing this case, the writer

cannot refra n from observing that in such
cases none but unquestionable evidence can be
admitted if we would arrive at a certain and
unquestionable conclusion. Whether the ease

of Serres be such, it rests with the reader to

decide; and first, what was the condition of
the patient in other respects ? Serres replies :

" His air was dull; his physiognomy gave, at

first sight, the idea of imbecility; he seemed
to conceive slowly and to comprehend with

diflJiculty, the questions which were put to

him. When he wished to reply, it was evi-

dent that he experienced difliculty in express-

ing himself; he pronounced with difficulty,

and the litUe that he said seemed to require,

on his part, a considerable effort : his cranium
was voluminous compared to the rest of his

body ; some pupils suspecting a commencing
hydrocephalus, thought that they observed a
separation between the parietal and temporal

bones, but the prominence of the eyes made
me reject that conjecture ; die maxillary and
malar bones were a little separated, which
had produced a flattening of the nose ; the pa-

tient had some difficulty in moving the tongue;

the motions and sensibility of the limbs were
not affected, only he moved tlie lower extre-

mities less freely than the upper ; he had been
for some time subject to epilepsy; he had a
sister deaf and dumb." A case so complicated

as diis, in which there manifesdy existed ex-

tended disease of the encephalon, must be
rejected as altogether inconclusive. But to

proceed, the patient was admitted into hospital

in September 1823 : at his admission he had a
chronic ophthalmia of his right eye, which was
considered scrofulous. In the course of De-
cember he was attacked by an acute ophthalmia

of the same eye, attended by adcma of the lids,

and commencing opacity of the cornea; the

ophthalmia was dispersed after ten or twelve

days ; but the cornea was rendered altogether

opaque throughout its whole extent ; of course

the loss of vision on that side was the neces-

sary result. In the course of January 1824 it

was observed dial the right eye was insensible,

and soon after that the eyelid and nostril of the

same side were also insensible, and likewise

the tongue on that side, while all was natural

on the other; soon after the gums inflametl

ii])on the right; they were red, some white

places existed here and there, they were swollen

at the circumference of the sockets ; the tongue

moved always with difficuliy; the hearing wa.s

not then affected ; in July ihe afl'ection of the

gums extended to the left side, but the right
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was always more affected than the left. During
August the gums became separated on the

right from tlie necks of tlie teeth ; there existed

between the latter and the gums spaces into

which tartar and portions of food had pene-

trated ; the patient suffered from the epileptic

paroxysms with variable degrees of severity :

he next fell into a general cachexy, with extreme
debility, impeded respiration, small frequent

pulse, great alteration of countenance, and un-
usual taciturnity. It is stated that in August
he acknowledged deafness on the right, which
diminished and again increased ; the sensibility

was perfectly preserved in all the extent of the

right side of the face ; the patient died on the

12th of August. Uoth the brain and the fifth

nerve were found after death much diseased,

the brain on the left and the nerve on the right

side.

The details of the case have been given more
at length than may perhaps seem necessary, but
the question is interesting, and as the bearing

of the case upon it could not be determined
otherwise, the writer has endeavoured to

give them faithfully. The difficulty of obtain-

ing precise knowledge from so complicated a
case has been already adverted to. We come
next to inquire how far it substantiates the

writer's views, or how far it can be considered

to establish the opinion of Magendie. Serres,

as has been already stated, announces it as an
instance of disease of the fifth nerve followed

by loss of smell, sight, hearing, &c. Surely

the loss of these several functions, thus an-

nounced, should have been satisfactorily esta-

blished, before asserted ; but such does not
appear to have been the case. For the first,

notwithstanding the announcement, we find

Serres himself, after the patient's death, ac-

knowledging, " toutefois i'odorat n'avait pas

completement disparu, puisque,"* &c. The
sense of smell then plainly was not lost. In
the next place there was loss of vision, but
from what cause ? from opacity of the cornea,

and, so far as we have data for forming a

judgment, from it alone. We have no reason

to think that any alteration had been jiro-

duced in the power of the eye to receive

sensations of light, any disturbance in the

function of the retina, or any other change
than the occurrence of a physical impediment
to the exercise of a function, which the organ

may have retained in full vigour, had it only

been allowed to exert it: the evidence, there-

fore, afforded by the case, is too imperfect to

be of value.

Let us next inquire how far it bears out the

opinion that the fifth nerve possesses a proper

and direct influence upon the nutrition of the

eye : here we shall find ourselves equally at

fault for the resemblance which it has been

sought to establish. In ISIagendie's experi-

ments the section of the nerve preceded the

occurrence of the phenomena, and it is reason-

able to expect, that, here, the loss of sensibi-

lity, which we are to regard as the analogue

of the section, should have preceded the oc-

• Journ. lie Phys. t. v. p. 245.

currence of the inflammation of the eye ; but
no. The patient had a chronic o])hthalmia, con-
sidered scrofulous at the time of his admission;
(he was admitted in September, and in De-
cember he was attacked by acute ophthalmia,
attended by oedema of the lids ; a circumst;ince

not noticed in any of Magendie's experiments;)
the inflammation was dispersed, and in the

course of January, and not till then, (i.e. four

months after his admission and about one after

the occurrence of the second inflammation,)
the insensibility of the eye was for the first

time observed. Surely we have no reasonable

grounds here for attributing the inflammation
of the eye and the opacity of the cornea to the

disease of the nerve, or for supposing that there

existed any connexion, in the relation of cause
and effect, between them. If we seek for a
resemblance in other points, we shall be equally

disappointed. It has been already remarked
that oedema of the eyelids, which occurred in

this case, is not one of the phenomena of

Magendie's experiments. Again, the affection

of the gums related is altogether unlike : in

Serres' case they are stated to have become
inflamed, and to have been affected on both
sides, only more on the right than on the left

;

in Magendie's it is simply staled that they

separated from the teeth and only on the side

on which the nerve had been divided ; and,
lastly, the continuance of sensibility ujwn the

right side of the face throughout casts an im-
pervious obscurity over the entire.

Besides those effects of the section of the

trunk of the nerve which have been discus-

sed, there are others, for which we are in-

debted also to Magendie, and which deserve
notice.

He found after the section of the nerve that

the eye was dry, and the motion of winking
had ceased ; the globe of the eye itself seemed
to have lost all its motions ; the iris was
strongly contracted and immoveable. The loss

of sensibility in the conjunctiva, and the sus-

pension of the secretion of the tears, he refers

to the loss of the influence of the fifth nerve
upon the former part and upon the lachrymal
gland : the explanation of the first is in accor-

dance with the previously established proper-
ties of the nerve as already ascertained by Mayo,
but it is not equally so that the secretion of
the lachrymal gland is directly controlled by
the same influence, and it remains to be deter-

mined whether the effect in this c;ise was not

an indirect one, consequent upon the previous

insensibility of the conjunctiva. The other re-

sults of the section-—the immobility of the

eyelids, that of the eye, and the permanent
contraction of the pupil—he has not satisfac-

torily explained : the immobility of the lids

may, it appears to the author, be attributed

with much probability to the insensibility of
the conjunctiva or of the internal structures of

the eye, and seems a likely consequence there-

of: the ordinary action of winking would seem
to be called into play through the sensations of

those structures, and the cessation of that

action upon the loss of their sensibility is as

natural a.i effect as the immobility of the lips
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oil tlie contact of food consequent upon tlie

division of the infra-orbital and inferior maxil-

lary nerves : and this view derives confirmation

from the circumstance tlial in the instance

under consideration the immobility of the lids

is not the consequence of paralysis, for on the

sudden admission of solar light into the eye,

the action of the muscle was excited, and the

eyelids were closed. The immobility of the

eye itself the author cannot but regard as an
incidental circumstance, caused by the com-
pliciilion to which Magendie himself refers,

viz. the division of the motor nerves of the

eye along with the fifth, and this explanation

is rendered more likely, if not confirmed, by
Ihe effect of die section when made between

the ganglion and the brain, in which case the

motor nerves are not involved, nor the motion
of the eye affected. It is to be regretted that

Magendie has not given a report of a dissec-

tion after death of some of the animals upon
which the former exiieriment had been per-

formed, by which tne question might have

been determined. The permanent contraction

of the iris is an extraordinary and as yet unex-
plained effect : it occurred only when the

experiment was made upon rabbits, and is

at variance with the results of similar experi-

ments upon other animals, performed both by
Mayo and by Magendie himself. In Mayo's*
experiments, which were done upon pigeons,

in no instance was contraction of the pupil

caused by division of the nerves connected
with die eye or its appendages. When the

optic nerve was divided, the pupil became fully

ddated. When the third nerve was divided,

the same result ensued ; and when the fifth

was divided, the iris contracted as usual on the

admission of light; in Magendie's experiments
again upon cats and dogs the pupil was en-

larged.-f- The fact is, however, confirmed by
Mayo, who found that when the fifth nerve

was compressed in a rabbit after death, the

pupil iK'came contracted slowly and gradually,

and then slowly dilated ; and when the nerve

was divided, the pupil became contracted to

the utmost, and remained so. A correspond-
ing difference between the conditions of the

piipil after death in the subjects of experi-

ment has been observed by Mayo, according
to whom in the pigeon and cat it is naturally

dilated, but in the rabbit, on the contrary,

contracted.!

It has been already stated that Magendie
divided the nerve witliin the cranium both
after and liefore the occuiTcncc of the ganglion :

in the latter case—when the section is made
between the ganglion and the brain—the re-

sults are different in some remarkable respects

from those attending the section in the former

:

the effect upon the senses is equally marked
;

but the motions of the globe of the eye are
preserved almost always, from which the author
would infer that die loss of those motions in

t!ie former must have been caused by the divi-

* Comment, part ii, p. 4, 5,

f Jouruiil, I. iv. p. 309.

J I'hjsiology.

sion of the motor nerves along with the fifth,

by die side of the cavernous sinus ; and also

the changes which occur in the tissues of the

eye are much less considerable ; the infiamma-
tion and oiiacity ensue, but not to the same
extent.

Another very remarkable result of the sec-

tion is displayed in the animal's mode of pro-

gression as related by Magendie :
" when the

two nerves are cut upon an animal it seems
blind, and its mode of progression is most sin-

gular ; it advances only with the chin leant

strongly upon the ground, pushing thus its

head before it, and using it as a guide as the

blind does his staff: the progression of an
animal in this state differs altogether from that

of an animal simply deprived of sight ; the

latter guides itself easily by means of its

whiskers, and by the sensibility of the skin of
its face ; it stops at hollows, feels obstacles,

and, in fine, it would be difficult to know
whether it is blind or not ; while the animal
whose fifth nerves have been cut has but one
mode of moving, and instead of avoiding

obstacles, it persists often in pushing against

them for several hours, so as finally to exco-

riate the skin of the anterior part of the

head."'
This account, which is well calculated to

excite at first extreme surprise, is after all

strictly consistent, and illustrates strongly tlie

importance of the nerves in question : in fact

to the animal so circumstanced the head and
face must be as a part which it does not jiossess,

or rather of which it has been suddenly deprived,

and which it yet believes itself to retain ; it can
have no consciousness of their existence, while

from habit, memory, and ignorance of the real

condition of the parts, it yet believes them to

be present, and to exercise all their usual func-

tions. Thus the human being whose limb has

been removed without any knowledge of what
has actually occurred believes that he still pos-

sesses it, acts as if he did, and is only con-

vinced of his loss by the evidence of the senses

of sight and touch. In like manner the ani-

mal acts under the impression that it still

possesses its ordinary faculties, and being
altogether unconscious of the contact of ob-
stacles in consequence of its loss of sensation in

the part which encounters them, it acts as if it

were not in contact with them, and endeavours
still to advance, while it is unable to make
use of sight, if this faculty be retained, as a

a guide, because it has lost the correcting and
regulating assistance of the sensation of its

face as exercised through its whiskers ; and
hence it does not apjiear to the author that the

apparent blindness of the animal proves real

blindness. Unassisted sight cannot teach us

the distance of objects ; and the animal sud-

denly deprived of die faculty of sensation may
see the object, but not lieing made aware of its

contact, must suppose that it has not reached

it, inasmuch as the usual notice of its presence

is not given by the sensibility of the face.

Lastly, when the nerves have been divided

* Joum. de Pbys. I. iv. p. 181.
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upon botli sides, the lower jiiw ceases to be
supported by its muscles, and falls.*

Ivjiuencc »/' discmc on Ike functions of the

nerve.—The inferences drawn from the anatomy
of the nerve and from physiological experiment
conjointly have been contirmed in a remarkable
manner by the effect of disease of the nerve
upon the functions of the parts to which it is

distributed ; several instances have been put>-

lished exemplifying either partially or com-
j)letely that effect, when, whether from disease
of the trunk of the nerve itself or from pressure
upon it, its office has been interrupted, all the

Earts supplied by it are deprived altogether of
oth their tactile and ordinary sensibility : this

loss of sensibility extends to the whole of the

corresponding side of the head so far as the

distribution of the nerve reaches to the fore-

head, temple, ear, surface of the eye and its

appendages, cheek, nostril externally and inter-

nally, lower part of the face, lips, and mouth,
the corresponding half of the tongue, of the

palate, and the fauces ; upon all these parts the

roughest contact produces no perceptible im-
pression ; inflammation is not attended by
pain, the most pungent or irritating effluvia do
not affect the nostril or the conjunctiva, and
the sense of taste is altogether lost in the ante-
rior part of the same side of the tongue : at the
same time the muscles of mastication—the ex-
ternal ones at least—lose their contractile power,
remain inactive during the process and waste,
whence are produced a flattening and depres-
sion in the site of the temporal and masseter,
with prominence of the adjoining points of
bone : however the special senses continue un-
affected apparently, unless in so far as the sense
of contact may be necessary to the perfect or
ordinary fulfilment of their function, the olfac-

tory function seems much im))aired ; the |)a-

tient is insensible to the impression of ammo-
nia, snuflf, or other pungent agent, but still ac-

knowledges a perception of odour. Vision
continues throughout, and appears unaf-
fected, unless from the supervention of in-

flammation, by which the eye may be spoiled,

or from the extension of the disease to the optic
nerve or the brain : in the case before alluded
to, which the author has witnessed, vision re-

mained perfect for a considerable time ; amau-
rotic .symptoms supervened during the course
of the dist'ase ; but even after tlie occurrence
of opacity of the cornea in consequence of in-

flammation, the patient could still distinguish

light. Hearing appears to have been affected

in most, if not all the cases, in which the dis-

ease had attained a considerable degree ; it was
so in the case seen by the author ; the sense of
contact would seem associated with the perfect

exercise of the sense. The facial muscles re-

tain their contractile power ; in the instance

alluded to, though the temporal and masseter

seemed quite paralyzed, the buccinator acted
with energy as ascertained by holding the cheek
between the finger and thumb during its con-
tractions ; the slight want of adjustment, which
may occur about the mouth, seems caused by

* Magcndic, Bell.

tlie want of sensation in the lips. Lastly, in

all such cases the eye of the affected side is

liable to have inflammation excited in it by
incidental causes ; (or the most |)art this occurs

at an advanced stage of the disease, and can be
referred to some exciting cause ; it is attended

by but little, if any pain, and opacity of the

cornea is an usual result.*

(For the BiBLloGRAPHV see Nerve.)
(B. Alcock.)

FCETUS, Gr. xvnf/,a ; Fr. Jatits ; Germ.
die Fruclit ; (normal anatomy). See Ovum.

FOETUS (abnormal anatomy). Considering
the peculiar circumstances of the f<Etus in utero,

we would, at first sight, be inclined to suppose
that, although of course exposed to the risk of
injury from accidents or diseases occurring to

the mother, it would not be liable to many or

serious accidents of its own ; nevertheless, ob-
servation and experience soon reveal to us a
very different state of facts, and force upon us
the sad truth that the seeds of life are often

sown adulterated with those of infirmity and
decay, that disease may mutilate, and death

destroy, even before our entrance into life; for

as far as investigation has enabled us to reach,

we have reason to believe that the child before

birth is not only liable to certain affections

which may be considered peculiarly its own,
but is also subject to almost all those which
affect the adult.

Of these affections some appear to be, 1.

strictly innate in the constitution of the foetus;

2. some communicated by infection from the

mother's system ; 3. some from the father's sys-

tem, or perhaps through that of the mother,

she herself not being the subject of the affection

entailed, as in certain forms of syphilis, scrofula,

and small-pox ; 4. some, from strong mental
impressions on the mother; 5. some, arising

from morbid alterations in the envelopes of the

ovum, the placenta, and cord, or in the uterus

itself; 6. some, from tlie influence of external

agents, as falls, blows, pressure, &c.
The investigation of these abnormal con-

ditions is invested with a deep interest, not

only as an important pathological inquiry,

but as conducive to the adoption of mea-
sures calculaled to be beneficial to both mo-
ther and child ; to the child, by suggesting

the strong necessity for preventing the exposure
of the mother to influences likely to aflTecl tlie

welfare of her unborn offspring, as well as for

removing their effects by proper remedial
means : and to the mother, by affording us
occasionally information of the existence of
diseased taints in her system, of which we
might otherwise long remain ignorant ; or by
guarding her against the ill effects of unhealthy
states of the child ; for, although each indivi-

dual has a separate existence, there is at the

* Mayo, Commentaries and Physiology ; Bell,

Philosoph. Transactions and on "Nerves, 1B30

;

Serrcs, Journal de Physiologie, t. viii ; Noble,
Medical Gazette ; Bishop, Medical Gazette, vol.

xvii.
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same time a very close and intimate mutual
dependence of llie one on llie oilier; and, con-
trary to what we would at fii'st expect, the

health of the mother is more apt to sufler from
morbid conditions of the fottus in utcro than is

the latter to be injured in its developement by
the stale of the mother's system. ITius we see

how great a disturbance is often caused m the

maternal system by a blighted ovum, or a dead
and putrid fcEtus ; while, on the other hand,
we frequently observe that women in states of
the most infirm health,* both mental and bo-
dily, nay even when sinking under the ravages

of some wasting disease, or depressed and worn
out by mental suffering, by want of food or ex-

cessive fatigue, give birth to full-grown and
well-thriven children.

The affections to which the foetus is liable

vary not a little according to the period of its

existence at which we consider it ; during the

earlier periods, when the formative process is

in most active operation, and the developement
of the different organs is proceeding rapidly,

many important and remarkable organic altera-

tions take place ; some from arrest of develop-
ment caused by imperfection in or morbid
alteration of the structures of the ovum ; some
by destruction of parts already formed, by
atrophy or inflammation, or both conjoined

;

some by the effects of excessive secretion and
the consequent unnatural distension, &c.

;

while those affections, to which more strictly

belong the name of diseases, affect the more
matured foetus, whose organization approaches
more closely that of the new-born chila.

In order to give a full account of the morbid
and abnormal conditions of the foetus, we
should embrace also those of its appendages
or surrounding structures of the ovum ; these,

however, will be alluded to at present only so

far as is absolutely unavoidable, as they will

receive full consideration in the articles Ovum
and Placenta : and in like manner several

varieties of malformation will be with more
propriety described under the head of Mon-
STHOsn Y, while others will be found under the
account of tlie different organs concerned.
The germ, even before its vivification in the

ovary, may have a morbid taint communicated
to it from the system of the female in whom it

resides, or from that of the man with whom she
coliabits, so that the tendency to disease or
malformation sometimes precedes the first im-
pulse that leads to the esutblishment of life.

Another source of abnormal conditions in the
foetus occurs in the cohesion or intus-susception
of germs, in consequence of more than one
ovulum being contained within the same vesi-
cle ; under which circumstances unnatural
union may take place between two foetuses,

and give rise to the production of such anoma-
lies in organization as the Siamese twins, or to
other forms of fiEtal duplicity, more or less re-
sembling the remarkable instance represented
in llie annexed sketch of two children born a

• Sec several instances recorded by Mauriceau,
Malad. de« femines grosses, vol. ii. obs. 439 497
530, 822, 629, 656.

few years since at Boyle, in the county of Ros-
common.

Fig. 146.

Tliey were bom alive, and lived (or more
than a week ; after death they were sold to the
College of Surgeons in Dublin, in whose mag-
nificent Museum a preparation of their skeleton
is preserved.* The writer lately received from
the President of the College of Physicians, Dr.
Croker, two hen's eggs united at their end by
a connecting stalk as thick as one's little finger,

which, in common with the two eggs, was
covered by a tough white membrane.

From intus-susception of one germ within
another, arise also some very singular pheno-
mena, such as the existence of perfect teeth set

in bony sockets, long hair, &c. in situations

far remote from those in which such structures

are naturally formed ; and the still more extra-

ordinary fact of foetuses being found within the
bodies of males ;+ facts which, in the opinion
of the writer, can be explained only on the
supposition of original intus-susception of
germs, constituting that abnormal condition
which has been called monstrosity by inclu-

sion ;I an accident which appears to be by no
means confined to the germs of the mammalia
nor even of the animal kingdom. The writer

has in his museum a small egg about as large

as a gooseberry, which was found within ano-
ther egg of the common hen, which also oc-
curred to Harvey,§ who says, " I have seen an
exceeding small egge, which had a shell of its

own, and yet was contained within another
egge, greater and feirer than it, which egge also

had a shell too. And this egge I shewed King
Charles my most gracious master in presence

* See also case by Dr. Alcock in Dublin Medical
Essays, vol. ii. p. 33, and Hall on the Csureao
operation, p. 470.

t Med. Chir. Trans, vol. i. p. 234, case of a
foetus found in a young man, by Nathaniel High-
more, 1815.

} See Archives Gen6ralesde M^decinc, torn. vii.
p. 355.

$ Exercitation xi. pp. 50, 51 ; Em's tramlalion.
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of many others ; and that very year cutting up

a hu^e lemon, I found another, small, but yet

a perfect lemon in it, which had also a yellow

rind."

Many other instances of anomalies resulting

from cohesion and intus-susception,* might be

referred to, but they will find their place with

more propriety under the article Monstrosity.

Mislocation of the germ during its growth

and development is well known to be produc-

tive of serious consequences, not only to the

foetus, but unfortunately involves great danger

to the mother also, as in those instances in

which it has been developed in the ovary,t the

Fallopian tube, the cavity of the abdomen, or

in the substance of the uterus constituting in-

terstitial pregnancy.
J:

Atrophy.—A very common occurrence to

the foetus in utero is atrophy, or a complete

arrest of gro%vth from disease attacking its en-

velopes, especially the placento or cord; in

which case, a deficient and unhealthy supply

of nutrition is furnished to the child, which

either perishes completely or has its develop-

ment retarded to such a degree, as not to pre-

sent dimensions or characters corresponding to

perhaps half the period that has really elapsed

since conception ; as happened in the follow-

ing case : a lady who menstruated in the last

week of July, began about the middle of

August to exhibit unequivocal symptoms of

pregnancy, which proceeded regularly till the

middle of October, when indications of threat-

ened abortion appeared, with pain, and the re-

peated expulsion of large coagula and sulv

stances of various appearances. After this, the

previously existing symptoms of pregnancy en-

tirely disappeared, and it was supjwsed that

miscarriage had occurred and that the ovum
had escaped, unnoticed, amidst the masses of

coagula. The lady resumed her ordinary habits

and went into society as usual, without expe-

riencing any uneasiness or unhealthy symptom,

except irregular uterine discharges, which were

supposed to be menstrual : so matters proceed-

ed until the 7th January, when, after a long

drive, she was seized with periodical pains ac-

companied by smart uterine hemorrhage, in

consequence of which I was sent for. I found

the OS uteri open and an ovum partly protruded

through it, this I succeeded in disengaging and

bringing away ; on examination it presented

the general appearances as to size, form, and

growth of the foetus, of an ovum of less than

two months, but the placenta was as large and

as much formed as it should be at three months,

and was moreover quite unhealthy, being

throughout affected with what is usually called

the tubercular state of that organ ; tlie foetus

seemed perfectly healthy, but very small ; and

the umbilical cord was only about half an inch

in length, much hypertrophied, being sud-

denly enlarged on leaving the placenta, to three

• See Dublin Journal of Medical Science, vol.iv.

p. 294, and as before note \.

t See Dub. Med. Joum. vol. ii. p. 185.

X See a full account of this subject in Memoircs

by Breschet and Geoffroy St. Hilairc; Repertoire

Generalc d'Analomic, &c. No. 1. pp. 72, 75, 91.

or four times its natural diameter, and aiain as

suddenly contracted almost to a thread, where

it joined the abdomen of the foetus. See sub-

joined sketch, of the natural size.

Cruveilhier* relates the particulars of a case

in which the effect of disease of the placenta in

producing atrophy of the fojtus was strikingly

shewn in twins at the sixth month, one of whom
possessed the full development and characters

belonging to that period, but the other, whose

portion of the joined placentae was thin and un-

vascular, presented a size corresponding to not

more than three months, as shewn mfig. 148.

In another case, formerly under the writer's

care, the foetus expelled at the ninth month had

only grown during the first three.f

Such cases as the above possess an interest

and a demand on our attention of a very im-

portant kind, as illustrative of the necessity for

carefully examining into the state of the fcetal

appendages as to their healthy condition or

otherwise, before we venture to pronounce an

opinion on the time that has elapsed since con-

ception, merely from the size or general aj)-

pearance of an ovum or foetus shewn to us ;

for here we have, in one instance, an ovum, the

size of which and that of the contained foetus,

would indicate a period of two months' preg-

nancy only, whereas jive months had really

elapsed from the time of conception, for the

parties had not cohabited since the time of the

threatened abortion ; and in the other case an

ovum of three months' growth is expelled nine

months after conception. Now, in either case,

had the husband happened to die, or to have

» Anatomic Patbologique, liv. vi. pi. vi ; sec

also Graetzer, die Krankheitcn des foetus, p. 83.

t See my Kxposiiion of the Signs of Pregnancy,

&c. pp. its, 7, and also pp. 210, 11, and 259, (JO,

of same work.
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Fig. 148.

gone from home, shortly after the time of con-
ception, and tlie accident to have occurred in

the same way, the female miglit have sustained,

tliough most unjustly, a severe injury to her

reputation.

Hernia.— Hernia is a very frequent occur-

rence in the foetus, especially at the umbilicus,

where, in the earlier i)eriods of foetal life, tlie

anterior wall of the abdomen is deficient and
the intestines covered by the expansion of the

sheath of the cord, into which they project, in

some instances considerably ; of this there are

several specimens in the writer's museum ; not

unfrequcnlly this natural deficiency remains
lip to the time of birth, and congenital umbi-
lical hernia is found in the child.

In the simpler forms of this affection the her-

nial sac contains intestine only, but in other

instances which have occurred to the writer,

some of which also he has preserved, it con-
tains the liver and stomach in addition to

almost the whole tract of intestines : such ag-
gravated forms are m general connected with
other malformations, such as spina bifida, spon-
taneous amputation, &c. which combinations
are noticed under their respective heads in the

present article. In a specimen which occurred
recently in the writer's practice the liver was
protruded into the sheath of tlie cord, but all

the rest of the abdominal viscera were con-
tained in the natural cavity. Inguinal hernia
sometimes exists before birth, but is rare. Her-
nia cerebri is noticed elsewhere.

Diaphragmatic hernia, or protrusion of the

intestines through the diaphragm into the ca-

vity of the thorax is of rather rare occurrence,
or |>erhaps, more proiK-rly speaking, is less

frequently observed, because it presents no
external physic-al alteration of form to attract

attention.

Like umbilical hernia in the foetus, it Is the
result of incomplete developement, because in

the earlier periods of fiEtal life the diaphragm
does not exist, and the thoracic and abdominal
cavities are one ; and as the muscle afterwards

liecomes developed from its circumference to-

wards the centre, there occurs occasionally an
arrest of formation, and in consequence an
aperture is left, through which the intestines

and other abdominal viscera, as they increase

in size, pass into the cavity of the thorax, dis-

placing the heart and lungs, tlie latter of which
organs are thereby frequently so pressed upon
that their developement is prevented, and there

is sometimes but a very small portion of them
discoverable, especially of the one at the side
where the hernia principally exists; which, in

a vast majority of^ the cases which have been
met with, has been tlie left, and then the heart

has been pushed over to the right side, where
its pulsations in children bom alive have some-
times given the first intimation of the existence

of the lesion under consideration. In general,

children so affected in utero have been either

still-bom, or have died very soon after birth, a
consequence which it appears reasonable to

suppose resulu from the state of the lungs.

But in some instances tlie children have sur-

vived under such circumstances. Uecker saw
one that lived five years; and in a case re-

corde<l by Diemerbroeck, where the diaphragm
was entirely absent, the child lived seven years,

annoyed only with a frequent cough. Hiviere
and J. L. Petit mention instances of life much
more prolonged, in the same condition.

The writer has before him a beautiful speci-

men of this abnormal condition, for the opiior-

tunity of examining which he is indebted to
Dr. E.W. Murphy, as well as for permission
to have a drawuig taken fit)m the preparation

in his possession. {Seefig. 149.)

The opening in the diaphragm in this case is

at the left side, rather anterior to and to the

left of that which naturally transmits the

oesophagus, and appears to arise in this case

from separation of the fibres of the muscle ; a
very large quantity of the small intestine is

lodged in the left side of the thorax, from
which the heart is pushed away over to the

right; the right lung, which lies behind the

heart, is natural in structure, but the left does
not equal in size half the kernel of an almond,
and does not possess the natural pulmonary
structure, but appears nearly as solid as the

liver. T\\e stomach, spleen, and liver were in

their natural situation. The child had also a
spina bifida tumour which covered the whole
of the s.icrum, and deformity of one hand,

the thumb of which was attached by a small

pedicle to the side of the index finger. In a
case related by M. le Docteur Anthony,* which

occurred in his practice, the child, which lived

* See Journal Hcbdomadaire. Fevrier, 1835.
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Fig. 149.

Diaphragjtuiiic Hernia,

a. The heart, b, b. The intestines which had
passed through the diapliragm and occupy the left

side of tlie thorax, displacing the heart, c, c. Por-

tions of intestine below the diaphragm, d. The
stomach, e. The liver.

half an hour, had no external appearance of

any thing abnormal; but, on examination after

death, the left side of the diaphragm was

found not to exist, and the small intestines

and spleen were contained in the thorax ; in all

other respects the condition of the child exactly

resembled that described above.*

Hernia cerebri or encephalocele.—Tlie af-

fection to which these names are applied is not

of unfrequent occurrence in the foetus. It con-

sists of a tumour protruding from the cavity of

the cranium through an aperture in the bony

structure, covered externally by the integuments,

lined internally by the dura mater and arach-

noid, and containing portions of the cerebrum

or cerebellum, together with serous fluid, with

which the cerebral structure is in general infil-

trated and softened down ; sometimes the con-

tents of the tumour appear to be completely

fluid.

This affection is most frequently situated on

some point of the central line of the head,

commencing at the root of the nose and ter-

minating at the foramen magnum of the occi-

pital bone ; these being the situations in which

the foetal head, during a considerable period,

consists only of membrane; the writer has seen

it in the centre of the forehead at the anterior

and posterior fontanelle and in the centre of

the occipital bone. According to the observa-

tions of Mr. Adaras,t the tumour is most fre-

quently situated at some point in the middle

line of the proper occipital portion of the os

• For other instances of this affection, see Ar-

chives Generales, torn. vii. p. 142. Transactions

Medicalcs, torn. xii. p. 359.

t Sec an excellent paper by him in the Dublin

Medical Journal, vol. ii. p. 321.

occipitis, as in Dr. CoUins's case, to be noticed

presently; but it has happened to the writer to

observe it more frequently in the other situa-

tions above mentioned. In one of the cases

related by Mr. Adams, it occurred just over

the right eye, and the subject of it had reached

his twentieth year when the account of his case

was published. (See Jig. 150.)

Fig. 150.

In such instances the bony vault of the head

is usually much smaller than in ordinary cases,

being proportioned to the diminished quantity

of its contents, and the sutures and fontanelles

are found closed.

In the first case of this affection which came
under the writer's notice, a tumour, about the

sire and somewhat of the shape of a fresh fig,

hung from the centre of the child's forehead

down over the face; it was only partially filled,

and apparently with a gelatinous fluid ; when
compressed towards the forehead tlie contents

were diminished, but, in the same proportion,

the child appeared distressed, and the features

began to be distorted, the vault of the cra-

nium was in a great measure deficient of its

proper developement, the parietal and frontal

bones rising very little above the base of the

cranium, when they turned over to form the

roof of the skull. The child did not present

any other external deviation in form ; it lived

ten days, taking food, digesting, and perform-

ing the other common functions like otiier chil-

dren, but then pined away and died. On exa-

mination after death, it was found that the

bag which had protruded and hung over the

face was lined by the dura mater and arachnoid,

that the cerebrum was entirely absent, as was

also part of one side of the cerebellum ; the

aperture in the frontal bone, through which the

hernia passed, was situated just over the root

of the nose, in the line of the suture, was about

three-sixteenths of an inch in diameter, and

with smoothly rounded edges; the sutures and

fontanelles were quite closed up. M. Moreau,
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not long since, presentvd a nearly similar case

to the Academy of Surgery at Paris.

In another case, the cast of wliich was sent

to the writer by Dr. Gason of Kiniiskerry, the

hernia a|ipears to have taken place at the ante-

rior fontanelle. J. Cloquet met with u case

where it protruded through tlie posterior fonta-

nelle.* A remarkable case of tliis affection,

occurring in a very unusual situation, was ob-
served at the Hotel Dieu at Paris : a child of
about a year and a half old was admitted on
account of a small tumour, supposed to be a
ganglion, about as large as a nut, and situated

at the root of the nose, exactly under the nasal

process of the frontal bone. At birth it had
been only as large as a pea; It was increased in

size, and became redder when the child cried;

the child was very irritable; pressure on the

tumour gave pain, and produced a general

agitation. Dupuytren suspected that the tu-

mour was fonned by a prolongation of the

brain through some congenital opening in the

base of the skull, and on consulting with M.
Ureschet, the latter declared that he had met
with a precisely similar case, in which, on
dissection, he liad found that the tumour was
formed by a portion of one of the anterior lobes

of the brain, which was prolonged through a
slit in the centre of the ethmoid and sphenoid
bones down to the root of the nose.t

As tumours of a very different character

are frequently observed on the foetal head at

birth, it is of consequence to be satisfied of
the diagnostic characters of the encephalocele,

which is at first a rather tense, smooth, and
semitransparent tumour, giving generally a
more or less distinct sense of fluctuation ; it

aflerwards collapses and becomes wrinkled and
smaller in dimension ; the integument over it

is thin but not discoloured, not unfrequenfly
pale : in shape the tumour is globular or oval,

and frequently tapers to a neck where it issues

from the head, (see Jig. 151,) at which point a
circular aperture can be detected in the bone,
the edges of which are in general smoothly
rounded off; the tumour is not painful, but, if

it be compressed by the hand, so as to cause a

r^. 151.

La Liuicctte FraD9ai9C;

VOL.
IVliars, 1835.

considerable diminution in its volume, the child

appears to suffer much distress, sometimes
has the features slightly convulsed for the mo-
ment, and is rendered stupid and paralytic, as

under other circumstances of cerebral oppres-
sion ; pulsations are to be felt in the tumour
synchronous with those of the heart; and,
lastly, the volume of the tumour is suddenly
increased by any effort on the part of the child,

as by coughing, straining, crying, &c.
Most children so aft'ected are either still-

bom or live but a very short time; to this,

however, there are exceptions; one has already

been mentioned, another has been related on
tlie same autliority,* and Guyenot brought
before the Royal Academy of Surgery in 1774,
a man of thirty-three years of age, with ence-

phalocele in the forehead, who had never ex-

perienced any disturbance of his intellectual

faculties. Lalleroand attempted to remove a
tumour from the occipital region of a young
woman of twenty-three, under the idea that it

was a wen; but unfortunately, on attempting
to operate, he found that it was an encephalo-
cele ; inflammation ensued, and the patient

died.

Spina bifida.—An affection in many respects

analogous to that just described to which the

foetus is liable, is that which has received the
name of spina bifida, and consists of a tumour
situated on some part of the spinal column,
most frequently over the lumbar vertebrse, but
it may be found at any point along the whole
length of that column. The writer lately saw a
case of it in which the tumour was situated so
high on the cervical vertebrae, that it was diffi-

cult to determine whether it arose there, or from
the base of the occipital bone. A similar case
b recorded by Dr. Collins, in which a child
was bora with a tumour projecting from the
back of the head nearly as large as the head
itself; it burst, and the child died in ten hours:
" The tumour to a considerable extent was
covered with hair, the remainder being bare
skin of a thin texture, with a blueish tinge

;

with the exception of one spot the size of a
shilling, which had almost the appearance of
serous membrane.

" The ventricles of the brain were much dila-
ted and communicated freely with the sac. The
membranes were extremely vascular, and the
whole contents of the cranium in a dark con-
gested state. The opening through which the
tumour had formed was about three-eighths of
an inch in diameter, and half an inch behind
the foramen magnum. The bones of the head
generally were very imperfect as to ossifi-

cation."+

The most unusual form of it is that in which
the tumour appears at the very extremity of the

sacrum, where it joins tlie coccyx. Ruysch,
however, met with an instance of the kind, and
Genga with anotlier, in which there was also

hydrocephalus, the Huid of which was eva-

cuated by opening the tumour on the spine.t

• Loc.jamcit. p. 341.

i Practical Treatise on Midwifery, p. Sll,

% Vide Morgagni, epist. xii. art. 9,
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A case occurred not long since in this city,

undev the obseivalion of Dr. Murpliy, in which

at the time of the birth of the child, which

presented ttie breech, a membranous bag

protruded before it, and was sup))osed at the

moment to be the membranes of the ovum,
but it was found to be the covering of a spina

bifida tumour, over wliich the integuments were

deficient : it was of considerable size, nearly

equalling that of the child's head, and sprung

from the very lowest point of the sacrum, as

represented in the subjoined sketch :

—

Fig. 152.

In another instance, for the observation of

which the writer is also indebted to Dr. Mur-
phy, the tumour occupied the whole length of

the sacrum, and was conjoined with diaphrag-

matic hernia. In some rare instances there have

been more than one tumour : in size these

tumours vary from the volume of a small nut

to that of a child's head at birth ; and in their

form there is also considerable variety, some
being very exacdy globular, while others are of

the long oval, some pyriform with the tapering

pedicle next the spine, and others broader in

that situation than externally, and so raUier

representing the form of a cone. As a general

description of the affection, its pathological

anatomy is this : there is a deficiency in the

posterior arch of one or more veitebnc, arising

either from imperfect development ofthese bones,

or their division ; through the opening thus

caused, protrudes a sac consisting of the in-

vesting membrane of the spinal marrow, which

sac is in general covered externally by the

common integuments, which are sometimes in

a healthy state, but more frequently diseased,

being sometimes extremely attenuated, either

wholly or partially and sometimes in a state of

ulceration, or approaching to a stiite of gangrene;

occasionally die integuments are allogedier ab-

sent, and the membranes form the covering of

the tumour ; the contents are a Huid of various

characters in different cases ; appearing some-

times bloody, puriform, and otherwise con-

taminated, but when presenting its more natural

serous condition, it is found, like that of hy-

drocephalus, to contain a smaller proportion of

albumen than the fluid of other dropsies.

Sometimes the fluid contained in the tumour
can be made, merely by pressure on the latter,

to retreat and pass along the spinal canal into

the ventricles of the brain, producing the sym-
ptoms of cerebral compression ; and in such

cases also, as in encephalocele, efforts, as of

crying, coughing, &c. produce an immediate

increase in the size of the tumour : and in the

case mentioned by Morgagni, the enlargement

of the head from hydrocephalus was diminished,

when the spina bifida tumour was opened and
its contents allowed to flow out.*

Spina bifida has been found engaging the

whole length of the spinal column, which

is, however, very rare, and sometimes it has

passed, not through a divided or imperfect

vertebra, but through a space accidentidly ex-

isting between the last lumbar vertebra and the

first piece of the sacrum.

f

This affection of the foetus, though some-

times found unaccompanied by any other, is in

many instances complicated with morbid lesions

of an important kind, such as hydrocephalus,

malformation of the lower extremities, which

are apt to be curved inwards, or otherwise

distorted, deficiency in the coverings of the

abdomen, and umbilical hernia, hare-lip, &c.

:

in one instance in the writer's museum, in

which there was adhesion between the foetus

and the amnion, spina bifida is accompanied by

malformation of the lower limbs, and an enor-

mous umbilical hernia, in which are contained

almost all the abdominal viscera.J (See Jig.

153.)

Fig. 153.

bf a membranous pouch, which contained the
abdominal viscera during uterine existence.

rf, (he placenta and its membranes.
e, the liver, f. intestines.

//, external opening of vagina.

h, an aperture in the situation of the meatus
urinarius.

/, spina bifida tumour.

• Epist. xii. art. 9.

t Andral, Mohrenheim, Portal.

i [Some time ago the Editor was favoured by his

friend Mr. Hale Thomson, Surgeon to the West-
minster Hospital, with an opportunity of examining

a remarkable case of double spina bifida. There
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The ipinal marrow is sometimes healthy,

but more frequently it is morbidly affected and
sometimes deficient ; it is sometimes displaced

from the spinal canal and lodged in the cavity

of the tumour, esp<xially when the latter occurs
over the lumbar vertebra;; sometimes the cauda
equina has been contained in the tumour, and
its component nerves found separated and
floating in the fluid, or spread over the walls of
the tumour.

Children thus affected seldom survive, what-
ever treatment may be adopted ; some rare

exceptions have, however, been met with, in

which life has been continued even up to

adult age; as in the case related by Mr.
Jukes,* in which the woman had arrived at the

age of twenty at the time of writing the ac-
count ; the tumour, which had been at birth

about tlie size of a pigeon's egg, had acquired

dimensions much greater than those of the

head ; af\er birth, the limbs, which had been
well formed, became in a few years curved
inwards, and the woman was gradually reduced
to a most miserable condition. A similar case
of survival to the age of twenty is mentioned
by Warner.f
A case has been recently recorded in which

an enormous tumour of this kind delayed the
delivery of the bo<ly of the child for two hours
after the birth of the head, which it equalled
in size, extending from the third cervical verte-

bra to the eightli rib, and containing a quart of
fluid, which communicated with tlie ventricles

of the brain.t

were two tumours, the lower one of very consider-
able size, and on its posterior wall constricted
along the mesial line ; this tumour occupied the
whole sacral region. It was distended by a clear
8traw-coloure<l fluid ; and an imperfect septum,
corresponding in situation to the constriction already
mentioned, projected into its cavity. The second
tumour was in the lumbar region, and seemed to
be a hernia of the spinal meninges, occasioned by
a deficiency in the laminx on one side of only two
lumbar vertebra; ; it was consequently small, and
communicated with the canal by a narrow neck.
The lining membran« of this tumour was over*
spread by an intricate plexiform arrangement of
nerves. In this case there were several malforma-
tions ; one ankle-joint was in a slate of luxation
occasioned by the non-developement of the articular
extremities of the bones. The intestinal canal was
very imperfect, the small intestine composed of a
very few coils, and only the ccecal extremity of the
large existing, which opened on the pubic region
of the abdominal paricies. The bladder was absent,
each ureter terminating in a small sac, which
opened on cither side of the misplaced anus just
mentioned. For a space about an inch and a half
in diameter, immediately around wliere the ureters
and intestine opened, the skin of the abdomcu was
raw, very red, and resembled greatly the exposed
mucous membrane of the bladder in cases of
extrophy of that viacus. The left kidney had its

liilus directed outwards instead of towards the
spine; the ureter consequently turned in behind
the kidney in order to reach its destination. The
uterus and vagina were natural. This case has
already been alluded to in a note at page 390, vol. i.

of this work. ED.]
• See Lond. Med. and Phys. Joum. vol. xlvii.

p. 106.
t Cases in Surgery, 4th edit. p. 134.
J See Lancet, No. 261, p. 698.

Cranial tumourt.—It has been already sug-

gested that there were other tumours observable

on the head of the child at birth of a totally

different character from the eiicephalocele, but
which might be mistaken for it ; an error iuto

which it is said that the celebrated Ledran fell

:

these tumours are generally the result of pres-

sure during labour, producing ecchymosis and
sometimes bloody effusion between the scalp

and the cranial bones ; they differ in all respects

from the encephalocele ; they are darker co-

loured, wittiout any pulsation, situated over

the solid part of the bones, especially over ilie

parietal of one or other side ; they cannot be
diminished at the instant by pressure, nor does

pressure cause the internal distress which results

from it when applied to the hernia cerebri ; and
lastly, no opening can be ascertained in the

bone; but with regard to this last point of

diagnosis, I wish to direct attention to a cir-

cumstance calculated to embarrass the examiner

and lead him into error; in examining tumours
of this kind, it is not unusual to find around

their base a defined and slightly elevated cir-

cular margin, which at first one would be al-

most certain was the circumference of an a|)er-

ture in the bone, but on further examination it

will be found, that if llie point of the finger be

pressed within this circular margin, it will

there meet with as decided and firm a resistance

as it did outside of tlie base of the tumour. I

have known this peculiarity lead to the pro-

nouncing of a very erroneous opinion as to tlie

nature and prognosis of such a tumour.

These tumours have been found to contain

bloody serum, or pure blood, either fluid or

coagulated, and sometimes both ; tlie effusion

takes place either between the bone and the

pericranium, or external to the latter and
under the integuments : the former variety has

been called cephalaematome by Nagele,* who,
as well as Schmitt, has given an account of it.

Having stated that these bloody tumours are

generally the result of pressure tluring labour,

I should add that I have reason to believe tliat

they are formed occasionally quite indepen-

dently of any such cause. I very lately at-

tended a patient who gave birth to a child

which had hardly arrived at seven months, with

an easy and expeditious labour, yet the infant

had a very large tumour covering the greater

part of the right parietal bone, having all the

characters of the cephalaematome, and was not

removed till the termination of a month.

Injuries of the cranial bones.—The same
causes which give rise to the formation

of the bloody tumours just described, not

unfrequently produce fractures or depres-

sions of the flat bones of the cranium, espe-

cially of the parietals ; more particularly iu

cases of contracted jieliis, where the promon-

tory of the sacrum projects considerably in-

wards ; though I have known such accidents

happen witliout the concurrence of any such

state of the pelvis, but from the interposition

of an arm between the head and the bony wall

• Zeller, Comment, de Cephalematomatc, &c.

Heidelberg, 1822.

Y 2
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of the pelvis : in one case where the labour

required version of tlie child, the arm got be-

tween the side of the liead and the pubes and
produced so much difficulty in the delivery,

that the left parietal bone was completely

depressed. Siebold has reported a case in his

journal, in which the labour was painful and
tedious, and the child was born dead : a large

bloody tumour was found over the right parietal

bone ; and on exposing the bone, it was tra-

versed by three distinct fissures passing in

different directions : no instruments had been

used.* But I have reason to know that tliese

injuries of the cranial bones may occur, not

only independently of contracted pelvis, but
even of slow or difficult labour. I some time

since attended a lady in her second labour, and
after about three hours from its commencement,
she gave birth to a healthy boy, but with a

depression in the left temporal bone which
would readily have contained an almond in its

shell ; by degrees the depression disappeared,

and at the end of a few months no trace of it

remained ; the lady's first labour was easy, as

were also those that succeeded the birth of this

child, and no such injury was observable in

any other of the children. More recently I

was informed by Mr. Mulock, of a case in

which, on the subsidence of a cranial tumour,

a spicula of bone was felt distinctly projecting

under the integuments ; the labour had been
slow but natural. When these injuries of the

fcEtal head were first observed, they were attri-

buted to violence by Ilaller, llosa, and others,

the error of which opinion was first perceived

by Rccderer and Baudelocque, and it is need-

less to say how important is the distinction,

especially in a medico-legal point of view.

Fractures of the long bones have been ob-

served sometimes as the result of injuries

sustained by the mother, but in other instances

independent of any such cause, and apparently

depending on some defect in their composition.

I saw an instance in which a woman, when
eight months pregnant, was precipitated from

the second story of a house into the street, by
which the hip-joint was dislocated, and she was

otherwise much injured; she fell on her face,

yet the uterus was not ruptured ; labour came
on that night, and the child was born dead

with several of its bones broken : the woman
recovered well. A case is quoted by Duges on

the authority of Cams, in which a woman fell

on her belly and caused a fracture in the leg of

the child, which was born with the fracture

complicated with wounds in the soft ])arts

;

gangrene supervened and detached entirely the

fractured limb.f MarcJ relates a case, in

which all the bones of the limbs and several

others were found fractured, the mother not

having met with any accident, and having had

an easy and quick labour ; the child was born

alive and lived for some days ; on examination

after death the number of fractures were found

• See Med. Chir. Review, No. 37. July 1833,

p. 2H.
t Uict. de Med. et de Chirnrgic Prat. torn, viii,

p. 293.

} Uict. des Sc. M6d. lorn. xvi. p. 63.

to amount to forty-three, some of them just

beginning to unite, and others almost com-
pletely consolidated.

In a case which occurred to Chaussier, in

which also the labour was quick and easy, and

the mother had not sustained any previous acci-

dent, the child was born alive and survived

twenty-four hours ; its limbs were malformed,

and after death no less than one hundred and

thirteen fractures were discovered in difi'erent

conditions, some of them being already quite

consolidated, while others were apparently

quite recent.*

Fractures independent of any external injury

or defect of nutrition are supposed by some to

be produced by violent spasmodic contractions

of the foetal muscles, which are capable of very

energetic efforts, at a time when the foetal bones

have very little power of resistance. It appears

reasonable to believe, that such spasmodic

action of the muscles might be induced by
causes violently disturbing the nervous system

of the mother, since we know that such in-

fluences acting on a nurse will cause spasmodic

and convulsive affections in the child at her

breast ; and we further know, that even in the

adult a quick muscular effort has been followed

by fracture of a bone, but how far such analo-

gies are applicable to explain the lesion in

question I would not pretend to determine.

A similar explanation has been supposed

applicable to the instances of dislocations which

have been discovered in the fcEtus, and one in

particular related by Chaussier appears to

correspond to such a supposition. A young,

delicate, and nervous lady, in the ninth month
of pregnancy, suddenly felt such violent and
rapid movements of the child that she was near

fainting; these tumultuous motions were three

times repeated in the course of ten minutes,

and then there succeeded a perfect calm ; the

remainder of the pregnancy passed on well,

the labour was easy, the child was pale and
weak, and had a complete dislocation of the

left fore-ami.f In another instance mentioned

by Marc J there were found, in addition to

congenital dislocation of botli hip-joinls, no
less than seven other luxations.

But by fiir the most remarkable pathological

lesion to which the foetus in utero is subject, is

that in which portions of its limbs are removed

by a process which has been with propriety

denominated spontaneous amputation.

This singular fact has been mentioned by
several authors of credit, as llicherand,§ Desor-

ineaux,!! Billard,1[ and Murat,** though none

of them appear to have witnessed any case of

the kind themselves; but they all agree in

• For a full account of the dissection, sec

Bullet, de la t'ac. de la Soc. de .Med. de Paris,

1813, No. 3.

t Discours prononce a la Maternite, Juin 1812.

J Diet, des Sci. Med. t. xvi. p. 66. See also

une Memoire sur un deplacement originel on con-

genital de la tcte des femurs, par M. le Baron Du-
puytren; Repertoire d'Anatomic, t. ii. partie 1.

I
Elcmons de Phjsiologie, p. 477.

I Diet, de Med. t. xv. p. 404.

1 Maladies des Enfans, p. 623.
"' Diet, des Sci. Med. t. xvi. p. 70.
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regarding it as simply the result of inflamma-
tion and gangrene, llaller evidently was not
aware of any such case, for although he gives
a long list of extraordinary mutilations of the
fetus, he considers them as the result of im-
perfect development or malformation, and not
ofseparation or removal ofparts alir.adyjhrmcd

;

for he expressly objects to the autliors who have
furnished such descriptions, that they cannot
even quote one instance in which " manus
truncata, aliusve artus, in membranis ftetus

seorsim a corpore, repertus sit."* Having
sought with diligence through authors, the only
cases which I have been able to find are those
which I shall now briefly mention.

In the 54th volume of the Lond. Med.
Phys. Joum. Mr. Watkinson states, that being
in attendance on a lady twenty years of age in

her first labour, which was natural and easy,

he discovered, on tlie birth of the child, that

the left foot had been amputated a little above
the ankle, and the part was nearly but not
wite healed, the bones protruding a little.

The child was alive, but survived only a few
miimtes ; on making further search the ampu-
tated foot was found in utero, and it, also, was
nearly healed. There did not appear to have
been any haemorrhage from the limb ; the sepa-
rated foot was OTUcA smfl//er than the other; it

shewed wo murk of putrej'action, but appeared
to be in a state of perfect preservation, not
being even discoloured.' The mother had not
met with any accident nor any particular mental
emotion, and she was sufficiently independent
to render unnecessary any over-exertion on her
part. Mr. Watkinson offers no opinion on the

nature or cause of the accident. Tlie annexed
sketch represents the condition of the parts.

Fig. 154.

Chaussier-f- mentions having examined two
cases in which separation of a part of the fore-

arm had taken plate before birth, and in a
third case he found the separated portion of the
arm and hand lying apart, and the stump of the
limb healed.

" Klcincnta Physiologix, t. viii. p. 135.
t Discours prononcc a rijospicc do la Matcruilc,

1812.

Chaussier also attributes tlie accident to gan-
grene as the cause which would most obviously

account for its production, though it does not

appear from his account that there were present

any of the pathological evidences of that con-

dition ; and in the case first related the child

was born alive, and it is expressly mentioned
that neither the stump of the limb nor the part

amputated shewed any symptom of disorganiza-

tion or disease, not being even discoloured.

The next case was one occurring in my own
practice, and appears to me of great importance

as exhibiting the amputation absolutely in pro-

gress, under the influence of the agent which
I believe to be the general, and, most probably,

the invariable cause of its occurrence.

About eight years since I attended a patient

under circumstances of considerable dancer
from haemorrhage attending abortion in the fifth

month, and on the expulsion of the ftetus its

singular conformation fortunately attracted my
attention strongly, and induced me to examine
it with care. The head was mis-shapen and
monstrous, the brain covered only by integu-

ment, and towering upwards like a helmet
over the head ; but the circumstance deserving

of especial notice was the appearance of com-
plete ligaments surrounding the limbs, and on
examining them closely I found that they con-
sisted of distinct threads, passingfrombotli hands
downwards to the legs(see_/ig. 155) ; at one end,

Fig. iSS.

each of these threads or fine cords bad formed

a complete ligature round the middle of each

hand, causing a distinct depression where it

passed, the part of the hand below it being

almost completely undeveloped. From the

hands these cords descended towards the legs,

which were crossed, and surrounding them in

this position just above the ankles, compressed

them so tightly that fully two-thirds of their

whole thickness were thereby divided, without,

however, causing any breach in the skin; nor
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was there the slightest appearance of disease
or even discolouialion of any of the parts, but
the feet were, like llie hands, imperfectly deve-
loped and mis-shapen. The mollier was about
twenty-live years of age, and was at the time
labouring under fever, but had been previously
in perfectly good health, and had not met with
any accident either in the way of bodily injury

or mental a|<itation.

About four years after the occurrence of the

case just detailed, another was brought under
my observation through the kindness of Dr. J.

Labatt.

A healthy woman gave birth to a still-boin

child in the eighth month of gestation; it was
affected with an umbilical hernia of great size,

formed by the protrusion of the liver, stomach,
and small intestines, but the state of the limbs
is the point of interest connected with our
inquiry : both were mis-shapen, and, as hap-
pened in Mr. Watkinson's case, the left exhibits

this remarkable pathological lesion, and exactly
in the same situation. Just above the ankle
there is a deep depression all around the limb,
and sinking to such a depth as to leave only
the bones and skin unaffected by it, the
diameter of the undivided part being less than
half an inch, while that of the leg, just above
the depression, is an inch and a quarter. The
appearance of the groove is exactly such as
woidd be made by tying a string very tight

round the plump limb of a child, and in my
opinion could not have been produced in any
other way. The part had been very much
handled and examined by several before 1 saw
it, so that I was not surprised at not finding
any ligature on the limb, but the mark of it

was so distinct in the bottom of the depression
as to leave no doubt of its previous existence
there having produced the constriction of the
part. It is important also to observe, as con-

Fig. 156.

firmatory of this view of tins matter, that t/ie

integuments are not at all broken or divided,

but are merely carried inwards with the con-

stricting agent, so that, had the separation of

the limb been completed, each stump would
a/)pear skinned over, except at the ends of the

bones, and so present the appearance of being

piniiiilly healed, as described by both Watkin-

iinhealed

tX*/

son and Chaussier: the foot was a little swollen

and somewhat discoloured ; it seemed turgid

with blood, but was without any appearance

whatever of gangrene.

In both the insUinces here before us, from

the condition of the limbs and the impossibility

of the parts under the ligatures continuing their

growth under such circumstances, it could

scarcely be made subject of doubt that had the

children continued to live and grow, the parts

of the limbs below the constriction would have

separated, and so undergone spontaneous am-
putation.

The next case to which my attention was

drawn was one very politely communicated to

me by Dr. Tyson West, of Alford, Lincolnshire,

in consequence of his becoming acquainted

with my account of this matter. Dr. West
attended a patient at the Westminster Lying-in

Hospital in 1805, who, after a natural and

easy labour, gave birth to a still-bom child

which had but one leg, the other limb exhibit-

ing positive proof of having been spontaneously

amputated some time before, the stump being

partially healed and nieeli/ rounded, about an

inch and a half below the knee : the unhealed

portion of the stump was about this size.

lie accounts for the amputated portion /

of the limb not being found in conse-

quence of the occurrence of a most

'

dangerous accident which threw all the parties

concerned into great alarm and confusion ; but

he adds that it struck him at the time, and he
is still of the same opinion, that the division

of the limb was effected by some stricture

round it*

When first announcing the discovery of this

fact, in 1832,t I stated that the origin of these

ligatures, and still more their application so as

to stricture the limbs, were circumstances on
which I did not feel prepared to pronounce
an opinion with any reasonable probability of
its being satisfactory, and I am sorry that five

years' additional consideration of the matter has
not enabled me to solve Uie difficulty com-
pletely ; hut I am happy to find that, so

far as I liave ventured to point out a proximate
cause of this singular phenomenon, my views
have been assented to, and my explanation

adopted, by all who have subsequently ex-

pressed their opinions on the subject, and
especially by Professor Gurit, of the lloyal

School of Medicine at Uerlin, author of a
work on pathological anatomy, (whose investi-

gations render him peculiarly qualified to form
an opinion on such a subject,) who has written

a commentary on my original paper,| in which
he adopts, as correct, my explanation of this

curious fact, and, in addition, undertakes to

account for the formation and application of
the ligatures.

He commences his observations by rejecting

in toto the notion of the agency of gangrene

:

his words are : " To explain this most re-

* A notice of this case was inserted by Dr. West
in the Lond. Med. and Surg. Jotirn. for 1832, vol. i.

p. 741.

t See Dublin Medical Journal, vol. i. p. 140,

t See Medicinische Zeitting, 1833, N. 3, p. 13,



markable phenomenon, the utterly unfounded
hypothesis hits been formed, tliat these spoa-
taneoiis separations are (he result of gangrene,
although there are no traces of it to be dis-

covered on the stump, it being actually, lo

a certain extent, healed, and no change of
colour to be seen :" and he immediately adds,
" a case lately observed by Montgomery of
Dublin ap|)ears to contribute a natural explana-
tion of tJiis remarkable fact, inasmuch as it

indicates the cause of this separation." He
then repeats the details of my first case, and
proceeds to say he " believes that both the
formation of these tlireads, and the amputation
of the limbs, which are most probably in all

cases produced by them, may be explained
by the history of the formation of the foetus."

He then enters into a minute detail of facts

well known to all who are acquainted with
the mode in which the development of the
foetus takes place, and observes, " I look upon
these threads as prolongations of the egg mem-
brane from which the foetus grows, whether
this skin (or membrane) be taken as the navel
bladder or the amnion :" and he subsequently
objects lo their being considered as formed by
organized lymph, which I considered them
to be, and still remain of the same opinion.
The prolongations of the membrane, Gurlt

thinks, are afterwards, by the constant motions
of the fa'tus, twisted into slight but firm cords
or threads, which may involve different portions
of the fcBtal limbs, (as we sometimes find the
umbilical cord several times round the neck,
or other parts of the child's body,) so as to
stricture them and cause their separation ; and
in this way Professor Gurlt explains the
presence of the ligatures concerned m the pro-
duction of spontaneous amputation. I dissent
from this as a general explanation, for a reason
presently to be stated ; but it is only justice

to the author to mention that the condition
of both the children which I examined was
in other respects such as favours his theory,
for whenever such unnatural adhesions take
place between the amnion and the foetus, they
give rise to a monstrosity of a peculiar kind,
and this is observable in both these cases, and
in others also : in one there is protrusion of
the brain and monstrous formation of the head
in other resi)ects ; and in the other the liver,

stomach, and great part of the intestines were
contained in a hernial sac, external to the body.
But notwithstanding the support thus derived
from analogy, there is one circumstance which
appears fatal to the explanation when applied
to the first case described by me, which is,

that in all cases where these membranous con-
nections have been observed giving rise to

monstrosity, one end of the cord or thread-
like band has always been found attached to
the amnion, and the other to the foetus, but
here bolli ends of the cords are attached to
the limbs, and afford no evidence of having
been connected with the amnion ; and it was
for this reason that I abstained at first from
offering the explanation now proposed by Pro-
fessor Gurlt, which I then thought, and still

consider inapplicable to the specimen which
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I was then describing, and equally, or perhaps
still more so, to that described by Zagursky,
to be mentioned presently, sec fig. 159 ; though,

at the same time, 1 am quite ready lo admit
that ligamentous bands so formed would \k
fully adet|uale lo the accomplishment of such
an effect : and I now know also that strictures

from another source, and which from their

nature must possess very tittle constricting

force indeed, are in some instances found
sufficient so completely to act on and indent

the limb, that, could their action be con-

tinued, which, however, is scarcely possible,

they might ultimately induce a similar mutila-

tion. \Vhile I was engaged in committing
these observations to writing, I received a most
interesting preparation from Dr. W. O'B.
Adams, in which the coiling of the umbilical

cord round l/ie left leg of the foetus at three

months had deeply indented it, as represented

in the subjoined Jig. 157. Here, it will be

Fig. 157.

observed, at least three-fourths of the thick-

ness of the limb are divided by the pressure

of the umbilical cord, which was coiled around

it, and which, both in this and Jig. 158, is

removed from the strictured part virhere it

originally lay, in order to show more distinctly

the eflTect produced by it.

Within the last few months another instance

of the same effect produced by the same agent

just above the left knee of a foetus at about

the same period of growth, occurred with a

patient of the writer's, and under his imrae-
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diate observation, as shewn in the annexed

fgure, 158.

Fig. 158.

I am very much disposed to believe that

Morgagni witnessed a fact of this kind; at

least his description of the appearance in a

monstrous fcetus between the fiftli and sixth

montli, greatly resembles it, of whicli he says,

" All the limbs were in a very bad state, the

upper limbs from tlie elbows downwards

;

for to the arms, which were very short and
distorted, distorted hands were likewise added.

And the inferior limbs terminated, likewise, in

distorted feet, but the left leg was either broken

J'rom thefuniculus umiiiUculis having been up-

plied round it, or was more distorted than

the other paits:"* and he afterwards, with

great reason, conjectures that the binding of

tlie cord round the leg may liave been tlie

cause of the cliild's dealli, by interrupting

tlie circulation through it. It is a very ex-

traordinary fact, tliat in every one of these

cases, as well as in several others, the injury

was sustained by the left exlremiti/.f

In the course of the last year Dr. Simpson
of Edinburgh published an excellent paper on
this subject; J into which he has collected a

vast quantity of curious information and many
most important cases from authors, to which

• Epistle xlviii. art. 53, vol. ii. p. 758, of

Alexander's translation.

t For other instances of impressions made on
the ftttal limbs, &c. see Van de Laar, Obs, Obstet.

Med. p. 41, .ind tab. 11 ; Meckel, Patholog. Anat,

lid. ii. s. 137; Sandifort, Thesaurus, torn. iii.

p. 236, tab. 11, fiK. 5.

J See Dublin Medical Journal for November,
Wili, vol. X, p. 220.

he has added not a few from his own obser-

vation, together with several highly apposite

remarks ; and I am happy to find that he also

assents to, and, indeed, strongly confirms my
view both as to the agent which produces the

change and its consisting of organized lymph,

such as is usually elaborated under the influence

of inflammatory action, from which it is well

known that several varieties of foetal deformities

arise;* and it is a matter of every day ob-

servation how completely lymph so effused

will be converted into distinct firm threads,

uniting opposite serous surfaces, especially

those whicli move freely on each other, as the

pleura; and the peritoneal coverings of the ab-

dominal viscera.f

From the cases referred to by Dr. Simpson,

I shall now notice three which appear more

particularly illustrative of the true nature of

this remarkable lesion, and confirmatory of my
original account of it.

Zagorsky has described J a malformed foetus

of the fifth month, which, in addition to several

other deformities, was deficient of the right

leg, the thigh ending in a rounded and cicatrized

stump, in the centre of which was a small

projecting point: from this was prolonged a

slender thread-like membrane, strong in pro-

portion to its size, that ran directly across to

the left leg, which it encircled, a little above

the ankle, like a tightened lipture, see Jig. 159,

and formed in it a depression of considerable

depth, while the portion of the extremity

below the ligature was, as well as the appended

foot, rather tumefied. From about the middle

of the transverse thread-like membrane a small

body of an oblong form was suspended, which,

on examination, proved to be the right foot

perfectly formed, as its general outline and

five toes demonstrated, but not larger in size

than the foot of a fcetus of the tenth or twelfth

week.

Beclard mentions^ the case of a very de-

formed hydrocephalic foetus, whose le/'t leg was

divided by a transverse depression that pene-

trated as deep as the bones, and resembled that

which would have been produced by a tight

ligature. The two opposite surfaces of this

indentation were both cicatrized, and almost

touching one another. " It is evident," says

Beclard, " that if this foetus had remained in

utero for some time longer, it would have been

born with an am]iutated and cicatrized leg, the

remains of which might have been found in the

liquor amnii."

• Sec Geoffroy St. Hilaire's investigations in his

work on " Monstruositcs Humaincs;" Meckel's

Handbuch dcr I'athologischen Anatomic, Bd. ii.

s. 138; and a paper on the diseases of the placenta,

by Dr. Simpson, in the Edin. Med. and Surg.

Journ. vol. xlv. p. 305 et seq.

t Dr. Hildebrand of Berlin has also noticed mjr

cases with some remarks ; see Grafe, und Wallhers

Journal dcr Chirurgic, Bd. 18, 11, p. 325 : 1832.

The latest author on the subject is Gractzer, die

Krankhciten des foetus, Breslau, 1837, p. 69.

t Memoirs of the Imperial Academy of Sciences

of St. Pctcrsburgh for 1834, sixth scries, vol. iii.

p. 3, 7.

4 Bulletins do la Faculle, &c. for 1817, lorn. v.

p. '213.
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Fig. 159.

Albert F. Veiel quotes a case from Froriep's

Notizen, Bd.xii. p. 26, of a fetus " whose U/t

J'ool was separated, during pregnancy, from
the bone, and the fore foot was bom by itselj',

guile healed."*

The following case was recently published in

the American Journal of Medical Science, by
Dr. F. P. Fitch of New Boston. On the 17th

March a healthy woman, then in the seventh

month of pregnancy, suddenly discharged the

liquor aninii. Un the 21st a substance escaped

from the vagina, which proved to be a perfectly

well-formed foetal foot, apparently separated at

the ankle-joint, and in a complete state of pre-

servation. On the 5th April she was delivered

of a seven-months' child, which lived about
half an hour. At the left side of the centre of

the foreliead there was a homy protuberance of

the size of the middle finger; the (ace, also,

was greatly deformed. Upon the foot, the

place of separation was contracted to the size

I

of a small pin's head, and the healing process

hud apparently been as perfect, and progressed
very nearly us far as that on the lower extre-

mity of the limb.f

Within the last few months a child of a
month old was brought to me from the county»of Westmeath, in consequence of its having
been born deprived of the left hand. On exa-
mination 1 found the forearm of that side pre-

senting, a little above the wrist, the ajijjearance

of a perfectly well-formed stump, as it would
be found after amputation by the surgeon's
knife; with this difference, however, that the

mark of cicatrix did not extend across the

stump, but was confined to a small circular

• " Der linke Fuss w'ahrend dcr Schwangerschaft
sich von dcm Seine abliisic, und dcr Vorderifuss
fiir sich, bercit* gcheilt, gcborcn wurde."

I American Journal of tlie Medical Sciences,
No. XXXV. for May 183(), p. 9().

depression in Its centre; the child was other-

wise quite jx-rfect and healthy. Unfortunately

I could not obtain any information as to whe-
ther the hand had been found at the time of
delivery or not, the poor woman having been
attended only by an ignorant country midwife.

Three cases, very similar to the above, are de-
scribed by Dr. Simpson.*

1 feel almost convinced that the removal of
limbs in this way is by no means so uncommon
an occurrence as the paucity of cases hitherto

recorded would, at first sight, lead us to con-
clude ; but the reason appears to me to be this,

when the separated portion of limb was not

accidentally discovered, the imperfection seems
to have been considered quite as a matter of
course, and without further examination, as

arising from imperfect development or monstro-
sity, and, consequently, no search was made
for the deficient part ; and, even if search was
made, the amputated member might have been
so small as to escape undiscovered, involved in

the membranes, or buried in coagula ; even
though the child to which it belonged had at-

tained considerable size, because its separation

may, as we have seen, take place a consider-

able time previous to birth ; this is noticed in

Mr. VVatkinson's case, and is still more stri-

kingly exemplified in that described by Zagors-
ky, see^g. 159.

With regard to the theories which have been
advanced to account for such accidents as that

which we have been considering, some, regard-
ing them as the effects of mental emotions in

the mother, or of accidents encountered by
her, have attempted to support their views by
details which Mailer truly designates as " adeo
fabulosa ut fidem auferant;" those who attri-

buted this phenomenon to gangrene did so
from theory, and have received no support for

their opinions even from the (acts which they
have themselves recorded; for it is expressly

mentioned that the p-irts which were tlie seat

of the injury seemed otherwise healthy, were
not discoloured, and at the point of division

were either partially or entirely healed over.

Tlie explanation which (acts fortunately enabled
me to offer does not depend on conjectural

reasoning or theoretical speculation for its

support, but its proof may be " oculis subjects
fidelibus" by the mere inspection of the parts,

which are preserved in my museum ; and with
regard to the nature of the process by which
the solution of continuity is effected, and the
foot, or other part amputated, it appears to be
strictly that of disjunctive atrophy, and in a
great degree similar to that by which the sepa-

ration of the funis from the umbilicus is accom-
plished.

Convulsive affections.— Having alluded t©

convulsive movements of the child in another

place as the occasional cause of certain phy-
sical injuries to it, such as fractures and dislo-

cations, a few words on the subject will hardly

be misplaced here, although the affection itself

may perhaps not come exactly within the scope
of this article. Tlie variety in the activity of

* Dublin Medical Journal, vol. x. p. 226.
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foetal motion is a matter of common observa-

tion, for, while some women suffer mucli and
almost constant annoyance from the excessive

restlessness of the child, others are hardly con-

scious of its movements* That this is not

altogether dependent on a real difference in the

quality of the fittal motions, but in a great

degree the result of the greater or less nervous

irritability of the mother's system, must be ac-

knowledged ; but, on the other hand, I think

we can hardly doubt that some of those pa-

roxysms of excessive turbulence are true con-

vulsions, and that the child sometimes thus

dies before birth, either under their influence

or by so entangling the cord as to compress

it, and put an end to the circulation through

it. The writer feels persuaded that he has met
witli such cases, and he has read of others in

which, after a violent convulsive motion of this

kind, which had nearly caused the mother to

feint, all motion of the child has ceased to be

felt, and, after the lapse of a few days, delivery

has taken place, and the dead-born child has

exhibited appearances perfectly corresponding

with the belief of its having died at the time of

the convulsive struggle. In October 1834 the

writer attended a very nervous lady with her

second child, which, after about two hours of

easy labour, was born com|)letely dead, al-

though full-sized and well thriven ; the cord

was twisted round the neck and also round one

of the arms. She told me that three days

before she was suddenly startled by the exces-

sive motion of the child " as if it was struggling

in convulsions;" this continued for a minute

or two, and was so violent and distressing as

to force her to exclaim, and nearly to produce

fainting ; from that moment she never felt the

child move.f
Effects of mental i?nprcssions on the mother.

—In the enumeration of the different causes

or sources of abnormal alterations in the foetus

we should not omit to include powerful im-

pressions made on the mind or nervous system

of the mother; for although the writer would
be very far from wishing to advocate or coun-

tenance either the indiscriminate doctrine of

effects produced by the mother's imagmation,

or the ridiculously absurd fabrications by which

it has been attempted to raainfciin it, he cannot

help thinking it quite consistent with reason

and the present state of our knowledge, to be-

lieve that such impressions may injuriously

affect the fa-tus, and it will at least be always

safe and prudent to act on such a presump-

tion ; for " although," to use the words of

Morgagni,t " I do not approve these things,

• Sec some observations on this subject in the

writer's Exposition of the Signs of Pregnancy,

chapter v. p. 87.

t See Desormeaux, Diet, de Med. torn. xv.

p. 398. Duges, Diet, do Med. et do Chir. Pra-

tiquc, torn. viii. p. 295. A slight spasmodic sen-

sation communicated from the child to the mo-
ther, and sometimes repeated •several times at

pretty regular intervals, like the efforts of hiccup,

lias beeii by some attributed to the existence of

tliat affection in the child ; but with what degree

of reason the writer is not prepared to venture an

opinion.

t Epist. xlviii. art. 54.

(that is, the absurd stories,) there are cases

wherein it seems to me to I)e very hard to

depart totally and altogether from that opinion

which is common to the greatest men."* In a
case related by this celebrated writer, a mental

impression was quickly followed by the death of

the child ;t and if such an influence can thus

destroy its life, it is surely not unreasonable to

admit that it may have the power of modifying

organization.! An instance of this kind oc-

curred under my own observation about three

years ago, so remarkable that 1 trust I shall be

excused if I think it presents something more
than a mere though striking coincidence.

A lady, pregnant for the first time, to whom
I recommended frequent exercise in the open
air, declined going out as often as was thought

necessary, assigning as her reason, that she was

afraid of seeing a man whose appearance had
greatly shocked and disgusted her ; he used to

crawl along the flag-way on his hands and
knees, with his feet turned up behind him,

which latter were malformed and imperfect,

appearing as if they had been cut of}' at the

instep, and he exhibited them thus and unco-

vered in order to excite commiseration. I af-

terwards attended this lady in her lying-in, and
her child, which was born a month before its

time, and lived but a few minutes, although in

every other respect perfect, had the feet mal-

formed and defective precisely in the same way
as those of the cripple who had alarmed her,

and whom I had often seen. Now here was an

obvious and recognized object making a pow-
erful impression of a disagreeable kind, com-
plained of at the time, and followed by an

effect in perfect correspondence with the pre-

vious cause, there being between the two a

similarity so perfect that, with the distinguished

author above referred to, I " will not easily

suppose that chance could have been so inge-

nious, if I may be allowed to speak thus, and

so exact an imitator;"§ and though I must ac-

knowledge in the words of Van Swieten " that

I do not understand the coimexion of the cause

acting upon the mother with the effect observed

in the foetus," {| I also agree with him, that it

must not therefore be denied that such a thing

has really happened. For some other observa-

tions on this subject the writer begs to refer to

a worklF of his recently published.

Effects nf injlummation, i^c.—The foetus in

utero, even at early periods of its developement,

is liable to a large number of organic altera-

tions, and even to lose its life, in consequence

of inflammation attacking the uterus of the

mother, the fcetal appendages, or its own sys-

tem. From such causes arise a variety of pa-

' He refers to Boerhaave, Praelect. ad Inslit.

^ 694^ and to Van Swieten.

t Epist. xlviii. art. 18.

X A celebrated writer of the present day, E«-
quirol, is led from observation and experience to

refer one of tlxc species of congenital predisposi-

tion to insanity, to the impression of terror on the

mind of the mother while pregnant.

$ Epist. xlviii. art. 54. Vide epist. Ixvii. art. 16.

11
Commentaries, sect. 1075.

If An Exposition of the Signs and Symptoms of

Pregnancy, chap. i. pp. 14 et scq.
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thological changes in the foetus, as atrophy,

arrest i)f devclopemtnt, aiiiput;>tion of limbs,

and many other aH'eciions, as detailed in the

ditlerent sections of the present article.

With respect to those which seem distinctly

rcferrihle to intluniniation arising in the fottal

system and invading particular organs, the in-

stances are very numerous indeed ; es|)ecially

in the thoracic and abdominal cavities, iu which
striking indications of violent inHanimatory ac-

tion have been frequently observed, both by
the writer and by others.

During the investigations made conjointly

by Madame Boivin and M. Chaussier, they

met with several cases of well-marked perito-

nitis, some of which were accomjxinied by con-

siderable eH'usion, which, however, did not exist

in others ; but in all there were found nume-
rous adhesions between the intestines.* Uesor-
meaux records a case in which a child at birth

displayed all the evidences of violenr enteritis,f

but after\vards recovered. In a case related by
Dugts, all the abdominal viscera were found
agglutinated by a yellow coloured and firm

lymph ; there were false membranes on the

liver, the spleen, the bladder, &c.; the epiploon
was adherent to the intestines, which were ag-
glutinated into a lump, and were yellow, hard,

and thick.J Other instances of this form of in-

flammation are detailed by Billard,§ Carus,||

Cruveilhier,1I and others.

The stomach and intestinal canal have fre-

quently been found much diseiised at birth.

In one instance of a still-born child I found
the stomach in a state of intense inflammation,

and on its internal surfiice tliere were no less

than twenty-tive patches of ulceration. Dr. C
Johnson of this city found a similar condition

existing in the colon : the specimen is depo-
sited in the Museum of the College of Sur-
geons, Dublin. Cases of this kind are also de-
scribed by Billard,** who mentions an instance

in which lie found in the duodenum a pedicu-
latcd excrescence of a red colour and uneven
like a strawberry ; it was as large as a bean,
and in its structure, &c. resembled the vascular
tumours found in the intestines of adults. In
the same child there was also evidence of
chronic inflammation of the lower portion of
the ilium, with thickening of the mucous mem-
brane, which was of a slate colour.-f-f 1" ano-
ther case examined by the same writer, the

ilium and all the colon were found presentingL the characters of the disease named by Ijiennec

^ sclerosis, ami consisting in a scirrhous indura-

^l tion of the submucous cellular tissue of the in-

HF testine. In a case observed by Cruveilhier the

• Reclicrchcs sur I'Avoricment, &c. p. 56, note
;

•eo also Bulletin dc la Fac. do Med. 1821, and
Proccs verbal de la Materniie, Jan. 1812.

t Diet, dc Mid. art. tEuf, torn. xv. p. 403.
t Recherrhes sur Ics Maladies Ics plus impor-

tantes et lea moins connucs des, cnfans nouveaux-
ncs, par Ant. Dugis, D.M. Paris, 1821.

Maladies des Eufans, p. 444.
Gynseltologia, ii. p. 251.
Livraisoa XV. pl.xi. p. 2, ob. 2.

•• On. jamcit. p.29<)et»eq. Atlas, pi. v. and
also p. .172.

tt Ibid. p. 373, 4.

small intestines presented several patches of
ulceration, and the coats so thickened that their

calibre was quite effaced.* Desormeaux thinks,

and apparently with good reason, that several

of the strictures and obliterations of hollow

canals, such as closing of the oesophagus, intes-

tinal canal, anus, urethra, &c. ought to be I'e-

fen-ed to the influence of former inflammation,

to which cause also there is great reason to

ascribe many instances of congenital blindness,

and especially those in which there is opacity

of the cornea.

The liver is not unfrequently the seat of in-

flammatory and other lesions before birth, a

variety of which have been noticed by different

writers ; intense sanguineous congestion has

been of^en met with. Billard mentions two
instances in which the organ was found soft-

ened and giving out an o<lour of sulphuretted

hydrogen. It has also been found with tuber-

cles scattered through its substance at birth.f

lloogeveen describes a tumour which was found

attached to the liver of a foetus of six and a
half months : it was hard and unequal, and as

if composed of particles of sofl stone or cherry

kernels.J Considerable serous effusion in the

abdominal cavity has been often observed.

The organs contained in the thoracic cavity

appear to be peculiarly liable to the invasion

of inflammatory action, and frequently exhi-

bit other abnormal conditions also. Cruveil-

hier goes so far as to say, that lesions of the

lungs are so frequent in, the foetus, that in his

opinion disease of the lungs carries 06" as many
new-bom children as adults.§

T/ie lungs have been found hepatized in

still-born children, two instances of which oc-

curred to Andral,|( who says he found in ano-

ther case numerous abscesses in one lung.

M. Ilusson examined two children, one of

which was dead-bom in the seventh month,

and had tubercles softened and in a state of
suppuration in the lungs, the mother being

healthy. I have met with instances of tuber-

cles in the lungs at birth, but in the cases

which came under my observation, the mothers

were affected with consumption ; under which
circumstances I have, in several instances,

found in the placenta a deposit of what appeared

to be perfect tubercular matter.

Cruveilhierll has noticed instances of tuber-

cular induration, grey consolidation, scattered

masses of tubercular character containing pus,

and, in one case, there was serous infiltration

of the pulmonary tissue, which was of an olive

green colour. Billard *• relates similar cases of

pulmonary lesion, as does abo Lobsleiu,t|" who

* Anat, Pathol, liv. xv. pi. ii. p. 4, ob. 7.

t See Billard ut aupra, p. 421, and Meissner,
Kiu<lerkrankheiten, i. 8. p. 92.

t Tract dc Morb. fcctus humairi, p. 63; see also

Bonctus, Sepulch. Anat. torn. iii. p. KM, Ortila,

Le(;ons de Med. Leg. Paris, 1828, i. p. 292, and
Andral's Pathol. Anat. translated by Towasend
and West, vol. ii. p. 704.

Liv. XV. pi. xi. p. 5.

Op. jam tit. p. 703.

Op. jam eit. liv. xv. pi. xi. pp. 4,6.
•• Maiad. des Enfans, pp.499, t>48.

ft PathologischcD Anatomic, i. p. 321.



332 FOETUS.

found in the foetal lungs a calcareous concre-

tion.

Pleuritis.—The effects of inflammation at-

tacking the pleura before birth are not unfre-

quently seen. Billard relates the case of a
child which died on the fourth day after birth,

in whom the pleura was found greatly thick-

ened, and there were existing between its oppo-
site surfaces bands of adhesion as firmly orga-

nized as those found in an adult, eight or ten

years after a pleurisy.*

In a case described by Cruveilhier, the child

died thirty-six hours after birth, and there was
found double pleurisy with eflusion of a sero-

lactescent pseudo-membranous fluid ; and in

another instance described by the same writer,

in addition to anasarca, ascites, and purpura,

there existed hydrothorax, in a seven months'
child, which had lived only twelve hours :f
other instances are related by Veron, Orfila,

and others.

Purulent effusion.—^The formation of pus
has been frequently observed in tlie fcetus, both
in tlie form of secretion from the lining mem-
branes of cavities, and in distinct circumscribed

abscesses.

In cases of pleuritis and peritonitis, as alrea-

dy noticed,^ the abdominal and thoracic cavi-

ties have contained sero-purulent fluid. Cru-
veilhier found pus between the dura mater and
skull in a still-born child.§

Abscesses have been found in the thymus
and thyroid glands and in the supra-renal cap-

sules, see p. 334 ; and Andral found several in

one Iuug.||

Ollivier (d'Angers) has given an account of
the examination of a foetus of three months and
a half, under the skin of whose neck an abscess

was found.1[

I have very often seen small superficial ab-

scesses or pustules existing at birth, especially

about the neck, fece, and head.

Dropsical eff'usions.—Several forms of serous

eff'usion have been already mentioned as taking

place during foetal life, and affecting either the

cellular tissue, the great cavities of the abdo-
men and thorax, those of the brain, or confined

to particular organs and their appendages.

Thus notice has been taken of the occurrence

of general anasarca, ascites, hydrothorax, hydrops

pericardii, serous infiltration of the lung, hydro-

cephalus, and hydro-rachitis or spina bifida.

In one instance which I examined some years

since there was general aiia-sarca and serous

effusion into every one of the cavities ; the mo-
ther was healthy, but was in the habit of drink-

ing enormous quantities of ardent S))irits.

The degree to which the head sometimes be-

comes enlarged in utero by dropsy is as extraor-

dinary as it is well known, and the difficulty of

delivery thus produced is equally a matter of

frequeiit observation witli practitioners in mid-

• Op.jamcit. p. 501.

t Anat. Pathol, liv. xv. pi. xi. p. 2, oI>8. 4.

i See Billard, Malad. dcs Enfans, p. 445.

§ Liv. XV. pi. xi. p. 6, obs. 10.

|1 Anat. Pathol, by Townscnd and West, vol. ii.

p. <03.

If Arch. Gen. de Med. Mai 1834.

wifery. In one specimen in my possession, the

long diameter of the head is six inches, the trans-

verse five and five-eightlis,and the circumference

nineteen inches : this case gave rise to the ne-

cessity of performing cephalotomy. In another

instance of twins I was called in, in conse-

quence of delivery of the first child being found

impracticable, the head being firmly ret«iined

after the expulsion of the rest of the body. I

succeeded in extricating it, without perforation

or instruments of any kmd ; it measured eight-

een inches and a half in circumference.* In a
case related by Perfect,f the head, when extri-

cated from the pelvis, measured more than

twenty-four inches in circumference. In an
instance of an hydrocephalic (win, described by
Dr. Patterson,! the circumference of the head
was nearly twenty-one inches.

Cases have also occurred in which enlarge-

ment of the foetal belly from ascites has been
suflicientto impede delivery ; no such case has

come under the writer's observation, but others

have met with them.§ In another section of

this article a case is noticed, in which immense
distension of the foetid bladder produced great

difficulty in effecting the delivery. See p. 335.

In such cases hydrocele has been sometimes
observed at birth, and in other instances also.||

Ollivier (d'Angers) has described a case of

dropsy confined to the cavity of the great epi-

ploon in a well-formed child dead-born at the

eighth month : the laminae of the peritoneum

were separated by a serous fluid of a yellow

colour, and perfectly limpid, in which were

floating flakes of albumen : the posterior layer

of the epiploon was slightly opaque. The
tumour distended the abdomen enormously,

and there was fluctuation as in ascites : there

were present all the characters of circumscribed

inflammation of the epiploon.^

Induration of the cellular tissue.—Tliis pe-

culiar affection, in the great majority of

instances, does not invade the system for some
days after birth, and even then it is of rare

occurrence. My experience has not afforded

me an opportunity of examining more than

two cases, which were not congenital.

It has been already described in this work
(see Cellular Tissue, p. 516), and it ap-
pears only necessary to add here that the

affection is sometimes found fully established

at birth. " Many children," says Andral,**
" come into the world with this affection," and
we have the testimony of Billardff and others

to the s.ame effect. Jaundice has been more
frequently found than any other affection in

• An accurate cast of it is preserved in the wri-
ter's museum.

t Cases in Midwifery, vol. ii. p. 525.

j Lend. Med. and Surg. Journ. Sept. 17, 1836,

p. 86.

§ Sec Gardien, Traite complet d'Accouchemens,
lorn. iii. p. 106; Duges, Diet, de Med. et de Cbir.

Pratique, torn. viii. p. 303.

I| Gractzer, Die Krankhciten dcs Ftetus, p. 159
;

Billard, Malad. des Enfans, p. 630.

% Archives Generates de Med. Mai 1834.
•• Anat. Pathol, by Townsend and West, vol. ii.

p. 580.

tt Malad. des Enfans, p. 178.
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conjunction witli this oedema of the cellular

tissue. Of seventy-seven cases examined by
Billard, tliirty were afl'ectcd with jaundice.*

I'or a very full account of this subject see

Graetzer, die Krankheiteu des I'oelus : section

iclerodcmia.

Cutuncous affections.—Lesions of the skin

are probably the most numerous class of affec-

tions to which the foetus in utero is liable.

Some of these apjjear to be in a great mea-
sure mechanically produced in consequence
of the occurrence of other diseases, as in cases

of spina bifida, encephalocele, and other tu-

mours of the head. In these instances the

skin covering the tumour is first attenuated

as it is distended, and subsequently it disap-

pears altogether, and not unfrequently becomes
ulcerated. In some instances the injury

ob.served on the skin is the result of inflamma-
tion either attacking the skin itself or the mem-
branes of theovum ; in the former case abscesses

may form and ulceration be produced. I have
frequently seen instances of both, and also

very distinct cicatrices, which must have been
a considerable time in existence. OUivier
(d'Angers) describes a remarkable case of ulce-

ration on the legs of a child bom with clubbed
feet.f I have more than one instance in my
museum of destruction of the skin from adhe-
sion having taken place between tlie foetus and
the membranes. Excrescences from the skin

have been observed by the last-named author,

Uillard,J and others. Tlie writer once attended

a la<ly who gave birth to a very fine healthy

child with two excrescences attached by pe-
dicles over the third phalanx of each little

finger. Nsevi of diflerent kinds existing at

birth are matters of common observation, and
in not a few instances petechiac have been
observed in the form usually denominated pur-
pura h£Bmorrhagica.§

\'ery many instances of the eruptive diseases

have been noticed in the immature foetus and
child at birth. Vogel and Rosen mention in-

stances of chilbren bom with the traces of
measles, and Guersent says|| he saw an infant

born with the eruption on it, having taken the

disease from the mother.

In the course of the last year I attended a
patient who was delivered a month before her

time, when just recovering from an attack of
scarlatina; the child's skin exhibited the erup-
tion in several places : it recovered.

* Ibid, p. 179. Sec also Deatschberg, Dissert,
de ttiinor. nonniil. congenilis.Vratislav, 1822, p. 21;
and Ahbitd. t. ii. Legcr, Considerations sur IMa-
durcisscnient du tissii ccUulairc chez tos uouveaux-
nes. Denis, Theses do Paris, n. 159, annce 1824,
dc riudurcisscment du linsu cellolaire. Sec. and
Rcchcrchcs d'Anat. et de Physiol. Pathol, sur plu-
sieurs Maladies dei Enfans nonvcaux-ncs, Paris,
1826, p. 145. Orfila, Lemons de Med. Leg. p. 375.
Alibcrt, Nosol. Nalurelle, p. 495-499.

t Aich. Gen. dc Med. Mai 1834.

X Maladies des Enfans, p. 79.

^ Sec Billard, op. jam til. p. 92, 3. Graetzer,
p. 60. Cruvcilhier, liv. xv. pi, ii. p. 2, 3, obs.
4 and 5.

II
Dici. de Med. t. xviii. p. 513. For several

other references see Graetzer, die Kraukheitcn
des Fceius, p. 46.

Small-pox has been observed on the child at

birth and under remarkable circumstances, as

in cases where the mother had not been affected

with the disease during gestation. See cases

by Jenner, Med. Chir. Trans, vol. i. p. 269

;

and a very remarkable one by Mead, in which
" a certain woman who had formerly had the

sraall-pox, and was now near her reckoning,

attended her husband in the distemper. She
went her full time and was delivered of a dead
child. It may be needless to observe that she
did not catch it on this occasion, but the dead
body of the infant was a horrid sight, being

all over covered with the pustules ; a manifest

sign that it died of the disease before it was
brought into the world." Works, edit. 1767,

p. 253.

Billard* mentions having seen in theMuseum
of Guy's Hospital a foetus of six months covered
with pustules of small-pox, which was bom
when the mother was just recovering from the

disease.

" Mary Gatton had confluent small-pox in

the seventh month of her pregnancy ; eighteen

days from the first attack of the eruptive fever

she was taken in labour and delivered of a
child, which seemed to have been dead five or

six days. Its body was covered with confluent

small-pox. The pustules were white and full

of matter, and from their size seemed to have
nearly attained their maturity."f

" A lady was inoculated in the seventh

month of her pregnancy, and on the ninth day
from the accession of the emplion, which was
moderate, she received a fall ; from that period

the motions of the child were no longer per-

ceptible : in eight days after she was taken in

labour, and delivered of a dead child covered
with a great quantity of variolous pustules,

which were promment and in a state of suppu-
iation."t

Pemphigus has been observed on the child

at birth by Lobstein,§ Joerg,|| and others.

When the system of either parent retains a
taint of syphilis, the child very frequently exhi-

bits at the time of birth unequivocal evidence
of being contaminated by the disease, and
sometimes of having already fallen a victim to

its ravages; though in the majority of such
cases the children are born alive, often appa-
rently healthy, and do not exhibit any appear-

ance of disease for a few weeks.

In many instances children so tainted are

born in a state of complete putridity, and with
the skin either already stripped off or quite

loose and detached ; in other instances, which
are much more rare, the children have been

boro alive, with a well-marked syphilitic erup-

* Op. jam cit. p. 97. Sec also Graetzer, op.
cit p. 27.

t Paper by Dr. Bland in Simmons' Lond. Med.
Journ. vol. ii. p. 204.

t Mem. Lond. Med. Sac. vol. iv. p. 364.

§ Journ Complem. du Diet, des Sci. Med. t. vi.

p. 1.

II
Handbuch der Kinderkrank. 1826, p. 310.

See also Sicbold, Journal fiir Geburtshiilfp, &c. iv,

Bd. 1, St. 1823, s. 17. Meissner, Kinderkrank.
heiien 1. p. 406, 410. Wichmann, Beitrag zur
Kenntniss von Pemphigus, p. 15.
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tion on the skin, as in the cases recorded by
Cruveilhier,* Dr. Collins,f and others. I

am indebted to Dr. Collins for a very accurate

drawing of one of his cases; tlie skin of the

child generally was of a very dark hue ; scat-

tered over different parts of the body were
brownish or copper-coloured blotches, inter-

mingled with pustules and with large vesicular

patches containing a straw-coloured purulent

fluid, along with which there were also nume-
rous superficial ulcerations of a bright red

colour.

Affections of the heart and pericardium.—
Independently of the innumerable irregularities

of structure and malformation to which the

heart is liable, experience has shewn that both
it and its pericardium are sometimes attacked
by disease in utero.

Denis gives an account of a case of hyper-
trophy of the heart at birth.J The following

case of scirrhous tumours in the heart is

described by I3illard.§ On opening the body
of a child of three days old Ke found on the

anterior surface of the heart along the inter-

ventricular line three projections of a whitish

colour ; they were buried in the substance of

the wall of the left ventricle and the inter-

ventricular septum, projecting a little into the

cavity of the organ. When cut into, they
creaked under the scalpel, and the cut surface

exhibited closely interlaced fibres, j^erfectly

resembling, both in appearance and form, those

of scirrhus. Cruveilhier details a highly

interesting case of aneurism of the right auricle

and ventricle in consequence of the obliteration

of the orifice of the pulmonary artery. The
child was bom at eight months and a half in a
state of extreme debility, and lived only five

days, all which time the respiration was im-
perfect, embarrassed, and almost convulsive.

On examination the heart was found enor-

mously enlarged, filling more than half the

thorax, and pushing back the lungs, which were
of small size. The right cavities were so en-

larged as to constitute seven-eighths of tlie

whole organ ; the valve of the right auriculo-

ventricular opening was attached and fixed in

such a way that the blood passed as freely

from the ventricle into the auricle as in the

opposite direction, and there were floating

granulations on the free edge of the valve.

The orifice of the pulmonary artery was com-
pletely obliterated, but otherwise the artery

and its divisions were healthy
.||

" IIow could

life," asks Cruveilhier, " be maintained for five

* Anatomic Pathol, liv. xv. pi. 11, p. 6, obs.

t Practical'iVeatise on Midwifery, &c. p. 608, 11.

On this subject see Doublet, Memoirc sur la Vcroie

des Enfans nouveaux-ncs, Paris, 1781. Dr. Bcatty,

Trans. Assoc. Coll. Phys. in Ireland, vol. iv, p. 31.

Haase, de .Syphilidis recens natorum pathogenia,

Lipsia;, 1828. J. F. H. Albers, Ueber die Er-

kenntniss und fiir der Syphilischnn Hautkrank-

heiten, 1832. Wendt, Kinderkrankheitcn iii. Aufl.

p. 109. Duges, Diet, de Med. et dc Chir. Pra-

tique, vol. viii. p. 298. Colles, Practical Obser-

vations on the Venereal Disease, 1837, p. 262.

? Rccberches d'Anat. ct de Phjs. Pathol. &c.

des Enfans, p. 353, Paris, 1826.

4 Maladies des Enfans, p. 647.

II
Anat. Pathol, liv. xv. pi. ii. p. 4, obs. 8.

days ? there did not pass a drop of blood into

the lungs from the right ventricle. I think

that the entrance of the blood into the lungs

was partially accomplished through the ductus

arteriosus ; it is probable that life would have

been maintained if the foramen ovale had
remained free and open." It appears to me
that the explanation here offered by tlie author

is probably correct, as I once saw an instance

in which a child affected with the morbus
coeruleus lived a year and a half, and on exa-

mination we found that the aperture of the

pulmonary artery was completely obliterated

wliere it should have joined the right ventricle,

but the aorta had an opening into it from both

ventricles, and the ductus arteriosus was quite

open and free ; and my opinion then was that in

this way sufficient blood was transmitted to the

lungs and revivified for the imperfect support of

life; the foramen ovale was open. Billard also

met with an insUtnce of aneurism of the ductus

arteriosus in a new-born child : the heart was
larger than usual, the duct was of the form of a

large cherry-kernel and filled with fibrinous co-

agula dispo.sed in layers, as they are found in

the aneurisms of adults.* How far this affection

truly deserves the name of aneurism seems
somewhat doubtful ; but the writer, not long

since, met with a similar condition of the

ductus arteriosus when examining the body of

an infant which died suddenly.

Pt>7car(/(fis.—Evidences of the existence of

this disease have also been frequently met with.

In a child only two days old Billard found

between the opposite surfaces of the pericar-

dium adhesions so firm as to lead to the con-

clusion that they must have been formed during

foetal life;t and in the case of a child which
lived only an hour Cruveilhier found, in addi-

tion to anasarca, ascites, and purpura, effusion

in the sac of the pleura and a great quantity of

fluid in the pericardium! Speaking of this

affection, Andral says, " It is a fact which one
would never imagine, a priori, that irritation

of the pericardium terminating in the formation

of false membranes or purulent effusion into

its cavity is a common enough disease in the

foetus, even more so, perhaps, than in the

adult."§

The thymus g/n«(i.—Considering the num-
ber of padiological lesions to which we have

just seen that the lungs are liable, although

being organs in a state of complete quiescence

during fcetal life, we cannot be surprised that

the thymus, which attains so great a degree of

development (if not its greatest) before birth,

should frequently exhibit evidences of morbid

over-action, and accordingly several instances

of the kind have been recorded.

Cruvedliier relates a case of a child which

lived only a few minutes, and under whose

sternum there was a large collection of pus

which was lodged partly in the thymus and

partly in the anterior mediastinum; the thymus

• Op. jam cit. p. 567, and atlas pi. 8.

t Ibid, p. 571.

j Anat. Pathol, liv. xv. pi. ii. p. 3, obs. 5.

5 Patliol. Anat. by Townsend and West, vol, ii.

p. 702, 3.
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wag much enlarged, contained Kveral tuber-

culated cells tilled with pus. He considers it

a tubercular aHectioo of the thymus, or in

other words, a chronic intlammation of that

organ.*

Veront found the thymus at birth very volu-

minous, much inflamed, and containing a
quantity of pus.

Tilt thyroid gland.—^This organ has been
found exhibiting similar lesions to those just

described, instances of which are recorded by
l'rancus,J Carus,§ IIufeland,|| and others.

Abnormal conditions nj' thefatal bladder.—
The consideration of this subject necessarily in-

volves the disputed question, whether urine

be secreted by the child before birth, of which,
however, the writer feels fully convinced by
facts within his own observation.

In the year 1824 I attended a patient who
wa.s delivered of a still-bom child, which had
an unusual prominence of the lower part of the

abdomen ; on laying my hand over the part, I

ascertained the existence of a tumour of extra-

ordinary firmness, which, on opening, I found
to be the bladder, distended to the size of a
large orange, remarkably tense, and containing

a fluid having the appearance of urine : it was
not, however, chemically examined ; the ure-

ters were so distended that their coats were
diaphanous, the diameter of those canals being
nearly an inch, and tliey were very much con-
voluted in their length, which greatly exceeded
what is usual : the pelves of the kidneys were
in a similar state of distension ; the urethra,

where it joined the bladder, was completely
impervious.

In the course of the last year I was in

attendance on a lady who had in her former
labours suffered frightfully from hemorrhage
coming on after the birth of the child; as a means
of preventing the recurrence of so dangerous
an accident, I conducted the delivery witli the

greatest caution, and allowed tlie uterine con-

traction to effect the expulsion of the child,

even to the feet : but while it was lying with

the legs and thighs still within the vagina, the

penis became partially erected, and a stream
of urine was exi^elled in an arch, to the amount
of at least six or seven ounces.

The following case, related by Mr. Fearn.^T
is a striking example of the degree to which
the bladder may be affected before birth. After
the expulsion of the child's head, the extrac-

tion of the body was found impracticable, even
after mutilation of the upper extremities, and
evisceration of the thorax. An elastic tumour
was now felt in the situation of the diaphragm

;

this was punctured, and immediately an im-
mense quantity of reddish watery fluid escaped,
and the delivery was easily completed. On

• Anat. Pathol, liv, xv. \A. ii. 6g. 2.

t Mem. dans la seance de I'.Vcad. Royalo de
Med. 26 Aout, 1825.

{ Eph. N. C. Doc. U, an. v. obs. 223.
« Lcipz. Lit. Zcit. 1816, p. 238 ; 1817, p. 301 ;

1819, p. 452; 1820, p. 241, and Uyna>kologia ii.

p. 253.

II
Journal, 1827, Bd. 64, p. 26.

^ See Lancet, vol. ii. for 1834-35, p. 178.

examination, the child appeared to have arrived

at the seventh or eighth niutith ; llie parietes of
the abdomen were large and flaccid, and in its

cavity was an immense sac, the coats of which
were three or four lines in thickness, and tra-

versed in every direction by numerous large

vessels gorged with blood. This sac was, after

careful dissection, distinctly made out to be
the urinary bladder which had been enormously
distended by the secretion from the kidneys ; its

muscular fibres were much hypertrophied ; it

had no communication with the urethra ; the

penis was well developed, but the urethra passed
down along it only as far as its membranous
portion. The kidneys were flabby, and their

secreting and tubular portions much attenuated,

owing to the distension tlie pelvis of each had
undergone; the ureter on each side, when
inflated, was nearly an inch in diameter, and at

one side the valvular opening into the bladder
was large enough to admit readily the point of
the little finger. Tlie bladder when filled with

water contained upwards of two quarts. Tlie

rectum terminated in a blind pouch in the pelvic

cavity, and there was, consequently, no anal

opening.* There was besides an arrest of de-

velopment of the right lower extremity, the

limb becoming suddenly wasted immediately
below the knee, and having attached to it a
foot no larger than, and in every way resem-
bling that of an embryo of the tenth or twelfth

week. The body appeared in other respects to

have been tolerably well nourished.

In a case mentioned by Dr. Lee.t which
occurred to Mr. Hay of Usnaburg-street, the

child's abdomen was so large at birth in the
eighth month that it passed with difficulty

through the pelvis, and the enlargement was
found to arise from an accumulation of fluid

within the kidneys, produced by an impervious
state of the ureters. The right kidney, which
resembled a thin cyst filled with a watery fluid,

was larger than the head of the child ; the left

did not exceed half this bulk ; it contained four

ounces, and the other nine, of a fluid resem-
bling urine, and which, when examined by Dr.
Prout, was found to contain the chemical con-
stituents of that fluid. The child had also a
double hare-lip and clubbed feet.

Mr. Howship examined the body of a child

which died a few hours after birth in the eighth

month ; it had distorted feet, imperforate anus,

and the lower part of the abdomen was occupied
by a large circumscribed tumour, which proved

to be the bladder, the coats of which had ac-

quired a very extraordinary degree of strengtli

and tliickness ; the ureters were thin and mem-
branous from distension and curiously con-

torted, and terminated in what appeared like a
congeries of small hydatids no larger than garden

peas, loo,<;ely connected together by a cellular

texture; these were the kidneys in a morbid state:

the urethra was impervious. Mr. Howship
alludes to two other nearly similar cases.J

* The writer had lately an opportunity of ex*
amining a epccimcn of this pccnliaiity in Dr, Mur-
phy's collection.

t Med. Chir. Trans. voL xi«. p. 238.

X TreaUse on the Urine, &c. 1823, p. 374, 6.
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Other instances of this condition of tlie

urinary apparatus are recorded by otlier writers,*

and in particular Meckel has related a case in

which it was conjoined with several other very

remarkable deviations.f

Urinary deposits.— It is no slight confirma-

tory proof of the secretion of urine by the foetus,

that urinary deposits have been discovered in

the kidneys, ureters, and bladder, lirendelius

mentions two cases, in one of which a child

only two days old, and in the other one of
eight days old, passed calculi before death; and
calculi were also found in their bladders. J

Loeseke found a calculus in the kidney of a
new-boin child.§ Hoffman relates the case

of a German princess who was afflicted with

renal calculus, and gave birth to a daughter,

who from the hour of birth suffered excru-

ciating pain when passing water ; the child

died when three weeks old, and on examin-
ing the body a calculus as large as a peach
kernel was found in the bladder.|| Orfila

saw two cases in which there were calculi in

the bladder and in the kidneys at birth.f^

Premature dcvelopemcnt of' teeth. — It is

hardly necessary to remark that at an early

period of foetal existence the teeth begin to be
developed, and it is equally a matter of com-
mon observation that they do not in general

emerge from their alveoli and pass through the

gums until several months afterbirth. But many
instances have been observed in which some of
them have been found developed and projecting

above the gums at birth.

I have before me at this moment four teeth

of tliis kind taken from the gums of the only
two children of a patient of mine ; in each
child the two middle incisors of the lower jaw
were found projecting at birth, and in each
instance it was found necessary to extract them
after a few days, in consequence of their cut-

ting the child's tongue and preventing it from
sucking.

Louis XIV. and Mirabeau are well-known
instances of this premature developement of
teeth, and many other cases are recorded by
different authors ; for several references see

Graetzer.**

This abnormal condition of the teeth has
been frequently found accompanying certain

deformities of the face, Especially hare-lip and
cleft palate.

Intestinal worms,—However repugnant to

our ideas of probability the existence of worms
in the intestines of the foetus in utero may at

* See BiUard, Maladies dcs Enfans Nouveaux-
nes, &c. p. 431 et seq. ; OlUvier d'.ln^ors. Archiv,
Gen. de Med. t. xv. p. 37) ; Mr. Wilson, Med.
Chir. Trans, vol. xix. p. 248. ; Ruysch, Sandifott,
Wrisherg, Chaussier, and Vrolik have described
such cases.

t Journ. Complem. des Sciences Med. t. xiii.

p. 335.

X Program, de Calcul. Vesic. et ceteris Natal.

;

also Obs. Anat. Dec. iii. ob. 1.

« Obs. Anat. Chir. Med. p. 39.

1)
Dissert, inaug. de morbis foetus in utero ma-

tcrno, Hala; Magdeb. 1702.

1! Lemons de Med. Leg. Paris, 1828, t. i. p. 297.
** Die Krankheiten des Foetus, p. 141.

first sight appear, too many instances of the

fact have been observed by authors of credit to

allow of any doubt remaining on the subject

;

I must, however, add that no case of the kind

has come under my own observation. So far

back as the writings of Hippocrates, we have

an account of a tapeworm found in a foetus ;

and it seems very probable that in the instance

mentioned by Hufeland,* in which he found a
tapeworm thirty ells long in a child of six months
old, the animal must have existed in the child

before birth. Kerkringiusf found in a foetus of

six months and a half, whose abdomen was
much enlarged, worms of the kind usually met
with in children (ascaris lumbricoidesor verrai-

cularis). Dola;us| speaks of a dead-born

child in whose intestines he found a knot of

worms ; and similar observations have been

made by Schrceter and others. According to

Iloederer and Wagner the whipworm (trichuris)

was found in a case in which the foetus partici-

pated in the disease (morbus mucosus), under

which the mother was labouring at the time.

Other instances are noticed by Brendel,§

Bloch,|| Rudolphi,1T and Griietzer.**

Imperforate emu.i.— Cases of imperforate

anus, of the ordinary kind, are too numerous

and too well known to require any particular

observation ; but this imperfection has been

occasionally accompanied by other peculiarities

deserving to be noticed ; one or two are,

therefore, subjoined in addition to the full

account of congenital malformations of this

part given in the article Anus.
Dr Steel has recently recorded the particu-

lars of a case of a new-born infant, who was
observed, one or two days after birth, to have

feculent matter, mingled with the urine, dis-

charged by the urethra. The parts behind the

scrotum were perfectly natural in every respect,

except the want of an anus, of which there

was not the slightest vestige ; the spot where it

should have been was smooth, and of a uni-

form colour with the adjacent parts; the

sphincter muscle was evidently wanting, and
there was nothing to indicate an accumulation

of faeces in the vicinity.

For the first three or four weeks the child

continued fretful, and was evidently declining

in vigour and growth ; but from that period to

a short time before its decease it apparently

suffered but little, nor did its growth or

strength seem to be at all impeded. It was
born on the 13th of April, and in the latter

part of the ensuing March its bowels became
obstinately obstructed, the scrotum enlarged,

and became extremely tender; and on the 30lh

of the same month it died.

On dissection, two apple-seeds of a large

• Journal Bd. 18, st. i. p. 3, quoted by Brem-
ser; Traite des Vers intestinaux, p. 181.

t Spccilcgium Anatomicum, Amstel, 1670, obs.

79, p. 154.

j Encyclop. Med. lib. vi. cap. 10, p. 1011.

i Pallas, dissert, dc inf. viv. p. 59.

[I
Preisschrift liber die Erzeugung Eingeweide-

wurmer, Berlin, 1782, p. 38.

f Entozoa i. p. 387 ; Pallas, p. 43.
•• Die KraakheitcD des foetus, Breslau, 1837,

p. 107.
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size, together with a portion of the caitsule or

hull which surrounds them, were found lodged
in the urethra, about three-fourths of an inch

from its termination ; they were so situated as

completely to obstruct the passage, and a
small opening had been formed immediately
behind them in the urethra, through which
some of the contents of the bladder had been
infused into the cellular tissue, and extended
to the scrotum, producing inflammation and
gangrene, and so causing the child's death.

The contents of the abdomen appeared
perfectly natural, except the colon sinistrum

or descending colon, which was found to be
entirely destitute of the sigmoid flexui-e ; the

gut passed along the lefl lumbar and through
the iliac regions in nearly a straight line to the

neck of the bladder, into which, af^er making
an abrupt but imperfect curve, and being sud-
denly contracted in its dimensions, it was in-

seiled just behind the base of the prostate

gland. The aperture which united the gut and
bladder into one common receptacle for their

respective contents was of sufJicient capacity

to admit a large-sized goose-quill; through
this aperture the urine found a ready egress

into the intestine, where, becoming united with
the contents of that receptacle, it was forced

back into the bladder, and finally excluded
through the urethra. The space between the

perineum and the termination of the intestine

was occupied by a soft fatty substance, but there

was not the slightest vestige of a gut.*

Tlie subjoined woodcut represents the parts

of one half the natural size when merely in-

flated.

Fig. 160.

a, the penia. b, the bladder, e, the colon.

We liave given the above in detail, not
merely on account of the remarkable nature of
the anatomical deviation, but as connected
with the still more interesting fact, that life

was under such circumstances sustained, and
healthy defajcation accomplished for nearly a
year after birth.

M. Roux of BrignoUes operated success-

fully in May, 1833, on a new-born child, in

whom the same malformation appears to have
existed ; no trace of anus coulcl be discovered

• American JoDrnal of the Medical Sciences,
No XXX. p. 404.

vol.. 11.

in the perineum, and the rectum terminated at

the urethra, through which some fiecal matter
was discharged ; tlie infant lived, and enjoyed

good health.*

Rickets.—Deformities of the bones arising

firom rickets have been occasionally observed

both in the child at birth and in tlie immature
fcetus ; but the instances have been few in

number ; the writer has never had an opportu-

nity of examining a case of the kind, but they

have been described by authors of credit.

Pinel has given an account of a ricketty foetus

of eight months, in which the deformity was
chiefly confined to the lower extreraities.f

ChaussierJ examined another at the Maternito

at Paris, in which there was distortion of the

back and thorax, with softness and flexibility

of the bones. Several other writers of respect-

ability have described this afl°ection.§

Jaundice.—The foetus in utero, as well as

the child at birth, has been found exhibiting

all the characters of true jaundice. In the case

of a lady, related by Dug6s,l| who was herself

liable to frequent attacks of this disease, and
had biliary calculi, all her children were born

dead, and strongly coloured by jaundice. It

is not, however, always fatal to the child affected

with it before birth.

Cirronosis.— Under this namelT Professor

Lobstein of Strasburg has described** an affec-

tion of the fcetus in which the serous or trans-

parent membranes, as the peritoneum, pleura,

pericardium, and arachnoid, were stained of a
strong yellow colour, which in some instances

was found to pervade also the brain, spinal

marrow, and tne great sympathetic nerves.

The cause of this peculiar colour is altogether

a matter of doubt, but it differs from jaundice
in not affecting the parenchymatous cellular

tissue of internal organs, the subcutaneous

cellular tissue, nor the skin, and it is found so

early as the third and fourth months, a period

at which the bile is not as yet secreted. For a
more ample account of this affection see the

article Cirronosis.
Accidental morbid tissues observed in the

fattis.—Some of these have been already inci-

dentally noticed under different heads in the

present article, but it appears desirable to

* See Medical Gazette for June 28th, 1834: or
the American Medical Journal, No. xxx. p. 531,
where there is an account of the mode in which the
operation was performed.

t La Medecine eclairce par lea Scicncea Phy-
siques, lom. i. p. 111.

X Diet, des Sci. Med. torn. xvi. p. 67.

$ Loder, Index Preparator. &c. MoRquas, 1823,
sec. ii. D: Sartorius, Rachit. Congenit. Obs. 4to.

Lipsix, 1826, cumtabulis; Romberg, De Rachit.
Congenit. Berolina:, 1817, cum tabulis; Otto,

Seltene Bcobachtung, 1 Sam. tab. i. fig. ].; Scem-
mering, Ahbildung. u. Bcschreib. einiger Missge-
buTten, p. 30. pi. xi -, Bordenave, Mem. de Mathem.
el Phys. torn. iv. p. 545 ; Lepelletier, Maladie
Scrofulcusc, Paris, 1830; Hrncliel, Abhandl. Chi-
rurg. Oper. Th. ii. p. 14 ; Glisson de Rachitide,

p. 178.

II
Diet, de M6d. ct de Chir. Prat. t. viii. p. 301.

'i From xifjioc, yellow, and »«r»{, a disease.
*• In the Repertoire Generale d'Anatomie, &c«

No. i. p. 141, and plate iv.

T.
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here as a group for the sake ofadvei't to tlieiii

distinction.

Tubercles liave been found by the writer and

oliifis, as already referred to, in the lungs,

liver, brain, spleen, peritoneum, and mesen-

tery, the glands of whicli have been found by

Oihler in a state of complete scrofulous dege-

neration, not only in children born of a scro-

fulous mother, but in others also: in some

instances the tubercular formations were found

in a state of suppuration.*

Scirrhous tumours have been already des-

cribed as found in the heart.

The only instance of fungus hamatodes in

the foetus of which the writer is aware, is one

which he had, not long since, an opportunity

of observing t with Dr. Alcock and Dr. Evan-

son in a child which lived only nine weeks ; at

birth an unusual fulness was observed about

the perineum and anus, which increased ra-

pidly until these parts became greatly pro-

truded, and a tumour was formed of the size

of a very large orange ; convulsions came on,

and the child died after much suffering : on

examination, the tumour was found to be a

perfect specimen of fungus haematodes.
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FOOT, BONES OF THE (in human ana-

tomy).—The foot fpcs ; Gr. irovf, Yx.lepicd;

Germ, der Fuss) forms the inferior segment of

the lower extremity, being united to the leg at

the ankle-joint nearly at a right angle, so that

in the erect position on a plane surface the foot

is horizontal. The outline of the foot circum-

scribes an ovoidal fit;ure, the long axis of which

is directed from before backwards ; and in the

same direction the foot is divided into three

segments, the anterior one surpassing that

behind it in mobility, but falling short of it in

solidity. These divisions are the tarsus, meta-

tarsus, and the toes.

The size of the foot, taken as a whole, varies

in different individuals : it always exceeds tliat

of the hand, chiefly, however, in length and

thickness, its breadth being less than that of

the hand. In the hand we find divisions pre-

cisely analogous to those of the foot above

mentioned and similarly constructed, with this

difference, that the solid part of the foot is

more solid and more develo|)ed in every way

than the corresponding part of the hand, but

the moveable parts possess less mobility than

the analogous segments of the hand. The
parts of the foot and hand, as Mr. Lawrence

observes, are disposed inversely in respect to

their importance. The posterior portion of the

former and the anterior of the latter are of the

most consequence and possess the most remark-

able characters. In short, the foot is nothing

more than the hand so modified as to afford a

firm basis of support to the inferior extremity

in the erect posture. One of the most remark-

able of these modifications is that manifest in

the metatarsal bone of the great toe, which

corresponds to the metacarpal bone of the

thumb. The latter bone is connected with the

carpus so that it forms an acute angle with the

second itietacarpal bone. It enjoys at its arti-

culation with tlie carpus a considerable degree

of mobility, in virtue of which exists the

opposable feculty of tlie thumb. On tlie other

hand, the metatarsal bone of the great toe

enjoys but a very limited degree of mobility at

its articulation witli the tarsus : it lies parallel

to the adjacent bone and possesses considerable

strength. These remarkable differences, says

Mr. Lawrence, are easily understood when we

consider that tlie great toe, as one of the points

on which the body is supported, requires

solidity; while the thumb, being concerned in

all the numerous and varied motions of the

hand, must be organised for mobility. Those

animals in wliich the inferior segments of both

anterior and posterior extremities are eminently
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required for prehension have the inferior seg-
meiibi of all four extremities organised as hands,
and are thence denominated Quadrumanous.

The most elevated piut of the foot is at its

posterior part, where it contributes to form the
ankle-joint; thence it inclines forwards, gra-

dually expanding transversely, and presenting
a more or less convex surface from behind
forwards. This is the dorsum pedis, the instep.

The inferior surface likewise expands as it

|)roceeds forwards. It is slightly concave in

the transverse direction, and more roanifestly

so in the antero-iwsterior one ; this latter, how-
ever, varies in a degree proportionate to the
convexity of the dorsum. This is the planta
pedis, the sole.

The internal edge of the foot corresponds to

the great toe, tlie external edge to the little toe,

the anterior to the ends of the toes, and the
posterior extremity of tlie foot is formed by the
OS calcis.

I. Tarsus {Germ, die Fusswurzel).—Nearly
the posterior half of the foot is occupied by
the tarsus, which is arranged in the form of an
arch, convex superiorly, on the highest point
of which rests the weight of the leg. Seven
bones enter into the formation of the tarsus

;

they are arranged in two sets or rows. The
posterior row is formed by the astragalus and
OS calcis, the anterior row by the os nuvieulare,
the OS cuboideum, and tlie three cuneiform
hones. Through the medium of the 6rst two
bones of the anterior row that row is articulated

with the posterior.

1
. Astragalus (a<rr{ayaXo{, tit^vjo;, os ba-

listce, talus; Fr.t'astragale ; Germ.d;is Knoch-
clbrin Oder Sprungbein).—This bone is situated

between the tibia and the os calcis, and has
the navicular bone in front of it. In point of
size it ranks second among the tarsal bones,
the OS calcis being first.

The a-stragalus is commonly divided into
three parts for the jiurposes of description, viz.

the head, 7ieck, and body. The head is that

convex portion which forms the anterior part of
the bone, and which is entirely articular. This
smooth, oval, articular head is adapted to the
posterior concavity of the navicular bone. The
aspect of this surface is forwards, inwards, and
slightly downwards. On the inferior part of
the head we notice another articular facet,

planiform, situated internally, and generally con-
tinuous with the articuhu- surface last described.
Hy means of this facet the astragalus moves
on a corresponding surface on the upper and
anterior part of the os calcis.

The head of the astragalus is connected to
the body by a narrow contracted portion called
the neck, which is rough on all its surfaces,
giving insertion to ligaments and i)erforaled by
numerous foramina for the transmission of
vessels. Tlie external side of the neck pre-
sents a remarkable excavation, which affords
insertion to and contributes to bound a space
for the lodgement of a strong ligament which
passes between the astragalus and os calcis.

All that portion which is behinil the nock
constitutes what is called the body, on which
we notice five surfaces, a. The superior sur-

hce forms an articular trochlea, convex from
before back^vards, and slightly concave trans-

versely; it articulates with the inferior extremity

of the tibia:* immediately in front of it there

is a roughness of very limited extent, which
affords insertion to ligamentous fibres, b. The
posterior surface is almost wholly occupied by
a well-marked groove, which passes obliquely

downwards and inwards.and is destined to lodge

the tendon of the flexor pollicis longus. c. The
external surface is occupied by a triangular

facet, whose base is direct upwards and is con-
tinuous with the articular part of the superior

surface of the body ; this facet articulates with

the fibula. It is bounded below and behind
by a rough portion for ligamentous insertion.

d. The internal surface is also articular in its

upper half for the adaptation of the inner

malleolus : it, too, is triangular, and by its

base is continuous with tlie superior surface.

Below this internal malleolar facet the bone is

rough and irregular, and here the internal

lateral ligament of tlie ankle-joint is inserted.

Lastly, the inferior surface is occupied almost
entirely by a concave articular facet, oval, with

its long axis directed from within outwards and
forwards ; this facet is articulated with a corre-

sponding one upon the os calcis. Immediately
in front of it there is a deep and narrow depres-

sion which separates it from an oval planiform

facet for articulation with the sustentaculum of
the OS calcis.

2. Os calcis {vri^ta, axs^tf; Fr. U calca-

Heum, OS du talon ; Germ, das Ferscnbein ; the

heel-bone).—This is the largest bone of the

tarsus ; it occupies the most posterior part of
the foot, and is situated immediately under-
neath the astragalus, of which it constitutes the

principal support. Its greatest extent is from
before backwards. It is somewhat flattened on
the sides: its direction is horizontal, the foot

in standing resting upon the most posterior part

of its inferior surface. This horizontal direc-

tion of the heel-bone is one of the arguments
which anatomy affords in support of the asser-

tion that the erect posture is natural to man.
We notice six surfaces u))on this bone.

a. The superior surface, or that upon which
the astralagus rests. On it we observe in front

three articular facets, separated from each other

by distinct intervals : the first or smallest is

situated at the anterior edge of the surface and
at its intenial angle, and is articulated with the

facet on the inferior part of the head of the

astragalus ; it is not constant. The second is

posterior and internal to the last, separated

from it by a rough depression about a quarter

of an inch in extent. This is oval, slightly con-

cave, and is marked upon a projecting portion

of the bone which overhangs the anterior part

of the internal surface, and which is known
under tlie name of pnicessus intemus, or «/j-

tentitculmn cervicis tali of Albinus; it supports

and is articulattnl with a corresponding facit

on the under surface of the neck of the astra-

galus. A narrow groove on the outside of the

* See further description ia the article AnklE-
JOINT.

7. i
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facet last named separates it from the third and
largest one ; this is articulated with the fiicet

which is on the inferior surface of the body of

the astragalus; it is oval, convex, and its long
axis directed forwards and outwards. Imme-
diately m front of this articular facet there is a

hollow, rough, non-articular surface for the

insertion of the ligament wliich connects the

astragalus to the os calcis, and behind the facet

the remaining portion of the superior surface

of the bone is also non-articular, slightly exca-
vated from before backwards, varying in length

in difl'erent subjects, and on this variety de-
pends the diversity in the length of the heel.

b. The posterior surface, oval in its outline,

rough and fibrous in its inferior half, where the

tendo Achillis is inserted, smooth in its supe-
rior half where a bursa is placed, over which
the tendon glides, c. The hij'crior or plantar
surface, nearly equal in extent to the superior,

and in the natural position directed obliquely
upward and forwards. Here we find, in ex-

amining the parts from behind forwards, first,

two tubercles, upon which the heel rests in

standing, and which seem peculiarly to cha-
racterize tlie human heel-bone. These tuber-

cles are separated from each other by a depres-
sion; the internal one is greatly the larger—it

affords attachment to the short flexor of the toes

;

the external one is small and pointed, and to it

are attached tlie abductor minimi digiti muscle
and the plantar fascia. Secondly, in front of
these tubercles the bone is very rough and flat to

within half an inch of its anterior margin,
where it is slightly grooved transversely. The
whole of this portion gives insertion to the

strong calcaneo-cuboid ligament, d. The a?ite-

rior or cuboid surface, which is entirely articu-

lar, triangular, with its base upwards, slightly

concave, and articulated with the cuboid bone.
e. The external surface, quite subcutaneous,
so that here the bone is greatly exposed to

injury, and may be easily got at for surgical

operation, [t is slightly convex, its posterior

half being double the size of the anteiior in ver-

tical measurement; at the anterior part of the

former there are two supei-ficial grooves directed

obliquely fonvards and downwards, separated
by a slightly prominent tubercle. The anterior

of these grooves gives passage to the tendon of
the peroneus brevis, the posterior to that of
the peroneus longus. f. The internal surface,

excavated in its whole extent, lodges the ten-

dons and nerves which are passing from the

back of the leg to the sole of the foot ; at the

junction of its anterior and posterior halves it

is overlapped by the sustentaculum, the inferior

surface of which is grooved by the tendon of
the long flexor of the great toe.

3. Os ciiboideum, (os cubi/'orme, Fr. le cu-

boide, Germ, das Wurfelbein.)—Tliis hone
forms the external one of the second row of
tarsal bones ; it is situated between the os
calcis behind and the fourth and fifth meta-
tarsal bones in front ; in point of size it ranks
next to the astragalus. Six surfaces may be
described upon it. a. The superior or dorsal

surface, forming an inclined plane, direcled

downwards and outwards ; it is rough for liga-

mentous insertion, b. The external surface,

more properly an edge, very limited in extent,

chiefly occupied by the commencement of the

groove for the peroneus longus muscle, c. The
inferior or plantar surface, which in front pre-

sents a deep groove directed obliquely forwards

and inwards, parallel to the anterior edge, and
destined to lodge the tendon of the peroneus

longus. The posterior edge of this groove is

very prominent, and with the remainder of this

surface, which is rough, affords insertion to

the calcaneo-cuboid ligament, d. The internal

surfece has at its upper and posterior part a

triangular plane articular facet for articulation

with the external cuneiform bone, and some-

times a smaller one for articulation with the

navicular; the rest of this surface is irregular

and rough for ligamentous insertion, e. The
anterior or metatarsal surface is wholly arti-

cular, and is divided by a vertical line into two

facets, an outer one triangular and plane for

the fifth, and an inner one quadrilateral and

very slightly concave for the fourth metatarsal

bone. The external of these facets is inclined

obliquely outwards and backwards. /'. The
posterior surface is oval, with its long axis

directed downwards and outwards; itis wholly

articular and adapted to the anterior surface of

the OS calcis.

4. Os scaphoideum (from trxa^n, navis, os

naviculure, Vt.le scuplwide, Germ. das Kahnbeiv,

oder Schifformige Knochen,) forms the posterior

and internal bone of the second tarsal row, and
is placed between the three cuneiform bones in

front and the astragalus behind. It is oval in

shape, with its long axis directed obliquely

downwards and inwards; the small end of the

oval is situated internally and inferiorly, and

presents a distinct prominence or process (tuber

ossis naviculuris), which gives insertion to some
fibres of the tendon of the tibialis posticus.

Four surfaces may be described upon this

bone. a. The superior or dorsal surface, of

great extent, convex, very rough for the inser-

tion of ligaments, and perforated by foramina.

b. The inferior surface, irregularly concave,

and very rough, also affording insertion to

ligaments, c. The posterior surface, entirely

articular, oval and concave, adapted to the

head of the astragalus, although considerably

less in extent than it. This constitutes what is

called the glenoid cavity, d. The anterior sur-

face, also articular and convex, divided by two
lines which converge from above downwards,
into three triangular surfaces for articulation

with the three cuneiform bones.

5. Os.ia cnneiformiu (Fr. Ics os cuneiformes.

Germ, die Keilformigcn Knochen.) These

bones are interposed between the navicular

bone behind and the three internal metatarsal

hones in front ; they are arranged in the form

of an arch, of which the middle cuneiform is

the central or key-bone. Each is very distinctly

wedge-sha|)ed ; the two outer ones have the

acute edge directed downwards, but the inter-

nal one has it directed upwards.

The internal cuneiform bone is at once dis-

tinguishable from the oUiers by its great size.

By means of an oval concave articular surface,
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whose long axis is vertical, it is articulated

with the anterior and internal part of the navi-

cular bone, and in front a lari^e and irregular,

slightly concave articular facet adapts it to the

posterior extremity of the metatarsal bone of
the great toe. Its inner surface is convex and
rough for ligamentous insertion ; on it, towards
its anterior part, we observe an impression,

sometimes an eminence, for the insertion of
the tibialis anticus tendon ; and its plantar
surface, the base of the wedge, is thick and
prominent, and affords insertion to ligamentous
fibres as well as to those of the tibialis |>osticus

tendon. The exttrnal surface is articulated in

front with the second metatarsal bone, and
behind with the middle cuneiform, by means
of an oblong articular facet, which extends
along the up|)er part of this surface from before

backwards parallel to the acute edge, llie

remainder of the external surface is rough for

ligamentous insertion, excepting a small por-

tion about the sixth of an inch broad, which,
extending along the posterior edge, is articular

and continuous witn the posterior sur&ce of
the bone.

The middle or second cuneiform bone is the

smallest of the tliree ; its base is uppermost,
rough and convex ; its posterior surface is tri-

angular with the base superior ; it is articular

aud adapted to the middle facet on the anterior

surface of the navicular ; its anterior surface is

also triangular aud articulated with the second
metatarsal bone ; its inner surface is articular

along its upper and posterior edges, and rough
in the reniauider of its extent; this surface is

in contact with the inner cuneiform. The outer

surfece is articular along half of its upper edge
and the whole of its posterior, but rough in

the remainder, and by means of the articular

portions is connected with the external cunei-
form bone.

The external or third cuneiform bone is

second in point of size ; it is bounded on the

outside by the cuboid, behind by the navicular,

on the inside by the middle cuneiform, and in

front by the third metatarsal bone. Its pos-

terior and untcrior surfaces are both plane and
articular, the one for the navicular, the other

for the third metatarsal bone. The base of the

wedge is situated on the dorsal surface of the

fool, and is rough. The internal surface

presents at its posterior edge a facet for arti-

culation with the middle cuneiform, and in

front another for the second metatarsal ; the re-

mainder is non-articular. Tne external surface

presents, towaids its upper and posterior angle,

a plane triangular facet, which is adapted to a
similar one on the inner surface of the cuboid,
but in the rest of its extent it is rough and non-
articular.

Structure of the tarsal hones.—Like all the

short bones, those of the tarsus are composed
of a mass of spongy tissue surrounded by a
thin and papyraceous layer of compact. Hence
these bones are remarkable for tlteir extreme
lightness.

Developement. — In the third month the

cartilaginous framework of these bones is

already apparent. The largest two begin to

ossify before birth ; tlie os calcis commences at

from the fifth to the seventh month, by a single

point of ossification situate about the middle of

the bone rather nearer to its anterior part, and the

ossification is not completed till eight or ten years

after birth, when another point appeal's in the

posterior i>art of the bone, and by the extension

of it to tne first point, which is finished about

the fifteenth year, the process is completed.

The o.ssification of the astragalus commences
about the sixth month. The cuboid and navi-

cular begin to ossify immediately after birtli

by one point each, and the three cuneiform

bones are ossified, the internal about the end

of the first year, the middle and external about

the fourth year.

II. Metuturswi (der Mittelfuss).—This seg-

ment of the foot is composed of five bones

placed parallel to each other in front of the

tarsus, with which their posterior extremities

are articulated. These bones are distinguished

numerically, counting from within outwards

;

a distinct interosseous space intervenes between

each pair of bones, which in the recent state is

filled by muscle. From the arched form of

the tarsus, tlie metatarsus naturally takes a

similar arrangement by reason of its articula-

tion with it, and consequently we observe that

it is convex on its dorsal surface and concave

on its plantai:.

The metatarsal hones possess certain general

characters in common; they belong to the class

of long bones, and consequently each has its

shaft and two extremities. The shaft in all is

prismatic, slightly curved, convex on the dor-

sal, concave on the plantar surface; two of the

surfaces of the shaft are lateral, and corresi)ond

to interosseous spaces; the third is superior,

and corresponds to tlie dorsum of the foot.

The posterior or tarsal extremity of each

metatarsal bone is wedge-shaped, the base of

the wedge being on the dorsal aspect. Three

articular facets may be noticed on each, ex-

cepting the first and fifth. Tlie posterior of

these is triangular and plane, articulated with

the tarsal bones ; the r&maining two are lateral,

and adapted to con-esponding ones on the

metatarsal bones on each side.

Tlie anterior or digital extremity of each

metatarsal bone presents an articular head or

condyle, flattened upon the sides, oblong from

above downwards, and much more extended

inferiorly or in the direction of flexion than

superiorly or in that of extension. This is

articulated with the posterior extremity of tlie

metatarsal phalanx. On each side of the con-

dyle there is a depression, and behind that

an eminence to which the lateral ligament of

the meuitarso-phalaiigeal joint is attached.

In addition to the characters above men-

tioned, there are certain special cliaracters

belonging to particular metatarsal bones which

enable us to distinguish them from each

other.

The Jirst, or metatarsal of the great toe, is

distinguished, 1. by its considerable size and

its being the shortest of the five bones; 2. its

tarsal extremity is semilunar anj concave, and

has no lateral articular facet; 3. its digital
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extremity has on its plantar portion two con-
cavities separated by a ridge, with vvhicli the

sesamoid bones articulate. Tlie second clia-

racterislic is one uhich peculiarly distinguishes

this bone.

The sccvnd is the longest ; it extends farther

backwards than any of the others, and is

lodged in a niortise-shapcd cavity formed by
tlie three cuneiform bones.

The Ji/'th has the following characters :— 1.

it is shorter than the second, third, and (burth
;

2. it has no lateral articular facet on tlie outer

sideof its tarsal extremity; 3. on this same side

it is prolonged backwards and outwards into

a long pyramidal ])rocess, which gives insertion

to the tendon of the peroneus brevis. This
piocess being quite subcutaneous, it is a useful

guide to surgeons in tlie partial amputation
of the foot at the tarso-metataisal articulation.

The third and fourth resemble each other
very closely; the third, however, is a little

longer than the fourth, and the posterior ar-

ticular facet on the fourth is more quadrangular
than triangular.

The structure of the metatarsal bones is that

of the long bones in general.

Devehpemtnt.—Each metatarsal bone has
two points of ossification ; one for the body,
the other for the anterior extremity, except
in the case of the first, in which the second
ossific point is for the tarsal extremity. Be-
tween the third and fourth months the osseous
point of the body commences, and in the

full-developed foetus the body is completely
ossified. In the course of the second year
the point for the extremity appears ; the epi-

physis of the first metatarsal bone is united
first, about the eighteenth year, and this union
precedes that of the others by about twelve
months.

Toes (Digiti pedis; Fr. les orteits ; Germ.
die Zelien).—The toes are mimljered from the
inner or great toe; they gradually diminish in

length from the first io the fifth : the four

outer ones consist each of three portions or

p/ialuiiges; the great toe has only two. The
jihalanges are best named from their relations,

viz. vielulursdl, midd/c, and utigiwi.

Tlie victutarsul ))halanges are considerably

the longest. 'Jllie sliajt in each is prismatic, like

that of the metatarsal bones, convex on the dor-
sal, concave on the plantar surface. On the poi-
tcrior extremity is a concave facet, articulated

with tlie anterior head or condyle of the cor-
responding metatarsal bone. Tlie iinterior ex-
tremity is less swollen than the posterior: it

is marked by an articular surface, which ex-

tends much more on the inferior surface than
the superior ; this is concave transversely, but
convex from above downwards, and is arti-

culated with the posterior extremity of the

middle phalanx. All the metatarsal phalanges
possess these general characters : that of the

great toe is very considerably thicker than the

others, and is slightly longer; the remaining
ones differ but little in size : they progressively

diminish towards the fifth.

The middle phalanges are very .short, but
possess pretty nearly the same general characters

as the metatarsal. The posterior extremities

are articulated with the last-named phalanges

by means of an articular surface, concave

from before backwards and convex transversely.

The articular surface on the anterior extremity

is convex. The great toe is deficient in the

middle phalanx ; they diminish in size from

within and outwaids. They have been com-
pared to the pieces of the coccyx, but may
be easily distinguished by the articular surfaces.

The ungual phalanges (so called from being

next the nail, unguis) are five in number,
and decrease in size from the first to the fifth

;

that belonging to the first very much exceeding

the rest in size. The posterior extremity of

each is expanded, and has an articular facet

for articulation with the middle phalanx. The
central part or shaft is flattened, slightly

convex on its dorsal surface : its anterior ex-

tremity is still more flattened and slightly

expanded, presenting a thin convex margin.

It is rough on its inferior surface where the

dense and adipose cellular tissue constituting

the pulp of the toe is connected with it, and

on its superior surface it is smooth, where
the nail is applied upon it.

The structure and mode of developement

of the phalanges are pretty much the same
as those of the metatarsal bones : their complete

ossification, however, takes place at a much
later period.

For the modifications in the number, forms,

and arrangement of the bones cf the foot in

the animal series, see Osseous systfm (Comp.
Anat.) and the articles on the various classes.

Joints of the joot.^—These may be classed

as the joints of the tarsus, metatarsus, and

toes.

Joints of the tarsus.—The bones constituting

the first row of the tarsus are connected to-

gether by means of two articulations, one

posterior, the other anterior, llie first (pos-

terior astrugulo -calcanien articulation) is

formed by a convex oval surface on the 03

calcis, which is received into a deep concavity

on the astragalus. A synovial sac lines these

surf:>ces ; the |)osterior part of this sac is

covered by the fatty substance which is placed

between the back of the ankle-joint and the

tendo Achillis, and on the removal of the fill

the sac is observed to be strengthened, especially

in its centre, by a few ligamentous fibres.

On the inner side this sac is strengthened by
the tendon of the flexor pollieis proprius and

its sheath behind, and by the internal lateral

ligament of the ankle-joint in fi'ont ; both of

which very much jjrotect the articulation and

strengthen the union of the bones. Anteriorly

there are no proper fibres applied upon tlie

synovial membrane; but the interosseous liga-

ment to be described presently, amply supplies

the want of them. On the outside a few

ligamentous fibres are applied to the synovial

membrane.
The anterior aslragalo-calcanien articulation

is formed by a slightly convex surface on the

astragalus, which is received by a concavity

on the upper surface of the sustentaculum of

the OS calcis. This articulation is furnished
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with a synovial membians, which is only a
prolongation from that of the joint between
the astragalus and saiphoid-

Tlie chief bond of union between the as-

tragalus and OS calcis is by means of the

interosseous liguiiietil (apparatus li/iumentotut

cavitatis sinuostc, Weitbr.): this ligament oc-

cupies the hollow which is manifest on the

outside between the os calcis and the neck
of the astragalus. It consists of a series

of strong ligamentous fibres, which arise all

along the inner part of the depression on the

astragalus in a curved course, and descend
vertically, or nearly so, to be inserted into

tlie corresponding depression between the two
articular surfaces on the os calcis. A con-
siderable quantity of fat o<'cupies this space,

and covers this ligament, and is intermixed
with its fibres.

The bones forming the second row of llie

tarsus are articulated as follows :

—

The scaphoid or navicular bone is articulated

with the three cuneiform, by means of the

triple surface already described on tlie former

bone ; to each division of which one cuneiform
is adapted (cunco-scuji/ioid articulation). A
common synovial membrane lines the surface on
the scaphoid, the surfaces of the cuneiform bones,
and ])asses in between theui to line the lateral

articular facets on the latter bones. The three

cuneiform bones are connected to the navicular

by means of six ligaments, which pass from
the former to the latter ; three on the dorsal

surface and three on the plantar. The dorsal

lijiament of the internal cuneiform extends
directly from behind forwards, those of the

others proceed obliquely forwards and out-

wards. Hie internal cuneiform has likewise

an internal ligament, which proceeds from its

internal part directly backwards to the navi-

cular; it lies above the tendon of the tibialis

J)0sticus. As to the plantar ligaments, that

of the internal cuneiform is the strongest : it

is extended between the tubercle on the na-
vicular bone and that on the cuneiform, and
is in part confounded with the tendon of the

tibialis posticus, which sends a process out-

wards to the other cuneiform bones, and
strengthens the ligamentous fibres which belong
to tliem.

The cuneiform bones are articulated to each
other by means of the lateral facets, which
are lined by synovial membrane prolonged
from that of the cuneo-scaphoid articulation.

Kach joint is strengthened by a dorsal, a
plantar, and an interosseous ligament. The two
former are extended transversely from one
cuneiform bone to the other, the dorsal being
considerably the stronger. The principal bond
of union, however, is by the interosseous liga-

ment, which is extended between the non-
articular parts of the lateral surfaces of each
cuneiform bone.

The cuboid bone is articulated with the
external cuneiform (euboido-cuneen articula-

tion) in a manner so similar to that by which
the cuneiform bones are articulated with each
other as to render a separate description super-
fluous. Its synovial membrane is continuous

with that of the cuneo-scaphoid, and its ligA-

meuts are precisely similar to those of the

cuneiform articulations.

The cuboid bone is united to the scaphoid

by means of ligaments. The outer extremity

of the latter bone is in contact with a small

portion of the inner surface of the former, near

Its posterior superior angle, and sometimes a
small articular facet indicates the point of each

bone where contact is established. The liga-

ments which pass between these bones under

all circumstances are z dorsal ligament, directed

obliquely from without inwards, a plantar

ligament, transverse and very tliick, and an in-

terosseous ligament extended between the cor-

responding surfaces of the two bones, excepting

where tlie facets are found, when they exist.

Articulation of tlie two raws of tarsal buna
to each other.—Tliis is effected by means of the

astragalus and os calcis behind, and the scaphoid
and cuboid in front.

Astragalo-scaphoid articulation.—The head
of the astragalus is received into a cavity which
is in greatest part formed by the glenoid cavity

of the .scaphoid bone, and is completed infe-

riorly and internally by a ligament (the inferior

calcaneo-scaphoid), which extends from the

sustentaculum of the os calcis to the inner part

of the inferior surface of the scaphoid. On
the outer side and inferiorly the head of the

astragalus is supported by a short ligament

(the external calcaneo-scaphoid) which is at-

tached posteriorly to the inner part of the os

calcis, and in front to the external extremity of

the scaphoid. The extension of the recipient

cavity for the head of the astragalus by means
of the ligaments just named was rendered

necessary by the considerable excess in the size

of the head of the astragalus over the glenoid

cavity of the scaphoid. By means of these

ligaments, too, the os calcis is connected with

the scaphoid, altliough there is no articulation

between them.

The astragalo-scaphoid articulation is strength-

ened by but one proper ligament, and that is

situated in the dorsal aspect ; it is the superior

astragalo-scaphoid ligament, and is attached

posteriorly to the neck of the astragalus, and in

front to the margin of the glenoid cavity ; the

transverse extent of this ligament is equal to

that of the scaphoid bone on its dorsal surface;

the direction of its fibres is forwards and out-

wards. It is a thin fibrous expansion, covered

superiorly by the extensor brevis digitorum

muscle, and on its inferior surface lined by th»

synovial membrane of the joint.

Calcaneo-cuhoid articulation.—The articular

surface on the os calcis is slightly concave in

the direction from above downwards ; that on

the cuboid is convex in the same direction.

The two surfaces are closely adapted to each

other, and their union maintained by the fol-

lowing ligaments:— 1. ITie superior or dorsal

calcaneo-cuboid ligament, which consists of but

a few fibres extending from the suijerior and

anterior part of the os calcis to the cuboid.

2. Tlie internal calcaneo-cuboid ligament, a

short, strong, quadrilateral ligament from three

to four lines in breadth, placed in great part
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over the superior aspect of the joint ; the fibres

pass with a sliglit obliquity inwards from the 03

calcis to the cuboid. 3. The ptuntur or infcrwr
cukuneo-cuboid ligament, the strongest and
largest of the foot ligaments, seems destined

not alone for the articulation under considera-

tion, but also to strengthen the arch of the

tarsus generally on its plantar surface. It is

attached behind to the inferior surface of the

OS calcis, commencing from the angular depres-

sion between the two tubercles. After leaving

the OS calcis a distinction between its superficial

and deep fibres becomes very manifest; the

former proceed forwards and inwards, pass

under the cuboid bone, forming an adhesion to

the posterior lip of its groove, then pass under
that groove and its contained tendon, and are

ultimately inserted into the posterior extremities

of the third and fourth metatarsal bones. The
deep fibres diverge immediately after they have
left the OS calcis, and are inserted into the whole
inferior surface of the cuboid posterior to the
groove.

It will be observed that the two joints last

described lie beside each other in the same
line, a circumstance which favours the surgical

operation of partial amputation of the foot in

that line. Each joint, however, has its proper
synovial membrane lining the cartilaginous

incrustations of the bones and the articular

surfaces of the ligaments ; that of the astragalo-

scaphoid is the more lax, and indicates the

existence of a considerable range of motion in

that joint.

Motions of the tarsal joints.— All these
joints belong to the class Arthrodia, some of
them being planiform. Tlie motion in all is

that of simple gliding, limited by the strength,

number, and position of the ligaments, llie

close inspection of the bones of the meta-
tarsal row, and the firm ligamentous bands
which pass between them, occasion a very
limited mobility of the bones of that row.
Between the astragalus and os calcis, on the

other hand, the motions are much more mani-
fest; these are gliding motions in the direction

from before backwards and vice versa, or from
side to side. \\ hen the foot is turned inwards
or outwards the latter motion is called into

play, and the gliding in the antero-posterior

direction takes place when the weight of the

body presses on the foot, causing its elongation

and the diminution of the curvature of its

antero-posterior arch. When the weight presses,

the astragalus glides forward uixm the os calcis;

when the weight is removed, the bone returns

to its fi rmer condition by gliding backwards.
But the greatest mobility exists in the articu-

lation betv\een the two rows of tarsal bones.

There, indeed, the principal motions of the

tarsus take place. The motions of the foot,

which many have erroneously attributed to a

supposed power of lateral motion in the ankle-
joint, really take place in this line of articula-

tion. When the foot is turned so that its sole

is directed outwards, the scaphoid glides from
above downwards on the head of the astragalus,

the astragalus glides from within outwards on
the OS calcis, in consequence of which the

hollow space between the last-named bone and

the neck of the astragalus is diminished, the

interosseous ligament relaxed, the external

lateral ligament of the ankle-joint likewise

relaxed, and the internal lateral ligament ren-

dered tense. On the other hand, when the

sole of the foot is turned inwards, which may
be done much more completely than in the

opposite duection, the scaphoid glides from

below upwards upon the head of the astragalus,

the inferior surface of the os calcis is turned

inwards, the astragalus glides ujion the last-

named bone from without inwards, enlarging

the interosseous space, stretching the ligament

which occupies that space, and also rendering

tense the external lateral ligaments of the ankle-

joint. It is therefore natural to expect, as

Bichat has remarked, that in those sprains

which result from too great inversion or eversion

of the foot, the ligaments of the articulations

between the tarsal rows should suffer most.

Tarso-metatarsal articulations.—The plane

surface on the wedge-shaped tarsal extremity of

each metatarsal bone is applied to correspond-

ing plane surfaces on the cuneiform bones and

the cuboid. The first, second, and third meta-

tarsal bones, counting from within outwards,

are articulated with the fii-st, second, and third

cuneiforms, and the fourth and fifth with the

cuboid; the second metatarsal, however, is

additionally articulated with the first and third

cuneiforms, by its lateral surfaces being, as it

were, mortised into a cavity formed by these

three bones, and each of the other metatarsal

bones is articulated with its fellow on each side

of it. These articulations have the following

common characters : they are planiform artliro-

diae, Ciich articular surface is covered by a thin

layer of cartilage, and they all have ligaments

similarly arranged in two sets, dorsal and

plantar.

ITie first tarso-metatarsal articulation has a

greater extent of its articular surfaces than those

of the others. Its plantar ligament is of great

strength and extends from the great cuneiform,

directed obliquely forwards and outwards to

the first metatarsal bone, continuous posteriorly

witli the cuneo-scaphoid ligament, and strength-

ened by fibres from the tendon of the tibialis

posticus, and on the outside by fibres from the

tendon of the peroneus longus. The dorsal

ligamentconsists of short and parallel fibres ; its

breadth is equal to that of the cuneiform bone

;

it is a weak and membranous ligament. This

articulation has a synovial membrane distinct

from that of the other tarso-metatarsal joints.

The second tarso-metatarsal articulation is

the most solid of all, from the fact of the pos-

terior extremity of tlie metatarsal bone being

fitted into the mortise-shaped cavity formed by

the cuneiform bones. Its ligaments, it may
naturally be expected, are more complicated

than those of the other joints of this row ; thus

it has three dorsal ligaments, a middle one,

possessing common characters with those of the

other joints, proceeding directly from Viehind

forwards from the second cuneiform to the

second metatarsal bone; the others are ex-

tended, one from the internal cuneiform
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obliquely outwards to tlie tecond metatarsal,

the other from the third cuneiform obliquely

inwards to the sameboue. We find, moreover,

ttvo jiluntar ligaments, one short and direct,

passing from the second cuneiform bone to the

second metatarsal, the other much longer and
more oblique, coming from the first cuneiform.

Lastly, this articulation has an inlcrosscoush^-

ment, which is extended from the lateral facet

on tlie external surface of the first cuneiform to

a corres|)onding one on the internal surface of

the second cuneiform.

iuich of the remaining tarso-metatarsal arti-

culations has its ilunui ligaments, of which
those of the third and fourth are direct, and that

of the fifth is extended obliquely outwards
from the cuboid to tlie fifth metatarsal bone.

In all three, the place of plantar ligament is

supplied by the sheath of the long peroneal

tendon, and the fifth receives additional strength

from fibres given ofl' from the tendon of the

peroneus brevis. In the third there is an
interosseous ligament between the third and
fourth metatarsal bones, and from the anterior

J)art of the external surface of the third cunei-

brm to the fourth metatarsal.

The five taiso-nitlatarsal articulations have
four synovial membranes amongst them : the

first, as has already been mentioned, has a
distinct one ; the second lines the contiguous

surfaces of the first and second cuneiform bones,

and is prolonged over the mortise-shaped cavity

and the articular portions of the second meta-
tarsal. The third lines the articular portions

of the third cuneiform and third metatarsal,

and is prolonged on either side of the latter in

the form of two culs-de-sac into the space
between the latter bone and the second meta-

tarsal on the inside, and the fourth on the

outside. In fine, tlie fourth synovial membrane
is common to the fourth and fifth tarso-meta-

tarsal joints.

Metatarsal articulations.—The four external

metatarsal bones are articulated with each other

by means of the contiguous articular facets on
the lateral surfaces of their posterior extremi-

ties. They are maintained in apposition by
interosseum ligaments which pass from one
metatarsal bone to the other, being inserted

into rough surfaces immediately above the

articular portion of each bone. Moreover,
these joints have dorsal and plantar ligaments,

which consist of ligamentous fibres directed

transversely from one bone to the other. The
])lantar ligaments are considerably stronger and
thicker than the dorsal.

The anterior extremities of the five meta-
tarsal bones, although not articulated together

by surfaces which play upon each other, are

yet connected by a common transverse ligament
which passes from one bone to the other, being
attached to the plantar surface of each bone,
and covered by the sheaths of the flexor ten-

dons.

Metutarso-phalaneeul articulations.— The
convex articular surface of the anterior extre-

mity of each metatarsal bone is adapted to the

concave surface on the posterior extremity of
each posterior or metatarsal phalanx. A sepa-

rate synovial membrane lines the articular sur-
faces of each joint; and two lateral ligaments,
one on either side, maintain the surfaces in

apposition. On the dorsal asjiect each joint is

strengthened and protected by the extensor
tendons ; and on Uie plantar a strong, thick,
almost cartilaginous substance is extended
from the metatarsal bone to the phalanx. This
substance protects the joint inferiorly ; it is

grooved on its inferior surface, and contributes
to form the sheath for the flexor tendon, which
runs along the plantar surface of each toe.

The metalarso-phalangeal articulation of the
great toe presents some points of difTerence
from the others ; its surfaces are more exten-
sive, and on the plantar as|>ect the head of the
metatarsal bone has a pulley-like form, from
the existence of a ridge in its centre, on either
side of which there is a superficial depression :

each depression receives a sesamoid bone,
which, being formed in the substance of the
inferior ligament, thus contributes greatly to
strengthen the joint in this situation.

Articulations of the toes.—^lliese are gin-
glymoid joints, all closely resembling each
other both in the forms of the articular surfaces,
and also in the bonds of union by which the
contiguity of these surfaces is maintained.
The articular surfaces are pulley-like ; an in-
ternal and an external lateral ligament belong to
each joint ; and the plantar aspect of each is

protected by a ligamentous structure similar to
that already described in the metatarso-phalan-
geal joints.

Motions of the metatarsal joints.—At the
tarsal extremities the metatarsal bones enjoy
but a very limited mobility in consequence of
the strong and compact manner in which they
are articulated with the tarsus ; their motions
consist in a very limited and scarcely percepti-
ble gliding upwards and downwards. At their

phalangeal extremities, however, the metatar-
sal bones are capable of a greater, although
still a very limited, degree of motion.

Motions of the metalarso-phalangeal joints.—These are flexion and extension, with a slight
degree of lateral inclination or abduction and
adduction, and also, of course, circumduction
or the rapid succession of the preceding four.
The lateral motions are very limited, being
most manifest in the joint of the great toe.

Flexion is limited by the extensor tendon and
the superior fibres of the lateral ligaments;
extension by the inferior fibres of the lateral

ligaments, by the inferior ligament, and by
the flexor tendon.

Motions of the phalangeal joints.—Flexion
and extension only are enjoyed by these joints,

the extent of which is principally controlled

by the lateral ligaments and by the due anta-

gonism of the flexor and extensor muscles.

Viewing the human foot as a whole, we
cannot fail to notice how admirably ii is

adajUed as an instrument of support, and for

the purposes of progression. For the former
end the solid and yet elastic mechanism of
the tai-sus is mainly useful ; this part is placed
immediately under the tibia, which transmits

the weight of the body to the astragalus, the
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highest bone of the tarsus; from this bone,
again, the weiglit is transmitted to the os

calcis in the backward direction, and to the

anterior row of tarsal bones in fiont, where
tlie transverse extent of the tarsus is consider-

ably increased, in order to enlarge the basis of
support. It is worthy of remark that the

solidity of the anterior part of the tarsus is less

on its inner than on its outer side, the effect of
which is to increase the elasticity of the former
part without materially diminishing its strength.

The object of this arrangement appears to be ex-

plained by the observation that the weight of the
body is transmitted by the astragalus princiijally

to the inner side of the tarsus. It is toward the

inner side also that the concavity of the under
surface of the tarsus is most evident, by which
not only can the sole of the foot adapt itself

to the irregularities of surface to which it is

applied, but it is enabled to yield under the

superincumbent weight, and so to counteract
the effects of sudden concussion in walking,
leaping, &c.

In the foot anatomists have described two
arches as connected with its mechanical arrange-

ments. The first is best seen in a prolile view
of the foot ; it is termed the antero-poUerior
arcli ; u]ion tliis arch we rest when the toes are

applied to the ground, the posterior extremity
of it being the lieel, tlie anterior the balls of the

toes, and the astragalus resembling the key-
stone of the arch. The second is the transverse

arch, which may be most satisfactorily demon-
strated by a transverse section made along the

line of the cuneiform bones. The effect of the

constant and violent exercises of the foot to

which public dancers are accustomed is to in-

crease the mobility of the different parts of the

foot, to an extent which unfits it, in a great

measure, for its office as an instrument of sup-
port in standing or walking, as may be ob-
served, says Sir C. Bell, in any of the retired

dancers and old figurantes. By standing so

much on the toes, lie adds, the liuman foot is

converted to something more resembling that

of a quadruped, where the heel never reaches

the ground, and where the paw is nothing more
than the phalanges of the toes.

The following considerations connected with

the human foot may be quoted as so many in-

dications that the erect attitude is natural to

man: 1. the articulation of the foot at right

angles with the leg ; 2. the great comparative

size of the foot, contrasted witli that of other

animals; 3. the great transverse extent of the

foot ; 4. the ]iredominance of its solid parts,

the tarsus and metatarsus, over its moveable
part, tlie phalanges ; 5. the direction of the me-
tatiirsal bone supporting the great toe; its situa-

tion and want of mobility ; 0. the limited mo-
bility of the phalanges of the foot as compared
with those of the fingers ; 7. the horizontal po-

sition of the OS calcis ;* the excess of its trans-

* ** Even the SimiiE and the bear," says Mr.
Lawrence, ** have the «nd of the os calcis raised,

80 iliat this Ijone begins to form an acute angle with
the leg; tlic dog, the cal, and other digitated

quadrupeds, even the elcpliant himself, do not rest

on tlje tarsus or carjjus, but merely on tlic toes
;

verse extent at its posterior over that of its an-

terior part, and the developement of its tuber-

cles ; 8. the great strength and developement
of the calcaneo-cuboid ligament; 9. the early

ossification of the bones of the foot as compared
with those of tlie hand.

The extraordinary extent to which art can
modify the positions of the several bones, and
the form of the wliole foot, is remarkably ex-

emplified in the case of the Chinese foot. It

is well known that, among other barbarities

practised on Chinese females, their feet are

from an early period subjected to the most
violent pressure, with tlie view of reducing them
to that diminutive size which is esteemed a
point of great beauty. Hence the anatomical

examination of a foot thus compressed is a
point of great interest, not alone to the physio-

logist, but also to the surgeon, as indicating

what properly applied force may do when em-
jiloyed at a sufficiently eiirly period. An inte-

resting account of such an examination was
communicated in the year 1829 to the Royal
Society by Mr. Bransby Cooper, from whose
paper we extract the following statements.

The foot at first view had the appearance of

being congeuitally deformed; it was remarka-

bly short; from the heel to the great toe its

measurement did not exceed five inches ; it was
very much contracted in its transverse dimen-
sions, and the instep extremely higli, being un-

usually convex not only from before backwards,

but also from side to side.

" The position of the os calcis," to use Mr.
B.Cooper's words, " is very remarkably altered:

instead of the posterior projection which usually

forms the heel, a straight line is preserved in

this direction, not deviating from the line of the

tibia; and the projecting point which forms in

an ordinary foot the most posterior process into

which the tendo AchiUis is inserted, touches

the ground, and becomes the point d'appui for

sustaining the whole weight of the body. The
articular surface of the os calcis in connexion
with the cuboid bone is about half an inch an-

terior to and two inches above tliis point;

while the astragalar joint is behind and some-
what below the calco-cuboidal articulation

;

consequently the direction of the os calcis, (in

its long axis,) instead of being from behind for-

wards, is from below upwards, with the slightest

possible inclination forwards. The most pro-

minent parts of the instep are the round head
of the astragalus and the cuboidal articulation

of the OS calcis. From this the remaining

tarsal bones slope downwards at nearly a right-

angular inclination to join the metatarsal bones,

whose obliquity is still downwards, until they

rest on their phalangeal extremities."

The points of support are the os calcis, the

anterior extremity of the metatarsal bone of the

great toe, and the dorsal surface of the fourth

and fifth toes, which are bent under the foot so

as to press the ground at this part.

(R. B. Todd.)

the cloven-hoofed ruminants and the Solipeda touch

the ground merely wiili the extremities of the third

pfialunges, ami Itie os calcis is raised nearly into a

perpcnilicular position."
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FOOT, ABNORMAL CONDITIONS OF
THE.—The dislocation of any of the bones of

the foot is an accident of unfrequent occur-

rence, particidarly of the tarsus and metatarsus,

where the h|^aments are powerful, and the joints

very limited in their motions. When a dis-

placement does occur here, the violence neces-

Siiry to produce it is often so great, that the

foot is destroyed . Cases, however, are met with

where a dislocation of one or more of these

bones has been successfully treated without loss

of the limb. Sir A. Cooper mentions several

instances. The astragalus alone, without the

other bones of the foot, is never thrown back-

wards, nor is it ever thrown directly inwards

nor directly outwards, but it may be dislocated

forwards on the instep and then may incline

inwards, so as to be situated below and in front

of the inner malleolus, or it may incline out-

wards and be placed below and in front of the

outer malleolus ; tlie rest of the foot in the

latter case is thrown inwards, and in the former

outwards.

In these cases there is what Boyer calls a

double luxation of the astragalus, for tliis bone
is not only expelled by violence from the mor-

tise-shaped cavity formed for it by the bones

of the leg, but is at the same time driven from

the space formed between the os calcis and os

navicuUire, where it naturally rests or plays in

standing or progression.

Most of the ligamentary ties which bind it

to the other bones of the foot and leg are vio-

lently ruptured, yet in these cases the surgeon

almost invariably finds great difficulty in ex-

tracting the bone from its new situation, and to

return it back to its original space in general is

quite impracticable.

One reason for the difficulty the surgeon

experiences in replacing the luxated astragalus

may, we imagine, be found in this, that the

bones once ex|)elled by violence, the muscles

attached to the tendo Achillis, and, indeed,

all those of the leg before and behind, act so

on the foot as to have a powerful and eflective

influence in effacing the interspace between the

OS calcis and articulating surfaces of the tibia

and fibula, so that there is now no room for

its return.

Moreover, it should be recollected that the

astnig.dus is sometimes only partially luxated,

and perhaps at the same time has revolved on
its long axis in such a way that it shall be

))laced as it were on its side, as we have known
an example, in which the pulley-shaped sur-

face of the astragalus looked outwards, the

peroneal articular surface looked downwards
low-ards the os calcis, and the facet for arti-

culation with the tibial malleolus was placed

upwards in contact with that part of the tibia

which was naturally shaped for articulation with

the upper part of the trochlea of the astra-

galus : when the astragalus is thus rotated on
its longitudinal axis, a broader part of the bone
is wedged in between the tibia and os calcis

than the vertical height of the astragalus would
measure, and hence there is difficulty in re-

storing the bone or removing it. Fig. 161 re-

presents the simple dislocation. More than

one example is mentioned by Sir A. Cooper
in which lliis bone was removed entire af\er a

compound dislocation of it, and yet a very

tolerable use of the foot was regained.

A heavy weight falling upon the foot will

sometimes displace the double articulation be-

tween the first and second row of tarsal bones.

When this accident has occurred, the appear-

ance which the limb assumes bears a striking

resemblance to the internal variety of the club-

foot. In fact this state of the parts really con-

stitutes neither more nor less than the pied-bof,

with the exception of the difference of the

cause, the state of ligamentous connections,

and the facility of reduction.

Dislocation of the other tarsal bones is very

rare, yet Sir A. Cooper has seen the inner

cuneiform bone displaced in two instances, in

neither of which could the bones be reduced.

See also Diet, des Sciences M^dicales, art.

Pied.

The joints of the toes, as tliey are more
moveable and their ligaments more lax, are

more easily dislocated than the other joints of

the foot, and especially the great toe, which

has more extent of motion than the rest, and is

more exposed to the inHuenee of accident.

CongenitiU displacement of the bones of the
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foot is by no means an uncommon occurrence,

and though in our English systematic works

on surgery this case lias met with little notice,

yet, as a subject of great importance to the

comfort and well-being of a numerous class of

sufferers, it is by no means undeserving of a

place in a professed work on surgery. As,

however, the scope of the present is not strictly

surgical, we shall, in this article, content our-

selves with a pathological description of the

principal varieties of these deformities, and in

doing this we shall freely avail ourselves of the

assistance of an able article on the " Pied-bot,"

by Bouvier, in the Diet, de Medecine et de

Chirurgie Pratiques.

The ankle-joint is not generally implicated

in congenital deformities of the foot ; displace-

ment of the bones may occur to an extreme

degree, and yet the natural form and functions

of the ankle remain. But this rule is by no
means universal. The ankle-joint may be the

sole seat of the unnatural condition, or it may
share it in common with the bones of the foot;

but these cases are rare, they form only the ex-

ception to the general rule. There are three

principal forms of distortion to which the foot

IS congenitally subject : 1. when the foot is

turned inwards, which has been termed varus:

2. when it is turned outwards, called valgus:

3. when the foot is permanently extended,

and the patient can only put the toes to the

ground, termed pea cquinus. Almost all the

varieties of club-foot may be referred to one of

these species.

1. When the foot is turned inwards, (varus,)

the following modifications in the form of the

parts present themselves. (See_^^'s. 162, 163.)

The dorsum faces forwards, the sole is turned

Ftg. 162, 163.

backwards, and very considerably curved u]X)ii

itself. The inner side of the foot is uppermost,

the outer side rests upon the ground, the heel

is more or less turned inwards and upwards.

The integuments of the outer side are thickened

by pressure, and there is a sort of provisional

cushion, of a somewhat elastic nature, formed

under it, while the thickness and hardness of

the integuments of the sole are not found to

the usual degree. The joints that suffer most

in this malformation are, as might be expected

from a review of their natural structure, the

double articulations between the first and second

row of tarsal bones. The scaphoid bone is

twisted inwards in such a manner, that the

dorsum of it presents forwards and its apex

backwards, and the navicular cavity is brought

to the inner edge of the astragalus. The cuboid

bone generally preserves its relation to the

scaphoid, being more or less displaced from

the OS calcis, and turned under the foot. The
cuneiform bones, the metatarsus, and toes, are

little altered in their relation to those tarsal

bones to which they join, the peculiarity of

their position and direction being entirely the

result of the alterations in the scaphoid and

cuboid, just mentioned. The os calcis is

turned, so that its outer side is inclined to-

wards the ground, and further than natural

from the outer malleolus; the inner hollow side

is inclined upwards and inwards, and nearer to

the inner malleolus than natural, and the heel

itself is elevated. By this means the articula-

tions between this bone and the astragalus are

altered somewhat, particularly if the ankle-joint

itself remains natural, the astragalus not having

partaken of the general malposition; this bone
is then thrown in some degree upon the outer

side of the os calcis. The astragalus, we have
said, rarely shares in the general deformity

;

when it does it is tilted outwards, so that its

upper surface inclines towards the external

malleolus, and the articular portion itself be-

comes altered in form, iis is also the corre-

sponding portion of the tibia ; in one instiuice re-

lated by Bouvier, the astragalus, by the pressure

of the inner side of the tibia above and of the

calcis below, was reduced to a mere thin edge
on this side, the whole bone being something
in form of a wedge between them.

2. In the valgus, {see Jig. 164), where the

foot is turned in the opposite direction to that
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Fig. 164.

which has been just described, the whole state

of the foot seems to be pretty nearly the exact

converse of every thing there mentioned. The
same bones are affected, and in the same rela-

tive degree ; and the same analogy which exists

between the one condition and the phenomena
of adduction, is found between the other and
those of abduction. The dorsum faces more
or less directly forwards, the plantar surface

backwards, the inner side of the foot rests upon
the ground, the outer is upjjermost. The tibia

frequently here participates in the deformity so

far as to have a curve inwards, and the inner

ankle consequently approaches to the ground.

The double articulation between the first and
second row of bones in this case also suffers

the most. The astragalus sometimes projects

in front, and lower than in the varus. The
distortion is sometimes carried to such an ex-

tent that the foot is

Fig. 163. turned nearly upwards
and at the side of the

fibula. Tlie os calcis

is twisted outwards,

with the heel elevated,

its hollow inclining to-

wards the ground. The
scaphoid and cuboid
bones are, as we have
said, most displaced

;

the first being nearest

the ground, the last

placed uppermost, and
near the outer malleo-
lus. The cuneiform
bones, and the other

bones of the foot,retain

their relation to the

bones to which they

are articulated, their

unnatural situation be-

ing the result of the

displacement of these.

3. The pes t'^uinns,

(aeeJig.X 65,) so named
from llieresemblance in

the position of the tar-

sus to tliat of tlie horse,

differs from either of the others in its anato-
mical characters. When it has arrived at a con-
siderable pitch, the tibia is found partially dislo-

cated backwards upon the os calcis; the sca-
phoid and cuboid are carried backwards, to-
wards the sole of the foot, leaving the upper
part of the head of the astragalus and cuboides
projecting ; the cuneiform and metatarsal bones
are displaced sometimes in a similar manner.
Thus the whole foot is more arched than
natural, inde|>endently of its altered position

;

the sole is shortened and hollowed, the dorsum
is elongated and projecting.

A very interesting history of yet another form
of this disease by M. HoU of Strasburg, is

given in the 13th vol. of the Lancet, in which
the foot was turned completely back, having
the dorsum resting on the ground, the plantar
surface being uppermost. The deformity was in
both feet. Walking was not painful ; the patlpnt

rested his weight on the tarsus ; the metatarsus
and toes did not touch tiie ground. He wore
common half-boots, the toes of whichpointed
backwards and the heels forwards. The man
died, and upon examination of his feet the fol-

lowing state of parts was found. The skin of
the dorsum upon which he trod was hard and
callous. The bones of the leg were well
formed ; the astragalus was dislocated forwards;
the calcaneum forwards and outwards, and the
cuboid downwards on the calcaneum. The
dorsal surface of the foot was very convex, ex-
cepting at the spot which touched the ground

;

the plantar surface very concave. The supe-
rior articular surface of the astragalus was
turned directly forward and a little downward

;

its posterior surface also looked forward, and
the tibia rested on the inferior, in a great de-
gree, and on the small process of the calca-
neum. The connexion of the scaphoid with
the astragalus was more natural ; the scaphoid
was, however, turned a little backward. The
cuboid rested by its posterior part on the inferior

surface of the os calcis. The articular surfaces

of the astragalus and os calcis gave attachment
to ligamentous fibres. The three cuneiform
bones, the metatarsal bones, and the toes had
not experienced any sensible change in their

position.

The descriptions now given are of extreme
cases in each of the species of deformity. Of
course the degree of departure from the natural

form varies in every case. In the varus, every
intermediate shade between the extreme men-
tioned and the mere state of permanent adduc-
tion occurs. The state of fixed abduction may,
in the same way, be called tlie milder extreme
of the valgus, while the pes equinus shows its

simplest form in the mere fixed extension of
the foot.

We also find in some instances a combina-
tion of more than one form of the deformity in

the same foot. The most frequent of these is the

stale of permanent extension, of the pes equinus,

with the adduction of the metatarsal bones and
phalanges, constituting a variety of the varus.

(tig. 166.) The same complication of the

pes equinus with the valgus is rare, but does
sometimes occur, A congenital deformity, so
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. 100. far as we know not

mentioned, has once
fallen under our no-

tice, namely, a dislo-

cation of the tibia back-
wards upon the upper
and posterior part of

the OS calcis, so that the

prominence of the heel

was entirely lost, and
the foot flexed to such
a decree, as that the

dorsum lay in contact

with the anterior part

of the les-

The alterations from
the normal state of the

ligaments, bones, mus-
cles, and articular sur-

faces, in these cases of

deformity, are easily

comprehended. The
ligaments are of course

elongated on the one
side of the dislocated

joint, and shortened on
the other side; the bones are altered in shape,

occasionally, where pressure is produced by a

neighbouring bone, and sometimes a portion of

tlie bone is twisted, and drawn towards the unna-
tural situation of that one with which itarticulates.

The muscles are elongated or shortened, accord-

ing as their points of attachment are, by the

deformity, approximated or further separated.

Tlie articular surfaces undergo great alterations :

they are altered in shape and situation by the

friction of the parts in contact producing a new
synovia! surface upon its new situation, while a
part, or the whole of the natural joint loses its

polished surface, and becomes adherent to the

integuments, while, in many instances, the

altered position of a bone brings it into contact

with another, with which naturally it had no
such relation, and here asrain a preternatural

synovial articulation will form, in accordance
with the same law of the animal economy, by
which long-continued pressure will produce a
synovial bursa. As a general observation, we
may state, that the whole limb is smaller,

shorter, and feebler than the sound one, and
that this defect increases by comparison with

the sound one, as the child grows. AI. Cru-
veilhier has also found that individual bones

are sometimes .singly defective in their growth,

while occasionally only the portion of a bone
which is subjected to pressure is checked in

its developement.

The deformities described above are gene-

rally congenital, but they are also occasionally

produced after birth by accidental causes;

though in this case there is no difterence in the

nature of the distortion or in the anatomical

condition of the parts, yet they are less fre-

quently cured, because the same carelessness

or bad management which has too often occa-

sioned the accidental form of the disease to

creep on unheeded, makes the parents indiffe-

rent as to the cure, while (he deformity, which
has not mismanagement for its cause, is imme-

diately remarked on the birth of the child,

excites alarm in the mind of tlie parent, and
means are early adopted for its removal.

This part of our subject leads us to notice a

deformity, of not uncommon occurrence, but
one which has met with little notice from
writers, although the inconvenience and suffer-

ing occasioned by it, great in degree, and, as

far as we have known, permanent in duration,

will entitle it to the consideration of the sur-

geon. We allude to that state of the foot

wherein the arch is lost, and the foot rests flat

upon the ground. It is met with generally,

but not always, in those children of the lower
classes who are obliged, in their early youth,

to engage in laborious occupations, and parti-

cularly in lifting heavy weights, before the

powers of the system are develojied, though
we have known it to occur where none of these

causes could be traced. It happens generally,

not in the very weak, nor in the firm and robust

children, but in those who have the promise of

developement on a large scale, and are rapidly

growing. It comes on insidiously, and is

rarely detected until too far gone to admit of a

complete cure. The marks of this disease are

an evident alteration in the shape of the foot.

The dorsum has comparatively lost its con-
vexity, the concavity of the sole is entirely

gone; the scaphoid bone projecting below un-
naturally, and the inner mallejlus falling con-
siderably inwards. Tlie relative position of all

the rest of the foot api^ears natural. The pa-
tient complains of pain and tightness at the

upper pari of the instep passing through to the

sole upon attempting to elevate the heel while

standing. Indeed, in aggravated cases, he
cannot lift himself at all upon the metatarsus,

while every step upon aii uneven surface is

accompanied with pain. The anatomical cha-

racters of this distressing disease consist, as far

as a close examination of the living parts can
detect, for we have had no opportunity of dis-

secting them, in a relaxation of that ligament

which passes between the os calcis and navicu-
lar bone, and on which the fore part of the

astragalus rests and moves. It will be quite

evident, from an examination of these parts

and their connexions, that this supposition is

sufficient to account for the symptoms that are

ajiparent, and the idea is borne out by the fact

of the point of the scaphoid being further sepa-
rated than natural from tlie tubercle of the os

calcis, which may be readily ascertained by the

touch. We conceive the remote cause to be a
certain degree of inflammatory action in the

elastic ligament just mentioned, produced by
over-exertion, before the part had acquired its

full developement and strength. The morbid
action being continued by the continuance of
the irritation, the elasticity of the ligament is

impaired, and it can no more support the

weight laid upon it ; it consequently yields,

and is stretched. This view receives some
support from the fact of the tenderness upon
pressure constantly found in this precise spot,

and from the relief afforded to the more dis-

tressing symptoms by the application of leeches

and counter-irritations.
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Anotlier deformity of Uie foot occasionally

iiift with is exactly llie reverse of the prece-

ding ; this is loo great a convexity of the arch,

by which the foot is considerably shortened,

and llie bearing, anteriorly, taiken from the

under side of the heads of the tnetiitarsal bones,
and thrown partly upon the bases of the first

phalanges and upon the metatarso-phalangeal
joint itself. From die tense state of the plantar

fascia we must suppose that this structure is

shortened, and indeed we have been inclined

to consider this contraction of the fascia as in

some degree a cause of the deformity, which
Dupnytren has proved to be the fact in the

parallel case of contraction of the fingers, by
shortening of the palmar fascia. With this

view, in a case of deformed foot which lately

came under our notice, we divided the fascia

plantaris, and certainly with considerable tem-
porary benefit. We have not been able to

ascertain why tlie relief was not permanent, as

the ])atient lives at a distance; but it might not
improbably arise from liis returning to work
too soon, and leaving off the extension of the

foot which had been adopted.

(A. T. S Dodd.J

FOOT, KEOIONS OF THE.—The sur-

gical anatomy of the ankle having already been
given, (see Ankle, IIegio.ns or,) it remains
for us, in this article, to describe the foot pro-

perly sociilled, that is, all of the lower extremity
beyond the ankle. This \ar\ comprises much
that is practically interesting and important,

both in its |)athology and surgery, which must
be evident when we consider the vast number
of ills which are endured in the feet. The
foot, considered as an entire region, is na-
turally and obviously subdivided into dorsal

and plantar regions. In the first of these

we observe, 1st, the dorsum, or instep, ex-
tending fi-om the front of the ankle to the

heads of the metatarsal bones ; 2d, the toes

themselves.

I. Higion of the dorsum.—VVe see the instep

falling, with a gentle curve, forwards fix)m the

ankle, and forming the anterior portion of that

arch, which posteriorly runs through the ankle-
joint to the heel, and the crowu of which, formed
by the astragalus, bears the weight of the whole
body, 'lliis most remarkable provision for

the safety and efficiency of die body is well
deserving of particular examination, and we
shall return to it when describing the plantar

rei!;ion. The curce of t!ie dorsum just men-
tioned is running forwards to the head of the

metatarsal bone of the great toe; there is

another arch, a lateral one, running across the
foot, of whicli the inner end is abrupt, as it

Ix'nds over the inner side of die ossa naviculare
and cuiieiforme interna ; the outer end slopes
off more gradually to the os cuboides and
metat;u-sal bone of the little toe. The use
of this arch is best seen also in the sole,

though it presents itself to the view most
strikingly on the dorsum.
The principal points which claim our atten-

tion 111 this region are:—
1. The intcguiuents, which arc here rather

thiimer and softer than in other parts of the
limb, but varying considerably in textua- ac-

cording to age, sex, and habit: they are also

rather thinner on the outer than on the inner

side. 2. Tlie subcutaneous cellular tinsue.

This is rather loose, and freer from fat llian

in other parts of the body, permitting free

movement of the superficial parts upon those

beneath. This laxity of the cellular tissue is

greatest on tlie middle of the instep ; and
accordingly we see in children and females,

where there is a large quantity of superficial fat,

and in effusions of water or other fluids, that

the skin of this part rises most, while across

the ankle and the roots of the toes there is

an appearance like a ligature arising from the

comparative closeness and shortness of this

cellular web. In tliis layer also we find

several large veins and some branches of

nerves. The dorsal veins of the foot run in

very irregular directions, varying in size in

different subjects, but mostly collected into

two plexuses, which form in front of the inner

and outer ankles, the siiphcna major and minor
veins. The course of these veins, though
various, is generally as follows :—Tlie saphena
major begins to shew itself pretty cons|>icuously

on the middle and inner side of the instep,

and running to the inner ankle receives in its

course numerous additions, and then passes

over the internal malleolus. The saphena
minor is seldom found in a notable trunk
on the foot ; we see only on the outer side

of the dorsum several small branches commu-
nicating with the inner plexus, and taking

their course towards the outer ankle; there

they form sometimes one, but generally

two branches, which pass sometimes over,

generally behind the outer malleolus. It is

the first of diese veins that is principally im-
portant in surgery, as it occasionally, and we
Uiink it might with advantage be more fre-

quently, opened for the detraction of blood.

It is immediately brought into view by a
ligature placed above the ankle, and in opening
it we must bear in mind that, from its super-
ficial situation, firom the looseness of the en-
veloping tissue, and from the greater distance

of the ligature from the point to be punctured,
the vein is much more liable to roll and to

foil our attempts than the vein at the elbow:
we must, therefore, take the precaution of
putting the fore-finger above, and the thumb
below the spot where the lancet is to enter,

which will retain with facility the vein in its

place.

The varicose distention to which the trunks

of the saphena veins in the leg are peculiarly

liable, is often found extending to their minute
commencing branches on the dorsum of the

foot ; so much so that the whole of this region

is iri-egularly distended, and covered witli the

knots and ramifications of the distended veins.

Tliis morbid state is dependent upon the same
causes as die varicose affection of the veins

of the leg, and can be remedied only by the

same means, but with this additional disad-

vantage, that the mechanical means adopted
for their relief by pressure, owing to the more
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conical form of tlie fool, can with greater

difficulty be retained.

Besides the veins, we find imbedded in this

same layer of cellular tissue a number of

nervous filaments, which should be remem-
bered as occasionally interfering with operations

on this part. The last portion of the saphenus
or long cutaneous nerve runs so near to the

saphena major vein that some of its twigs

pass in front of and some behind it, and
have been occasionally punctured in opening
this vein ; but this should form no strons^er

an objection to this operation than a similar

arrangement of the nerves, and a similar

accident in bleeding, which occasionally liap-

pens, should be allowed as an objection to

venesection at the bend of the arm.

3. The next layer brought into view by
dissection is a thin expansion of fascia, con-

tinuous with the anterior annular ligament of

the ankle, and formed of fibres running in

various directions, principally transverse and
spreading over tlie whole of the dorsal region,

but |)rincipally at the upper part. The ob-

servations which have been made on this same
fascia when covering the ankle may be applied

also to the part just described, (see Ankle-
joint, Reg/on of,) with this exception, that

as the dorsal fascia is much tliinner and more
incomplete than that over the ankle, matter

would here not be so tightly bound down, nor

would it present so strong an obstacle to the

pointing of it outward.

4. On removing the layer of aponeurosis

a muscular and tendinous stratum is exposed,

comprehending the entire muscle of the ex-

tensor brevis digitorum and the tendons of

several of the long muscles situated on the

leg. The first of these has a thick fleshy

belly, and occupies the outer part of the

dorsum of the foot, sending its tendons down,
like so many rays, to the bases of the toes.

The tendons are spread over the foot in the

following order:—on the inner side the tibialis

anticus passing to be inserted, by a broad

attachment, into the internal cuneiform bone
and base of the first metatarsal bone ; next

the extensor proprius pollicis runs forwards

and inwards, along the fibular edge of the

first metatarsal bone ; then the tendons of the

extensor longus digitorum run diverging to-

wards the bases of the four outer toes, crossing

over the tendons of the extensor brevis; and
lastly, the tendon of the peroneus tertius,

diverging from the extensor longus, sends its

small flat tendon to the base of the fifth me-
tatarsal bone. Each of those tendons runs

in its own synovial sheath, and these are,

from their superficial situation and from their

proximity to the bones over which they pass,

peculiarly liable to be affected by pressure,

as from tight boots. The consequence of this

is not unfrequently seen in a small round

swelling, situated generally over the tarsal

bones, and upon one of the tendons of the

extensor digitorum longus. It is first dis-

covered generally by its tenderness, and when
this is relieved by taking off the pressure

which was its first cause, the swelling itself

still remains, soft and ela.stlc to the touch,

and having all the characters of an enlarged

bursa, and which has received the name of

ganglion. The cure may generally be accom-
plished easily and expeditiously : a smart blow
with some hard body, as the back of a book,

while the swelling is rendered tense by the

forcible extension of the foot, will be all that

is necessary ; the cyst is thus burst, and its

synovial contents, when extravasated among
the adjacent cellular tissue, soon become ab-

sorbed, while the empty cyst itself shrinks

and contracts to its natural size. Should,

however, this plan not be approved, or, which
may happen, not succeed, the introduction of

a cataract needle in an oblique direction under
the skm, and the puncture of the cyst, will

evacuate the fluid into the surrounding cellular

tissue, and thus eflect a cure.*

A tumour is sometimes formed upon the

instep, which is also the result of pressure,

and which bears a near relation to a com.
It is met with in young men who wear tight

boots, and the usual situation of it is over

the articulation between the internal cuneiform

bone and the metatarsal bone of the great toe.

The tumour is under the skin, hard and im-

movable ; so that it seems to a superficial

observer to be an enlargement of the bone
itself The skin over it is in a natural state,

except in cases of long standing, in which
the cuticle becomes thickened. This swelling

is described by Sir B. Brodie in a clinical

lecture in the Medical Gazette, vol. xvii.

He is uncertain in what precise situation this

tumour exists, whether in the ligaments of the

joint, or periosteum, or in the ultimate fibres

of the tendon of the tibialis anticus muscle,

not having had an opportunity of dissecting it.

In this view also are exposed the course and

situation of the dorsal artery of the foot. This,

which is merely the continuation of the anterior

tibial artery, commences its course from the

anterior annular ligament of the ankle, a little

to the inner side of the middle of the foot

;

from thence it runs obliquely towards the

first interosseal space of the metatarsal bones,

at the commencement of which it dips into

the sole of the foot, leaving only a branch to

continue its course to the great toe. In the

course just mentioned this artery rests upon
the bones of the tarsus, separated from them
and their ligaments only by a small quantity

of cellular tissue. It is accompanied by its

vein and a branch of a nerve, and will readily

be found running along the outer or fibular

edge of the tendon of the extensor proprius

pollicis, which partly overlaps it. Notwith-

standing the superficial situation of this artery,

its close connexion with the above-mentioned

tendon renders it peculiarly ineligible for the

application of a ligature, and fortunately it is

very rarely that we are called upon to perforin

an operation upon it ; but its course and
situation are important to the surgeon, as afford-

ing a valuable diagnostic mark, negative at

• See a paper on Ganglion by C. A. Key, Esq.

in the 1st vol. of Guy's Hospital Reports.
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least, if not positive, in the examination of
an injury to some of the larger vessels, as the

femoral or the anterior tibial. For though,
owing to occasional varieties in the course and
distribution of the dorsal arteries of the foot,

the absence of pulsation in the situation of
the arteria dorsalis pedis, just indicated, would
not be a positive proof of injury to the larger

vessels, (though even this might be received

as valuable corroborative evidence,) yet the
clear and full pulsation of this vessel would
of course be undoubte<l evidence that the

larger arteries were safe and sound. (See
TiBtAi. Artkries.)

II. Rigioii oj' the toes.—In llie natural state

the toes are coveretl by a skin, soft and pliable,

except the extreme phalanx, the dorsal surface

of which is defended by the nail, for the struc-

ture and arrangement of which we refer to

the article Teoumentary system. Under
the skin and sulx:utaneous tissue we find the

tendon of tlie long extensor, lying close upon
the bone adhering to it and to the synovial

membranes of the joints, by short but free

cellular tissue, sufliciently loose to allow of
the free movements of the subjacent joints.

We observe that the length of the toes, by
the consti-uction of the bones, much shorter

and smaller than the lingers, appears shorter

still in the metatarsal phalanx by the greater

depth of the integumental web between the

toes. The operator will do well to remember
tliis in amputating at the metatarso-phalangeal
joint, or he will surely be foiled in his attempt
to open it, particularly as this joint, lying
dee|)er and being composed of smaller bones
than the corresiKinding joint of the hand, is

much less readily perceptible, even to the

touch. Lastly, these organs, the toes, more
universally, and in greater degree perhaps than
any other part of the body, pay the penalty
of hyper-refinement and civilization in the
distortion and disfigurement of their entire

structure from pressure. The skin suffers most
acutely ; it becomes entirely altered in struc-

ture. The soft cuticle which covered it is,

by the irritation of pressure, increased in thick-

ness by successive additional layers. Tliis

increase is greatest just at the point where
there is most pressure, namely, at the upper
and lateral parts of tlie projecting joints;

nature thus providing a defence for the tender
cutis, pressed between the bone and the shoe.
The cause of irritation being still continued,
the defence itself is converted into an ad-
ditional enemy ; the accumulated layers of
hardened cuticle form a hard corn, and irritate

and inflame the subjacent cutis. Another
effort of nature is made to relieve the suffering

parts ; a small burs;» is formed under the
most prominent part of the corn, and this

again is made an additional cause of suffering
by this part also becoming inflamed, the original
source of evd not being removed. The same
process taking place between the toes by the
pressure of one toe against the other, produces
the soft corn by the moisture of this part not
allowing the thickened cuticle to become hard
and dry. The same (irocess on a larger scale
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over tlie joints of tlie great toe occasions the
bunion," the bursal cysts of which form a
beautiful illustration of the i>owers of nature
in accommodating herself to accidental circum-
stances.

Nor is tlie mischief arising from this oppo-
sition to nature confined to the results now
mentioned. The toes, from being constantly

kept in a distorted position, acquire |)erma-

nently an unnatural form, sometimes being

bent laterally under or over each other, the

ligaraents become stretched, the articular car-

tilages absorbed, the ends of the Ixines altered

in form, and anchylosis is not unfreqtiently

the result. If the shoe be too short, a [ler-

nianent contraction of the joint of tlie toe is

produced, which is sometimes so distressing

in walking as to be a serious impediment to

this exercise, and even to demand am|)utation

of the toe as the only means of deliverance.

This, when it does occur, is almost always
found in the second toe, because it projects

beyond the others.

Plantar region.
—^The pLintar region, like

the dorsal, may be divided into the plantar

region, strictly so called, and the region of
the toes.

1. Proper plantar region.—The skin ufmn
the sole of the foot is covered by a cuticle

remarkable both for its general density and for

the great difference of its density in different

parts. In the hollow of the sole it is thinnest,

next along the outer side, and thickest of all

under the heel and heads of the metatarsal

bones. This great thickness of the cuticle,

though partly arising from pressure, is yet
partly natural, being found in some degi'ee

even in the fnetus, and is one of those marks
of I'rovident Wisdom of which every part of
our structure furnishes instances. The cutis

itself is still more striking for the strength and
density of its structure, which we observe

particularly in dissecting this part. The scal-

pel must be sharp indeed to cut through it

with ease. This, in fact, with its horny
cuticle is nature's provision against the injuries

to which the important parts of the sole are

exposed, and the only defence, the only sandal

worn to this day by multitudes. Its structure,

as shewn by removing carefully the cellular

tissue from its inner surface, is composed of a
number of whitish glistening fibres crossing

each other in every .direction, and enclosing

in their meshes portions of that granular fiit

which forms the layer immediately subjacent

to the skin. These meshes are closer and
smaller as we approach the outer surface,

where the cells entirely disappear. When the

cuticle is separated from it, the cutis exhibits

a vast number of exhalent pores, the source of

that profuse perspiration which is given off

from this part of tlie feet under exercise ; these

are pretty o<iua!ly distnbuted over the sole, but

the great thickness of the epidermis <it the

heel must impede the transpiration through it

* Sec an excellent paper by Mr. Key in Guy's
Ho!ipit»I Reporls. Vide Clinical Lecture on Corns
and Bunions, by Sir R, C. Brodie, Bart, in the

Med. Gazette, vol. xvii.
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to a considerable degree. The sensibility of

this part of the integuments is not at all in

relation to its apparent want of delicacy in

structure ; no part of the body possesses a

covering more acutely sensitive. The efl'ects

of pricking, of litillatiou, of cold or heat

applied to the sole of the foot, exemplify this.

Its sympathies also are as remarkable for their

liveliness as for their extent. Not even the

arm-pits or sides of the ribs are at all equal to

it in this respect. The bladder, the urethra,

the stomach and intestines, in fact almost all the

mucous membranes, together with the whole

voluntary system of nerves, and through them
tlie whole system of voluntary muscles, may
be said especially to sympathize with and to

be influenced by this one part. Of this no
one can doubt when we see the effects of

sudden cold applied to it in relaxing spasm of

the urethra or bowels, in checking vomiting,

or in rousing the whole nervous and muscular

system during fainting, &c. The effect also of

hot applications of stimulants and irritants

applied to this jjart familiarly illustrate its ex-

tensive sym))athies. The most sensitive part

of the sole is the hollow, that part where the

cuticle is least dense.

When the cutis is removed, we expose a
stratum of cellular tissue remarkable for its

density and toughness, and for the granular

fat witli which its cells are filled; it lies imme-
diately under the true skin, and over the

plantar fascia. We may here observe that a

similar integument, and the same kind of cel-

lular web under it, is spread over the heel,

and, from the peculiarity of its texture, is

probably more likely to inflame under the

effects of pressure than the skin of other parts

of the body ; at any rate, it very frequently

does inflame, and even slough, when long

subjected to pressure ; and inattention to this

point is often the source of great misery in

the treatment of fractures and dislocations of

the lower extremity. The heel resting upon
some hard portion of the apparatus often so

torments the patient as to be a serious impedi-

ment to the successful treatment of the case.

The fascia plantaris demands our particular

attention. It is a strong tendinous structure

forming a covering to the muscles and impor-

tant structures of the sole. It is very thick

and dense at its posterior part, and becomes
thinner, though still of the same consistence,

at the anterior part. The cellular web just

mentioned strongly adheres to it externally,

while the muscles which it covers are not only

adherent to its inner side, but many of their

fibres arise directly from it. It not only forms

a layer of separation between these muscles

and the more external parts, but it sends pro-

cesses of a simihur tendinous structure between

the principal muscles, which also afford origin

to many of their fibres. It divides itself into

three portions, one covering each of the three

principal groups of muscles found here. These

three portions are, however, united behind

where they ;irise in common from the under

projecting part of the os calcis, while ante-

riorly the layer becomes quite incomplete from

the subdivision into five slips, each of these

again splitting to pass to be fixed into each

side of the heads of the metatarsal bones. The
situation, structure, and connexions of this

fascia, of the dense stratum of cellular tissue,

and of the peculiar skin covering this, are

highly important to the surgeon. The know-
ledge of these points teaches why phlegmonous
inflammation must be diflScult of treatment,

and often dangerous in its results, whether it

occurs immediately under the skin or under

the fascia, but particularly in the latter situa-

tion, the dense unyielding structure of which

])revents the swelling from pressing outward,

thus greatly aggravating the pain and irritation,

and when matter has formed, equally prevents

its pointing outwards, and calls for the early

application of the lancet to give it free vent,

and thus prevent its spreading along the foot.

The structure of the parts just described is, as

far as it goes, an objection to the partial ampu-
tation of the foot recommended by Chopart,

wherein the flap is formed from these parts in

the sole, together with the muscles and tendons

found there. But this objection is by no
means fatal to operations upon these parts,

which have often been successfully performed,

and when they are so, often give a limb much
more useful than a wooden one.

We now come to the deep-seated parts of

the foot. These consist, 1. of the muscles

and tendons; 2. of veins and arteries; 3. of

nen-es ; 4. of absorbents. The muscles and
tendons compose three principal groups des-

tined to accomplish the movements of the

great toe, of the three middle toes, and of the

little toe, and according to their destination

and use, so is their situation in the sole. On
the inner side the abductor, the adductor, the

flexor brevis, and tendon of the flexor longus

poUicis form a pretty considerable mass, and
have a separate slip of the fascia plantaris

lying under them, in contact with the most
superficial of them, viz. the abductor. On the

outer or fibular side of the sole, a similar mass
of muscles, but smaller, lie underneath the

metatarsal bone of the little toe, composed
also of an abductor and a short flexor, while

one slip both from the long and short common
flexors joins them anteriorly. The space be-

tween these two masses of muscles is occupied,

most superficially, and immediately in contact

with the planliir fascia, by the flexor brevis

digitorum, next by the tendons of the flexor

longus digitorum, accompanied by their acces-

sories
;

posteriorly, the accessories or massa
carnea Jacobi Sylvii ; and anteriorly, the lum-
bricales, while deeper still than all there are

the interossei interni.

Amidst this number of small muscles, the

plantar arteries take their course in the follow-

ing manner. The posterior tibial artery, as

we have elsewhere seen (vide Ankle-joint,
Regions of), passing down behind the inner

malleolus, gets into the hollow of the os

calcis, lying pretty close to this bone, and
covered only by the integuments, cellular

tissue, and fascia. It now passes between the

origins of the adductor poUicis, and in doing
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so divides into external and internal plantar.

Hie tirst of these, wliich is much the larger

of llie two, runs in a soniewlial semicirLular

course, first forwards and outwards till it has

reached the base of the metatarsal bone of the

little toe, and tlicn winds round across the

oilier metatarsal bones, till at that of the great

toe it terminates by uniting with the anterior

tibial. In this course it runs first between the

superficial and deep muscles, \ii. first covered

by the abductor pollicis, then between the

flexor brevis digitorum and the long flexor

tendons ; it dien becomes more sujwrficial,

lying between the flexor digitorum brevis and

the ab<luctor minimi digiti; then in crossing

back to the inner side of the foot, it runs dee])

under all the muscles and tendons, except the

interossei. Thus this artery forms an arch,

called the plantar arch, having its convexity

foi-wards and outwards, its concavity inwards

and backwards. The branches which it sup-

plies in this course are, first, a number of large

muscular branches before it reaches the outer

side of the foot ; then from the convexity of

the aich itself, the digital arteries, one to each

metatarsal space, which, dividing at the first

joint of the toes, run one on each side of the

toe to its termination ; and lastly, those from

the upper and inner sides, being generally very

insignificant muscular branches and communi-
cating branches, these last going upwards
between the metatarsal bones to anastomose

with the metatarsal branches of the anterior

tibial artery. It is right, however, to state

that in this, as in every other part of the

arterial system, great variety is occasionally

found. The internal plantar artery is a com-
paratively small artery, merely going to supply

tlie muscles and integuments of the great toe,

and for this purpose passes forwards along the

under and inner side of the tarsus, covered by

the abductor pollicis as far as the first phalanx

of the great toe, where it divides into several

branches, supplying both sides of the great toe,

and the inner side of the second. The veins

which accompany the plantar arteries are, like

all deep-seated veins, two in number, one ou
each side of the artery, and they terminate in

the hollow of the os calcis by forming the

jxisterior tibial veins. The plantar arteries are

accompanied also in their course by corre-

sponding nerves, the termination of the poste-

rior tibial nerve, which divides in the hollow
of the OS calcis. Tlie internal plantar nerve,

contrary to the order of the arteries, is the

larger of the two ; it runs in company with the

inner plantar artery, and sends branches to the

three inner toes, and to the inner side of the

fourth, while the external plantar nerve running
the course of the corresponding artery is dis-

tributed only to the fiith toe and outer side of
the fourth. The lymphatics of the sole of

the foot, like the rest of this system, are com-
posed of a su]>erficial and a deep set, the

former collecting from all parts towards the

inner ankle ; the latter accompanying the plan-
tar arteries and veins, and passing up also with
them liehind the inner ankle, go with the tibial

veins to the ham. There are several synovial

bursce in this region which it is necessary licre

to mention. They are surrounding the tendons
as they pass into the sole along the hollow of
the OS calcis, viz. the flexor longus pollicis and
flexor longus digitorum. Their anatomical
de.scription has been already given (see Ankle,
Region of). Another synovial sheath is

surrounding the tendon of the pemneus longus
as it obliquely crosses the sole to its insertion.

Tliis bursal cavity is situated close upon the
bone, and under the principal ligaments.

II. Plantar region 0/ l/ie toes.— Of the

toes we observe that the integuments of the
under part are always soft and pliable, com-
pared with the rest of the integument of the
sole, and possessing peculiarly the sense of
touch ; that under the skin at the extremity

of the toes there is a soft elastic cushion of
cellular tissue, analogous to dial at the tip of
the fingers, and in this and in the cutis the

extremity of the digital arteries and nerves is

minutely ramified, llie digital arteries them-
selves, with their accompanying nerves and
veins and absorbents, are running along the

edges of this under surface of the toes.

Lastly, the tendinous thecae, in which the

flexor tendons are lying, are situated along
the under surface of the phalansies of the
toes, and are particularly attached to the sharp

edges of these bones (see Foot, Join is

of). They have a smooth synovial lining

which prevents the effects of fi-iction upon the
tendons, and facilitiites their movements.
From the description which has now been

given of the organization of the plantar region

of the foot, we readily perceive, 1st, VVhy
deep wounds of this part are both followed by
considerable ha;morrhage, and why this is at

the same time very diflicult to stop. The
arterial branches are numerous and lie deep.
Before we can get at them either to press u|)on

or to tie them, we must do so through a thick

integument, a dense tendinous iascia, and
deep-seated layer of muscles. If we dilate

the opening in all these parts we wound many
more branches, while it is impossible at such a
depdi, and through such part, to discover the

bleeding vessel, if the opening is small. We
are, therefore, compelled in such a case, if

pressure will not stop the haemorrhage, to tie the

posterior tibial artery, either behind the ankle
or at the lower third of the leg. But even this

is sometimes not suflicient to slop the haemor-

rhage, owing to the free anastomosis of the

arteria dorsalis pedis with the plantar arteries ;

and we are then compelled also to tie the

anterior tibial. 2d, We see why inflammation

and suppuration in these parts, whose parietes

as well as contents are in great measure ten-

dinous, are threatening both in their present

symptoms and in their consequences. Not
only is the ready detection of suppuration pre-

vented, but the elibrts of nature to bring it to

the surface are resisted. The inflamed parts

are bound tight; if matter has formed, it is

obliged to burrow laterally, in contact with

nerves, arteries, tendons, &c. The inflamma-

tion spreading to the synovial shratlis either

impairs or destroys the movements of the

2 A 2
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tendons in tliem, or, going still further, com-
municates the intlammation to the tendon,
and occasions it to slough. Moreover, the

tendinous structure which envelopes some of

these bursal cavities is the cause of those

violent and alarming symi)toins of constitu-

tional irritation, by no means uncommon when
only a very small ([uantity of matter has formed
within them, a state sometimes almost instan-

taneously relieved by a judicious opening made
with the lancet, and giving exit to even so small

a quantity of pus. 3d, Why severe contusions

or lacerations are here so often followed by bad
consequences, the power of repair in tendinous

stractures, which so largely enter into the

composition of the parts about the foot, being
small, and consequently the inflammation fre-

quently proving the destruction either of the

structure or the functions of the parts affected.

The study of the nature and position of these

joints of the foot is of gieat interest and im-
portance to the surgeon, and it will not be in-

appropriate in this article to offer some obser-

vations upon some of the operations in which
they are concerned. Modern surgery, whose
greatest triumphs have been in the saving of
limbs, not in removing them, in discovering the

least possible quantity of loss by which the

disease might be eradicated, rather than the

readiest method of taking off the entire limb,

has taught us not to be deterred by the intrica-

cies of the numerous joints of the foot, but
fearlessly to lead the knife through any part of
them, so that we may only save a serviceable

portion, which may be more convenient than a
wooden substitute. The removal of the toes at

their joints is comparatively easy, though it

should be remembered, in amputating at the

metatarso-phalangeal joint, that this articulation

is situated much deeper than the corresponding

one of the hand, owing to the greater length of
the web and greater thickness of the member
itself. The metatarsal bones may be removed
separately or altogether fi-om their junction with

the tarsus, as first done by Iley of Leeds, and
described in his Surgical Observations. The
removal of a single bone is, except it be either

the first or the fifth, more difficult and even
more dangerous, in regard to the liability to

after inflammation, than the removal of the

whole metatarsus. In performing this last

operation, tlie guide for entering tlie whole row
of joints is the projecting tubercle of the fifth

metatarsal bone, immediately behind which the

joint may be opened, and on coming to the

projection of the inner cuneiform bone, (see

Jig. 167,) most surgeons recommend the cutting

Fig. 167.

extracted, both with and without the attached

metatarsal bones. Of the former kind a very

remarkable instance is given by Mr. Key in the

second number of Guy's Hospital Ueiwrts, in

which the only bones of the tarsus left were the

OS calcis, astragalus, scaphoid, and internal

cuneiform bones a.s a support to the great toe.

(See./fgs. 167 and 168, in the first of which the

dotted line represents the portion of the bones

of the foot which was removed inJig. 168.)

Fig. 168.

off its projecting part, rather than to finish by
opening the joint. The tarsal bones have been

Should disease or accident have destroyed

all, or most of the bones in the front row of the

tarsus, they may all be readily removed by

amputation at the astragiilo-scaphoid and calca-

neo-cuboid joints, an operation generally known
as that of Chopart, who first practised it. IIow

far, however, such a portion of the foot pre-

served is preferable to the use of a short wooden
leg applied to the end of the limb, amputated

a little above the ankle, (a plan which we have

used with perfect success,) certainly admits of

a doubt. At any rate its advantages cannot be

put in competition with the principle so admi-

rably illustrated by Mr. Key in the before

mentioned case, of saving, if possible, a portion

of the metatarsus and toes, though at the risk

of a more painful, and perhaps more dangerous

operation.

Upon a general survey of the structure and

form of the foot, we are struck with the differ-

ence between this organ in man and in all other

animals. The most striking peculiarities con-

sist in the great breadth of the foot, its short-

ness in proportion to the leg, the large size of

the bones of the tarsus, the relative shortness

and smallness of the four outer toes, and the

great size of the inner one, the great strength

of the calcaneum, and lastly, in those arches

produced by the arrangement and form of the

tarsal and metatarsal bones. The only animal

that nearly approaches to the form of man,

the monkey, yet differs from him in all these

points. Its foot is narrower and longer in

proportion to the leg, its torsal bones are

smaller, its four outer toes are long like the

fingers, while the first is small, and separated

from the rest. The calcaneum is relatively

small, and inclines upwards at its posterior

projection, while the peculiarities already spe-

cified necessarily occasion that the arches of

the foot are much less distinct than in man.

Indeed, in supporting itself erect, the monkey
rests very much on the outer side of the foot,

probably on this account. In all other animals

these differences are still more marked. What
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DOW can be more evident or more beautiftil

thiui the design manifested in this simple
arrangement of the fool! Man is physically

as well as morally intended to carry him-
self erect. The breadth of his base was ne-

cessai-y for his continued support; the strength

of it is called for on account of tlie great

weight which erect progression throws upon
it. Its arches were essential not only to give

lodgment and defence to the vessels and nerves

of the plantar region, but, by the peculiarity

of their construction, to admit of a certain

degree of elastic yielding, which greatly dimi-
nishes the shocks from violent efforts in leaping,

running, &c. The shortness of the toes, aug-
mented by the depth of the webs, sliows that pre-

hension forms no part of the design of the foot,

while the size of the first toe, and its connexion
with the others, points it out as the principal

instrument of progression, to which tlie rest

are auxiliary. The analogies between the foot

and the hand are suiking ; they have the same
general arrangement of bones and muscles,

and even the arteries and nerves, the joints

and ligaments, are in many respects similar,

but in the ])articulars just mentioned the dif-

ference is strikingly obvious and important,

and just in these respects it is that the feet of

the (juadrumana also differ from those of man,
showing a diffierence in their intended action,

the erect position, at the utmost being only
occasional, not being the natural habit, but the

foot being prepared and adapted for grasping

and clinging, for which the human foot is

quite unfit.

Tlie construction of the arches of the foot

requires a few words. They are two in number,
a transverse and a longitudinal one. The latter

of these is principally found along the inner

edge of the foot, and as we pass towards the

outer side the longitudinal arch gradually

shortens and becomes more flattened, until at

the outer side the arch is entirely lost, the

bones of the tarsus and metatarsus resting

through their whole length upon the ground.
This is to a certain degree necessary from the

construction of the toes, these being weaker
and shorter, as well as their metatarsid bones,

as they are further from the great toe ; as their

strength therefore diminishes, the corresponding
[art of the arch is shortened and flattened, and,
consequently, less strain is thrown upon them,
until, at the line of the little toe, the arch is

obliterated, and what weight is resting here
comes at once u|X)n the ground. But from
this construction it follows that the longest and
the highest line of this arch falls upon the
strongest metatarsal bone and longest toe, and
that whatever yicldinir there is occurring in the
entire longitudinal arch is greatest in this part
of it. This is, indeed, proved by the fact that

the length of the foot in a sound state is in-

creased in the line of the great toe to the extent
of several lines, by resting the weight of the
body upon the foot, wherea.s it is not at all

increased in the line of the little toe. When,
theretbrc, the arch yields to the superincumbent
pressure, it does so cliicHy along tlic inner side,

and tilt foot is thus, to a certain degree, twisted,

the inner malleolus approached nearer to tlie

ground, while the outer is very little, if at all,

lowered. This explains to us the reason of the
scaphoid and inner cuneiform bones projecting

as they do in tlie flat fool, and of the |Kun ex-

perienced on die inner side of the foot in the

same deformity in all efforts to raise the heel in

walking. It may also in some degree account
for the fact of the more frequent occurrence of
dislocation of the tibia at the ankle-joint in-

wards than outwards, the arch of the foot

yielding first to the force of die accident on the

inner side, and thus tilting the whole ankle-

joint inwards. The utility in walking of die

form and relation of the various parts of the

foot now mentioned is readily seen when we
unite the consideration of the structure of this

arch with the combined action of die gastro-

cnemii upon the heel, and of the peroneus
longus upon the outer side of die foot. The
united action of these muscles throws and
sustains die whole weight upon the strongest

and most elastic part.

Whatever has been said of the utility of the

longitudinal arch applies equally to the trans-

verse arch, whidi is supplementary and auxiliary

to tlie former in all its uses.

(A. T. S. Dodd.)

FOOT,MUSCLES OF TilE.—In speaking
of the muscles of the foot we necessarily under-
stand not merely those muscles which are si-

tuated ucon the foot, but those muscles pecu-
liarly belonging to it, which are concerned in

producing its motions wherever situated. The
muscles of the foot, in this sense, are partly

situated upon the leg and partly upon the foot,

and should, in a physiological view, be consi-
dered together, tliat we may the better under-
stand their separate and combined functions.

We shall therefore, in this, as in other ana-
tomical articles, first give the descriptive

anatomy of the muscles situated upon the foot,

and then examine tlieir functions in connexion
with those others whose action is upon the
joints of the foot, and which are therefore

strictly muscles of the foot, but which are
anatomically described elsewhere. (See Leg,
Muscles op tue.)

The proper muscles of the foot are, 1. those
on the dorsum ; 2. those on the sole.

The muscles on the dorsum pedis are the ex-
tensor brevis diffitorum and the Jtirsal interossei.

1. Tlie extensDr brevis di^itorum (Fr. pe-
dieux).—This is a short flat muscle, situated

uixin the outer side of the tarsus and meta-
tarsus. It arises by fleshy and tendinous

fibres from die upper and anterior part of the

OS calcis, in the hollow between that bone and
tlie astragalus (creux astrugdlo-citUanieit ), also

]»nly from die os cuboides. It immediately

forms a broad fleshy belly, the fibres of which
pass forwards and inwards, and divide into

four portions, from each of which proceeds a
slender tendon. Tliese four tendons, of which
the two internal are the stroni;est, cross undrr
those of die long extensor of the toes, opposite

the heads of the metatarsal bones. Of iho>c

tendons the internal is inserted into the base of
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the first phalanx of the great toe, the others

are united to tlie outer edge of the long ten-

dons, with which they form the ajioncurosis

whith covei-s the dorsum of each toe. The
obliquity of this short muscle counteracts the

obliquity of the long extensor, and it serves to

extend and to spread the toes, and to pnll

them away from the great toe.

2. Interossci dursules vet cxterni.-—These are

four in number, and arise by double heads,

that is, they arise from both the contiguous

metatarsal bones, here occupying the whole of
the interosseal space, and thus concealing the

internal niterossel, which are seen only in the

sole. Their flat tendon unites with that of the

long and short extensors, and is inserted into

the side of the bases of the first phalanges of

the toes in such a manner that, with internal

interossei, every toe has one of these little

muscles on each side of it, except the first toe,

whith has two distinct muscles of its own for

the same action, and the little toe, which is

provided with a separate abductor. Their use

IS to separate the toes, and perhaps to assist in

extending them.
In tl'.e sole of the foot the inner side is

occupied by the muscles of the great toe, con-
stituting what some French writers call the

thenar eminence. These muscles are as fol-

lows:

—

1. Abductor pollitis pedis.—This commences,
by a tendinous and fleshy origin, from the tu-

bercle on the under and fore part of the os

calcis, from the ligament extending between
the OS calcis and os naviculare, and from the

fascia plantaris. Its tendon unites with the

flexor brevis poUicis, and is inserted into the

internal sesamoid bone, and inner side of the

base of the first phalanx of the great toe. It

draws the great toe from the others.

2. Flexur brevis poUicis.—Lies between the

abductor and adductor, in contact with the me-
tatarsal bone. It arises, by two portions, from

the under and fore part of the os calcis, and
from the external cuneiform bone. It is united,

on each side, to the abductor and the adductor,

and is inserted with these, by a union of ten-

dons, into the two sesamoid bones and base of

the first phalanx of the great toe, having the

tendon of the long flexor passing between the

two insertions.

3. Adductor pullicis.—Tliis muscle, which is si-

tuated the most exleriiaUy, or fibulad, of the mus-
cles of the great toe, commences by a tendinous

origin, from the calcaneo-cuboid ligament, and
from one or two of the metatarsal bones. It is

double at first, and then uniting, sends a tendon

to be fixed into the external sesamoid bone and

outer or fibular side of the base of the first pha-

lanx of tl.e great toe, in close connexion with

the flexor bre\is. It draws the toe towards the

others. The muscles of the little toe are situ-

ated on the outer edge of the foot, and form, in

that situation, a corresponding eminence, which

has been called the hypothenar eiuinence.

1. Abductor )iiiniiiii Jigiti.—This arises from

tl.e outer, under, and fore part of the os calcis,

and from the fascia plantaris. It forms a long

slender belly, and is fixed by its tendon into

the base of the first phalanx of the little toe,

and head of its metatarsal bone. It flexes and
abducts the little toe, and, by its attachment

to the metatarsal bone, it strengthens the arch

of the foot, which indeed may be said of almost

all the muscles of the foot.

2. Flexor brevis minimi digiti commences
from the os cuboides and base of the metatarsal

bone of the little toe, and lying close to this

bone, it is inserted into the base of the first

phalanx. It is a very small muscle, and its

use is to flex the toe.

The middle of the plantar region is occupied

by six muscles common to all the smaller toes.

1. Flexor brevis digilorum, called also per-

foratus.—This muscle arises, fleshy, from the

anterior part of the protuberance of the os

calcis, also from the inner surliice of the plantar

fascia, both from its central thick portion and
from the septa, which run between this muscle

and those of the great and little toes. Under
the metatarsus it sends off four small tendons,

which, entering the sheath on the under side

of the four outer toes, are inserted into their

second phalanx. Before these tendons arrive

at the point of insertion each of them splits, to

allow the passage of the tendon of the long

flexor, in a manner similar to what takes place

in the hand, and they thus have a double inser.^

tion into the toe. The action of this muscle is

to flex the second joint of the four lesser toes.

2. Flexor digitorum ucccssorius, or massa

cornea Jucobi Sylvii.—This is a short muscle,

somewhat square in form, covered by the flexor

brevis digitorum. It arises, fleshy, from the

sinuosity of tlie os calcis, and tendinous from

the outer side of the same part; it is attached

anteriorly to the tendon of the flexor longus

digitorum, just before it divides. Its use is, evi-

dently, to assist the action of the long flexor.

3. LiinibricaU's.—These slender round mus-
cles are found between the tendons of the

long flexor of the toes ; they arise from these

tendons just after their division, and fix their

own tendon into the inner or tibial side of the

first phalanges of the four outer toes ; they act

by bending the first joint of these toes.

4. Interossei ptuntares vcl inlerni.—These
are three in number, smaller than the external,

and having their origin each from only one me-
tatarsal bone. Their insertion and action have

been mentioned when speaking of the external

interossei.

5. Transversulis pedis.—This little muscle

is situated across the heads of the metatarsal

bones, passing from the fibular side of the great

toe to the tibial side of the little one, and at-

tached to them all as it passes over them. It

goes under the tendons of the long flexors and
the lumbticales, or rather between them and
the bones. Its action is to draw the metatarsal

bones together, thus to consolidate, as it were,

and strengthen that antero-posterior arch, which,

were its parallel portions allowed to spread out

unchecked, would be materially weakened, and
be less able to encounter the violent movements
to which the foot is liable in leaping, running,

&c.

We shall now enumerate the muscles which
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are employed iii tlie movements of tliu foot

and lis several )x>rtioiis, and classify them ac-

cording to tlie joints upon which they act and
tlie movements they produce.

The motions of the atikle-

joMit are

. Flexion

by . .

accomplished^

2' Kxtension
by

performed

The motions between the

first and second row of<

tarsal bones* are . .

. Downwards and in-

wards accomplished by .

2. Upwards and outwards
.by

"1. Flexion performed by .^

1. Tibialis aiiticus.

2. Peroneus tertius.

3. Extensor longus digitorum.

4. Extensor proprius pollicis.

""1. Gastrocnemius extemus.
2. Gastrocnemius intcnius.

3. riantaris.

4. Flexor longus digitorum.

5. Flexor longus pollicis.

6. Tibialis posticus.

7. Peroneus longus.

_8. Peroneus brevis.

1. Tibialis posticus.

2. Extensor proprius pollicis.

3. Flexor longus digitorum.

4. Flexor longus pollicis.

1. Peroneus Longus.
2. Peroneus brevis.

3. Peroneus tertius.

4. Extensor longus digitorum.

1. Flexor longus pollicis.

2. Flexor brevis pollicis.

3. Flexor longus digitorum.

4. Flexor brevis digitorum.

5. Flexor accessorius digitorum.

6. Lumbricales.

2. Extension by

The motions of the toes are'4

3. Abduction by

4. Adduction by

In this table we are struck with the propor-

tion which the antagonist muscles liear to each

other, both in numbers and in individual as

well as collective power. This pro|)ortion is of

course regulated by the demand for muscular

force in the ordinaiy movements of the joints.

Tlie extension of the ankle, in the most ordi-

nary mode of its performance, implies the lift-

ing of the whole weight of the body by the

elevation of the heel, the toes resting upon tlie

ground. This, owing to the unequal length

of the two levers, requires an immense power,

while the shortness of the moveable lever allows

of very little extent of motion. The gastro-

• It is remarkable ihal so original and accurate

an ohserver as Dr. Barclay should attribute this

motion to the ankle-joint, and should deny any
motion, more than a mere yielding, to any of the
tarsal bones. But it is slill more surprising that

he should make the same observation of the carpus,
when so very considerable a part of the ordinary
motion at the wrist is obviously between the two
rows of car) at bones. See Karclav on Muscular
Motion, pp. 404, 447.

7. Flexor brevis minimi digiti.

'l. Extensor proprius pollicis.

2. Extensor longus digitorum.

3. Extensor brevis digitorum.

1. Abductor pollicis.

2. Abductor minimi digiti.

r Prior indicis.

3. Interossei< Prior medii digiti.

\_ Prior tertii digiti.

1

.

Adductor pollicis.

2. TVansversalis.

{Prior minimi digiti.

Posterior indicis.

Postenur medii digiti.

Posterior tertii digiti.

cnemii are accordingly thick short muscles,

with a long and powerful tendon. These are

assisted by the plantaris and five other muscles.

F'lexion, on the contrary, which generally im-
plies merely the elevation of the foot, without

any other force to overcome, is adequately

provided for by only four muscles, and these

not large, indeed one of them very small.

The assistance rendered by the five auxiliaiy

muscles, which pass behind the malleoli,

though considerable on the whole, yet is small

individually in pro|K)rtion to their size, owing

to the disadvantageous situation which their

tendons occupy at so very short a distance from

the cenU-e of motion ; for this reason,—when
the tendo Achillis is ruptured, the patient is

as incapable of walking as if all the extensor

muscles were divided, yet when the body is

resting ihe antagonism of the extensors is not

entirely lost. The foot is not permanently bent

upwards, and the simple act of extension can

be accomplished without great diOiculty. One
of tlie most remarkable of .all the extensor

muscles, both as to its course and its function.



MUSCLES OF THE FOOT.360

is the peroneous externus. (See Leg, Mus-
cles or.) The tendon of tliis muscle passes

liehind the outer malleolus, then, running

downwards and forwards, it enters a groove

formed in the os calcis, close behind the pro-

minence of the base of the fifth metatarsal

bone. It then runs across the sole of the foot,

in contact with the bones, to be fixed to tiie

inner cuneiform bone and metatarsal bone of

the great toe. The course and situation of the

tendon well deserve particular attention in tlie

dissection of the foot. Without some study, it

is impossible fully to understand its office, or

how essential its action is to the mechanism of

progression. If we examine the general form

of the foot, we see that the anterior end of it is

not square, owing to the comparative length of

the toes. These are not of equal length, but

are each shorter than the other as we proceed

outwards, the outermost of all being the short-

est. This part of the foot then is like the end of
an oblong, with one angle greatly rounded off.

When, therefore, the weight of the body is, by
the elevation of the heel, thrown forwards upon
the toes, there is necessarily a tendency, in this

shape of the foot, to tilt the pressing force out-

wards, whereas if all the toes had been of equal

length, the elevation of the heel would simiily

have thrown the weight directly forwards, the

support being equal on both sides of the foot.

This tendency outwards, occasioned by the

difference in length of the toes, is still further

increased by the difference in strength, the

largest, the most unyielding support, being on
the inner side of the foot, the smallest and the

most yielding being on the outer. This then

being the construction of the basis of support,

some means of counteracting this tendency was
necessary to enable us to carry the body directly

forwards, even in the simple act of walking,

and still more in the more violent exertions.

This is accomplished by the peroneus longus,

whose tendon, like a girt, passes under the

outer edge of the sole, and thus, lifting this,

and in some degree turning the sole outwards,

throws the weight of the body upon the great

toe. This action of the muscle is particularly

exemplified in the movements of skaiting.

The movements of the bones of the tarsus

are so distinct and constant that we have clas-

sified the muscles which act upon them sepa-

rately from those of the ankle. (See Foot,

Joints oi.)

The muscles of the great toe are remarkable,

as might be expected, for tlieir size and strength.

The long flexor is consideiably larger than tliat

common to the other toes, and gives to this a

slip of its tendon, so that the Hexor longus pol-

licis does in fact assist in Hexing all the toes.

The general arrangement of all the muscles

and tendons in the sole is very curious, and

lias a further object than the mere flexion of the

toes. The great toe is, as we see, well provided,

and it needs Uiis, since it bears the greatest

share of the burden of the body in walking,

&c. The muscu'ar provision for the other toes

is as considerable, and indeed more so, in pro-

portion to tl'.e size of the toes. There is, 1st,

the flexor brevis digitorum; 2d, the flexor longus

Fig. 169.

1 Flexor accessorius.

2 Flexor pollicis longus.

3 Flexor digitorum longus.
4 Slip from the flexor pollicis longus to the flexor

digitorum longus.

6 Lumbricales.
6 Tendon of long flexor.

digitorum ; 3d, this tendon receives an aux-

iliary tendon from the long flexor of the great

toe; 4th, themassacarnea; 5th, the lumbricales.

There can be little doubt that the use of all

these muscles is to give a powerful support to

the antero-posterior arch of the foot, to which
purpose the mere ligaments would be little

equal. But we must admire not only the

number and force but the arrangement of Uiese

muscles, which are so placed as to act, almost

all of them, from the same centre, and there-

fore with greater advantage for the object of

strengthening the arch. Thus the flexor brevis

digitorum lies pretty nearly central in this region,

while immediately under it the flexor longus

digitorum, running from within outwards, is

crossed in the opposite oblique direction by the

flexor longus pollicis, and these again are still

further checked outwards by the flexor accesso-

rius, so that the centre of action of all these mus-
cles and of the lumbricales also, which arise from

the long flexor tendon, is in the same line as the

flexor brevis, which lies over them, and as a

support to the great arch of the foot this arrange-

ment of the muscular chords must have a pecu-

liarly advantageous effect.

(A. r. S. DtM.)
For the BIBLIOGRAPHY, see Anatomy (Istiio-

DUCTION).
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FOIIE-AIIM, (Surgical anatomy), (Anti-
britchium ; Kr. Avunt-bnu ; Germ, dtr Vorder-

umi). Itiis term is applied to that jiortinn

of the upper extremity which is situated be-

tween the ellx)W and wrist-joint.

In the well-formed male all the muscles of

this region, but especially the supinators, from

the fascia which covers them being extremely

thin, when thrown into action stand out in

strong relief, giving an ajipearance of great

power concentrated within a small space. In
the female, on the contrary, the fore-arm, from
the great preponderance of adijxjse tissue,

presents a swelling outline and rounded form,

not the less beautiful, perhaps, from indicating

deficiency of muscular energy, and conveying
tlie idea of softness and dejx^ndence.

The usual and least constrained position of

the fore-arm is with the hand between prona-

tion and supination, that is, with the palm
of the hand inwards and the dorsum outwards

;

but for the purix)se of anatomical description

the palm of the hand is sup|)Osed to face for-

wards and the dorsum backwards, the fore-arm

being extended. In this position the fore-

arm obviously differs from the arm in being
wider from side to side than from before back-
wards. Superiorly it presents in front a very

slightly convex surface, but inferiorly there is

formed by the flexor tendon a distinct central

projection, which is bounded by the flexor carpi

Tddialis on tlie radial side, and by the flexor car]}i

ulnaris on the ulnar.

Tlie posterior surface of the fore-arm is more
irregularly convex than the anterior; the greatest

convexity is nearer the ulnar than the radial

edge, and is formed by the olecranon above
and the shaft of the ulna below, which is

covered only by the skin superiorly. A con-
siderable depression may be observed, bounded
on the inner side by the olecranon, and on
tlie outer by the supinators; in this depression

the outer condyle may be felt. To the inner

side of the olecranon there is a corresponding
but much smaller depression, in which the

inner condyle is situated. For about three

inches above the wrist-joint the fore-arm pos-

teriorly is slightly concave in the centre in

consequence of the marked projection of the
ulna and radius on either side. In the motions
of pronation and supination the shape of the
fore-arm is considerably changed ; but as no
practical advantage can attend a detailed ac-
count of the changes undergone, we shall not
dwell upon them here.

Tlie parts composing the fore-arm are as fol-

low: the radius and ulna, the muscles of the hand
and fingers, the radial and ulnar arteries with
their branches, the vena; satellites of these
arteries and the subcutaneous veins, the radial,

ulnar, median, and cutaneous nerves, the ab-
sorbent visscls, a quantity of cellular and
adijxise tissue, various aponeuroses, and the
common integuments.

The configuration, relative position, and
connection of the bones of the fore-arm have
lieen descril>e<l in the article KxtREMiry.
They move together in Uie flexion and exten-

sion of the fore-arm on the os humeri at the

elbow-joint, under the influence of the biceps

flexor cubiti and brachialis aiiticus, and the

triceps extensor cubiti and anconeus.

In the motions of supination and pronation

the radius is always rolled upon the ulna,

the latter remaining [jerfettly fixed, though
this fiict has been disputed in consequence of

the thick sacciform ligament of the wrist and
the tendon of tlie extensor car])i ulnaris being

felt to roll under the finger when placed on
the inferior extremity of the ulna during tlie

motion of rotation and supination, and thus

communicating the sensation of a motion in

the ulna itself.

The skin of the fore-arm diflers considerably

on the dorsal and anterior aspects. On the

former it is coarse and comparatively rough,

containing numerous small hairs ; on the latter

it is smooth and more delicate, and the adi[)ose

tissue being more abundant on the anterior,

the whole surface is more even, while on the

posterior the extensor muscles of the hand
Jtnd fingers, being slightly covered, project

considerably. Neither of the regions, however,
contain so much fat as most other parts of the

body.

TTie superficial veins which are subject to

the greatest variety, are usually more distinct

and numerous on the dorsal aspect, particularly

at the lower part.

The subcutaneous nerves, which are very

numerous, are derived from the following

sources : 1st, the intenial cutaneous nerve,

which is one of the divisions of the axillary

plexus; 2dly, the cutaneous branch of the

radial ; 3dly, the musculo-cutaneous.

The internal cutaneous nerve divides into

two branches in the upper arm, in which
region it accompanies the basilic vein. Tliese

two branches penetrate the fascia separately

above the elbow-joint, and the one, the an-
terior branch, descends on the front of the

fore-arm, the other, the posterior, on the back
of it. The anterior branch usually passes

behind the basilic vein, sending a small twig

or two anterior to it. Its course is continued

to the wrist-joint, supplying tlie skin on the

anterior and inner side throughout; the pos-

terior division accompanies the basilic vein,

and may be always traced to tlie back part

of the wrist.

The small branches of this nerve, which
cross in front of the basilic or median basilic

vein, are occasionally wounded in the ojjera-

tioii of venesection ; an accident which gene-

rally excites considerable inflammation, with

severe constitutional irritation, symptoms which
are sometimes erroneously attributed to the

action of a foul lancet.

The skin on the anterior surface of the outer

half of the fore-arm is supplied with nerves

by the external cutaneous nerve, a division of

the axillary plexus : it is a deep-seated mus-
cular nerve in the upper arm and penetrates

the fascia, becoinin'.; subcutaneous anterior

and a little below the ell)ow-joint. In this

situation it is (xisterior to the median cephalic



36a FORE-ARM.

vein ; its branches are numerous throughout

its course, which terminates at the wrist-joint

in the supply of branches to tlie skin on the

dorsum and ball of the thumb, which inosculate

with the cutaneous of the radial.

This last-mentioned branch, the cuttmeous of
the riidkd, is derived from its trunk on the

outer side of the middle of the arm ; imme-
diately after that nerve has emerged from
between the triceps extensor and the bone, a
series of branches is distributed to the skin

of the arm. The remainder of the nerve,

which is a descending branch of some size,

passes down behind the elbow-joint, and be-

coming subcutaneous supplies the skin of the

posterior surface of the outer half of the fore-

arm, and corresponds to the musculo-cutaneous

on the anterior. Thus it will be seen that

the skin on the inner side of the fore-arm,

both anteriorly and posteriorly, is supplied by
the internal cutaneous, while that on the outer

side is supplied in front by the musculo-cu-

taneous, and behind by the radial nerve.

The superficial veins of the fore-arm, though
subject to the greatest variety, are usually

distinguished by the names of the cephalic,

basilic, and median. The two first commence
on the back of the hand ; the cephalic on the

external, and the basilic on the internal side.

They freely anastomose at the lower part of

the fore-arm, after which they separate, and
reaching the anterior surface below the elbow,

are joined by the median vein, as described

in the articje Elbow.
The superficial absorbents take nearly the

same course as the veins, though they are

far more numerous, and on the whole pursue

a straighter direction. The course of tliese

vessels is occasionally demonstrated in the living

subject by active inflammation of their coats

following the absorption of irritating matter.

Aponeurosis.—The aponeurosis of the fore-

arm is simply a continuation of the same
structure, which surrounds and supports the

muscles of the upper arm ; it varies very much
in density and appearance in different situa-

tions ; this difference arises fiom the fact that

both the triceps extensor and biceps flexor

cubiti send to it many fibres, which not merely

give additional streni;th to its texture, but also

act as a medium through which these muscles

possess the power of making tense the fascia.

I'his provision for tightening and supporting

the fascia of the fore-arm is analogous to those

arrangements which we meet with in the thigh

and leg.

The ftiscia of the fore-arm is strongest at the

posterior part of the limb, on each side of the

olecranon. The fibres derived from the tendon

of the triceps on the external side pass trans-

versely outwards to be inserted into the outer

condyle, intermingling with the radial exten-

sors at their origin, at the same tmie firmly

connected to the olecranon process, posteriorand

internal edge of the ulna, thus forming a dense

and firm covering to the anconeus, between

which muscle and the extensor carpi ulnaris a

process of fascia is met with which forms a

dense septum between the two. The fibres

from the internal edge of tlie triceps at the

upper part also pass transversely, reaching the

inner condyle, intermingle with the origin of
the flexor muscles ; others again, descending at

the back part of the arm, form an aponeurosis

over the flexor carpi ulnaris; while those which
pass forwards intermingle with the aponeurotic

fibres of the biceps. Tliese fibres from the

biceps are uniformly strong and distinct, and
give a great firmness and density to the fascia

on the inner side of the arm covering the flexor

muscles, which is not met with on the outer

side of the arm supporting the supinators.

The fascia in front of the fore-arm which covers

the supinators receives its last fibrous connexion
from the tendon of the deltoid. The fascia of

the fore-arm on reaching the posterior part of

the wrist-joint has interwoven with its texture

many beautifully distinct fibres, taking a
slightly oblique course from without to within,

and from above to below ; these fibres, which
are firmly attached to the radius on the outer

side and the ulna on the inner, become insen-

sibly lost in the fascia on the back part of the

hand, which resembles in its homogeneous
appearance the fascia on the lower part of the

fore-arm ; these supplementary fibres to the

fascia, though presenting a distinct edge neither

above nor below, act as a ligament to the exten-

sor tendons in their passage behind the wrist-

joint, which has been called by some anatomists

the posterior annular ligament ; between these

tendons and the ligament there is a large and
distinct bursa, not unfrequently the seat of

inflammation. The fascia on the lower and
fore part of the fore-arm, consisting principally

of transverse fibres, becomes gradually thinner,

and in front of the wrist-joint is inseparably in-

terwoven with the fibres of the annular ligament.

Tlie aponeurosis of the fore-arin forms many
septa between the muscles. Commencing with
the description of the septa in the back ])ait of
the arm, we find a dense and strong one sepa-

rating the anconeus from the extensor carpi

ulnaris, and from which the latter muscle takes

part of its origin. A second dips between the

extensor carpi ulnaris and extensor communis
digitorum, giving origin to both. A third is

found between the common extensors of the fin-

gers and radial extensors. The radial extensors

and supinators are not thus separated from each

other. A fourth process, distinct though com-
paratively thin, separates the supinator radii

longus from the brachialis anticus, the tendon
of the biceps, pronator radii teres, and flexor

carpi radialis. There is also another process

which unites the tendon of the supinator radii

longus on the outer side to the flexor carpi

ulnaris on the inner side, and forms a firm and
dense covering to the radial artery. The pro-

nator radii teres is scarcely separated from the

flexor carpi radialis by a distinct septum,

though the last-mentioned muscle is completely

separated from the palmaris longus by a dipping

in of the fascia, between the fiexor communis
digitorum sublimis and flexor carpi ulnaris

tliere is a very perfect and distinct septum.
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Of the (lifTerent morbid growths which arise

in the celhiUir tissue of the fore-arm, those

which iue superficial and those which are

beneath the fascia require careful distinction,

the removal of the former being easily effected,

while all o|)eratioii3 on tlie latter require great

consideration and care.

The superficial tumour projects under the

skin, creating some deformity ; it may be

moved with facility, for its attachments are

loose; while, on the other hand, the deep-

seated or sub-fascial tumour has frequently a flat-

tened surface, and often appears, on sujierficial

examination, insignificant and of small extent,

while in fact its mass is considerable, bur-

rowing deeply between the muscles. It is to

be distinguished from the supra-fascial tumour
by its comparative immobility, by the various

effects produced upon it by the fascia when
in a state of tension or relaxation, by the pain

produced by pressure on nerves, or impediment
to the circulation from pressure on the vessels.

In tlio removal of the sub-fascial tumour the

0|H;rator must call to mind the direction and
relative position of the muscles in the neigh-

bourhood of it, as the roots or under surfitce

of these generally follow the interspace between
the muscles, and slK thus guided to a great depth

among the vessels and nerves of the fore-arm.

Tlie same principles apply to the diagnosis

and treatment of superficial and deep-seated

abscesses. The superficial abscess is less cir-

cumscribed; the matter is diffused without

limit through the subcutaneous tissue; from

its position the absorption of the superincum-

bent tissues takes place rapidly, the skin either

giving way entirely without the aid of the

surgeon, or else pointing at some particular

spot indicates where the abscess lancet may be

employed with advantage.

'ITie sub-fascial abscess, on the contrary, pro-

ceeds slowly in many cases, and even insidiously,

bound down by the unyielding fascia ; it tells

us of its presence, in the first instance, rather

by ilie constitutional disturbance which it

rouses than any striking indications of local

mischief. These abscesses are occasionally the

consequence of inflammation commencing in

the theca of the flexor tendons, and the bur-
rowing of the matter upwards in the course of

the tendons. The septa of the fascia, which
have been described passing down between the

muscles to the bone, limit tlie passage of tlie

pus in difl'erent directions.

The fascia itself is not much subject to

disease, though it seems peculiarly disposed to

slough as a consequence of phlegmonous ery-

sipel'.i3.

Vessels.—The main arteries ofthe fore-arm are

the radial and ulnar, into which the brachial

artery divides just below the bend of the elbow.
The brachial artery at this sjiot has on its outer
side the tendon of the biceps ; on its inner

side, one of the vena; coniites, the median
nerve, and the pronator radii teres muscle.

• Behind the brachial artery is the brachial is

aiiticus muscle, and in front of it the fascial

insertion of the biceps muscle.

The radial artery, which is the smaller of

the two divisions, pursues nearly the same
direction as the brachial, and in the lower part

of the up|)er third of the fore-arm is found

exactly midway between the radial and ulnar

surfaces, overlapi)ed by the supinator radii

loiigus, and lymg upon Uie tendon of the

pronator radii teres muscle, with the radial

nerve about a quarter of an inch to its outer

side, and separated by fat and cellular mem-
brane. From this point the radial artery

descends towards the wrist-joint, and at the

lower part of the upper half of the fore-arm

quits the pronator raaii teres, and passes on to

the anterior surface of the flexor longus pollicis,

havine the flexor carpi radialis to its inner side.

A little lower down, that is, at the upper part

of the lower third, the vessel emerges from

beneath the supinator radii longus muscle, and

is covered only by the fa.scia. I n its furUier

course to the wrist-joint the flexor carpi radialis

maintains its position on the inner side, to

which the tendon of the supinator radii longus

corresponds on the outer. The radial nerve

no longer accompanies the vessel, for it has

now slid under the supinator radii longus, and

reached the posterior face of the arm. As the

radial artery just above the wrist-joint is

covered only by the fascia, and lies upon tl»e

bone, its pulsations are easily felt, and in con-

sequence of its convenient situation is generally

selected by the medical practitioner toascertaio

the general state of the circulation. We should,

however, always bear in mind the great variety

both in she and distribution to which this

vessel is liable, and take the precaution of at

least examining the radial artery in botli

arms.

The inner edge of the supinator radii muscle

is a certain guide to the situation of this artery

should the surgeon be required to secure it,

and this should always be effected by two

ligatures, as its free anastomosis below will

certainly produce secondary hemorrhage if this

precaution is neglected. As the nerve lies

on the outer side of the artery, the needle

must be passed from without inwards.

The ulnar artery has a deep course, first

passing beneath the median nerve, which se-

parates it from the pronator radii teres muscle,

next beneath the flexor digitorum sublimis,

the two last muscles separating it from the

flexor carpi radialis and palmaris longus, and
upon the flexor digitorum profundus, and when
it reaches the tendon of this muscle midway
between the wrist and elbow-joints, it comes

into contact with the ulnar nerve, by which

it is separated from the flexor carpi ulnaris

muscle on its inner side. In its further descent

to the wrist-joint it is situated between the

flexor communis digitorum sublimis and flexor

carpi ulnaris. Gradually sliding behind, the

tendon of the latter remains covered by it

for about two inches above the annular liga-

ment of the wrist, in front of which it passes

into the palm of the hand. The third branch

worthy of montion in this division of the fore-

arm is the anterior interosseal. litis vessel
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is a branch of the ulnar artery, and not unfre-

quently is of large size, though usually of a

calibre about intermediate to the two last men-
tioned. It arises from the ulnar artery where

that vessel is covered by the pronator radii

teres, and descending towards the interosseal

ligament reaches that structure a little below

the tendon of the biceps. It is accompanied

by a branch of the median nerve in its course

downwards ; lies between the interosseous liga-

ments and the external edge of the flexor com-
munis digitorum profundus ; it terminates by

dividing into two branches, of which one

passes backwards through the interosseal liga-

ment, anastomosing with the posterior inter-

osseal, and the other, a small branch , descends

over the wrist-joint into the palm of the hand,

where it ana.stomoses with the deep palmar arch.

In the posterior region of the fore-arm we
meet with only one vessel of any size ; this

is the posterior interosseal artery, a branch

from the anterior interosseal, which passes

through the interosseal ligament opposite the

tubercle of the radius; its course is not so

straight and uniform as the anterior, its distri-

buent branches are larger and more numerous,

and it may be said to ramble down between

the extensor muscles and the interosseal liga-

ment, though it does not lie so immediately in

contact with the ligament as the anterior inter-

osseal. It terminates by anastomosis with the

vessels about the wrist-joint.

Such is the usual distribution of these ves-

sels ; they are, nevertheless, subject to every

kind of variety.and theoperator previously to the

commencement of an operation ought always

carefully to examine the course of these vessels

in order to detect any anormal arrangement

either in relation to their size or distribution.

The arteries of the fore-arm are more ex-

posed to accidents from cutting instruments

than most other vessels in the body ; and the

usual plan of securing the vessel in these cases

is to apply two ligatures on the wounded
trunk, one above and the other below the orifice,

the latter being required in consequence of the

free anastomosis of the vessels in the hand.

But the fore-arm is occasionally wounded by
sharp penetrating instruments, which passing

deeply into the fleshy mass, the vessel which

has been wounded is not immediately indicated,

and the surgeon is consequently at a loss to

discoverwhich of the three main trunks requires

tlie application of a ligature.

An examination through the wound would
tend to aggravate the mischief, and besides,

the search is often attended with ditticulty, and

often unsatisfactoiy.

In such cases it will be found far more

advantageous to arrest the hemorrhage by pres-

sure on the brachial artery, at the same time

allaying the local inHammalion by due attention

to the position of the arm, and the usual

antiphlogistic remedies, a plan which I have

seen adopted with great success by Mr. Tyrrell,

at St. lliomas's Hospital.*

' Sec St. Tliomas's Hospital Reports, edited liy

John V. South, No. i. p. 25.

Tliere are some cases, however, which im-
peratively require the application of ligatMres,

as for instance, when either of these vessels is

opened by sloughing of the tissues from phleg-
monous inflammation, or from aneurism in the
fore-arm or hand. In the first of these cases,

patients have frequently been lost from the
temporary suspension of the hemorrhage by
the use of cold applications or accitlental

circumstance, and its occurring again suddenly
during the absence of the surgeon.

In the performance of the operation of tying
the radial artery the supinator radii longus
muscle affords an unerring guide throughout
the fore-arm, but the surgeon must remember
that the inner edge of this muscle is not on the
outer side of the fore-arm, but as nearly in the
centre as possible. The needle must be passed
from without inwards, in order to avoid wound-
ing the nerve.

The ulnar artery cannot be secured in the

upper third of the arm, it lies so completely
covered by most of the flexors arising from the
inner condyle ; as soon as the vessel has gtiined

its position between the flexor carpi ulnaris

and the flexor digitorum communis, it may be
easily reached, the former muscle overlapping
it, and therefore forming an excellent guide.
The needle in this operation must be passed
from within outwards, as the nerve lies to the
ulnar side of the artery.

The bones of the fore-arm are not unfre-
quently fractured, either singly or togedier, but
the radius, from its external position and strong

connection with the bones of the hand, is more
frequently fractured than the ulna. The injury

generally takes place a little above the middle
of the bone.

When both bones are fractured, the accident
is frequently occasioned by the passage of a
heavy weight over the limb, the violence ai ting

immediately on the injured portions. In child-
hood these bones are sometimes bent instead of
being broken, and as the deformity is slight,

though the effect altogether very serious, the
nature of the accident is not very readily de-
tected.

" When these bones are fractured near their

inferior extremities," says M. Boyer,* " the in-

flammatory swelling might render the diagnosis

difficult, and cause the fracture to be misUiken
for a luxation of the hand. But the two cases
may be distinguished by simply moving the

hand ; by the motion, if there be luxation with-
out fracture, the styloid processes of the radius
and ulna will not change their situation ; but
if a fracture do exist, these processes will follow

the motion ol the hand."
If the radius be fractured a little below the

head and above the tubercle, that is, through
the neck, and the annular ligament remain en-
tire, the deformity is so slight that there is great

difficulty in detecting the nature of the injury,

especially if there be much swelling anil eflTu-

• Ijcctures of Boyer upon Diseases of the Bones,
arranged by M. Uichcraud, translated by M. Far-
rell, vol. i. p. 161.
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sion. Unless tlie surgeon can distinctly feel

the head of the radius, so that he can clearly

asceiiain on rotating the lower portion with the

hand, that the upper does follow but remains

perfectly unmoved, he has no equivocal guide
as to the real nature of the injury.

If the ulna is fractured separately from the

radius, which seldom occurs, the injury gene-

rally happens to the lower third of the bone,

which is much smaller and more exposed than

the ujiper ; the accident is easily detected by
running the finger down the posterior edge of
the bone. When the radius is fractured near

its centre, the pronator quadratus muscle ob-
tains entire power over the bone, and drawing
the lower portion across towards the ulna,

causes a considerable projection in the anterior

interosseous space. If this be not corrected by
the use of a pad, as recommended a little fur-

ther on, the two bones will unite, and all mo-
tion of pronation and supination be entirely

lost.

In all tliese cases of fracture of the bones of

the fore-arm, nearly the same plan of treatment

is required, namely, 1st, two pads, increasing in

thickness from the elbow to the wrist, and not

wider in any place than the arm itself, suffi-

ciently soft to be pushed well into tlie interos-

seal spaces, applied anteriorly and posteriorly

;

a long linen roller enveloping the hand and the

whole of the fore-arm, and pressing the pads
between the two bones, so as to counteract the

action of the two pronator muscles which have
a tendency to bring them together. Splints ex-

tending from the elbow to the hand.

When the radius alone is fractured, it is ad-
visable not to support the hand, but to allow it

to hang down, and by tliis plan tlie hand acting

as a weight, will draw the lower fractured por-

tion, which has a tendency to overlap the

upper, downwards, and thus bring them into

apposition.

(Samuel Solli/.)

FORE-ARM, MUSCLES OF THE.—
When we consider how varied and complex are

the motions of the arm and hand, it is no matter

of surprize that so many as nineteen muscles
should be found composing the fleshy mass of
the fore-arm.

Tliese muscles may be classified in reference

to their action, and are briefly enumerated as

follows:

—

In the first place there is one muscle physio-
logically belonging to the upper arm, the anco-
neus; the rest are connected with the hand;
for mstance, there are three flexors of the hand

;

tie.tor carpi rudiiilis, flexor carpi ulnaris, pal-
maris timgus. Three extensors of the hand,
exienwr carpi rudialis longior, extemor carpi
radiulis lirevior, extensor carpi ulnaris. Three
long flexors of the thumb and fingers

; flexor
communis digitorum suhlimis, flexor communis
digitorum prof'umius, flexor longus proprius
poUicis. Five extensors of the thumb and
fingers, extensor ossis metacarpi poUicis, exten-
sor primi internodii, extensor secundi intemodii,
extensor communis digitorum, extensor indicis.

Two supinators, supinator radii longus, supina-

tor radii brcvis. Two pronators, proiMttir ra-

dii teres, pronator quadratus.

Ill proceeding to describe the attachments

and relations of the foregoing muscles, it will

be found convenient to examine them as they

are met with in the following regions of the

fore-arm. 1. The anterior region, which con-

tains a superficial and a deep set of muscles.

2. Tlie posterior region, which likewise has its

superficial and its deep layers of muscles.

These regions again may be conveniently sub-

divided into radial and ulnar sections, between
which a very natural line of demarcation is

observable after the skin and adipose tissue

have been removed.
Exactly on this line, and one-thiid from the

elbow and two-thirds from the wrist-joint, two
long muscles will be found in contact, the supi-

nator radii longus in the radial section, the

flexor carpi rudialis in the ulnar. Above and
below this point these muscles diverge. Hie
flexor carpi radialis, at its origin from the inter-

nal condyle, is distant, from the boundary line

referred to, at least one-third of the transverse

diameter of the arm, and the space thus left,

triangular in its figure, contains a large portion

of the pronator radii teres. The radial edge of
the pronator radii teres is in contact with the

supinator radii longus to the extent of about
an inch and a half; this muscle descending in

like manner obliquely from its origin in the

ulnar section towards the radial leaves above a
similar though small triangular space, in which
the tendon of the biceps flexor cubiti is lodged.

Below the point referred to above, between the

elbow and wrist, the flexor carpi radialis runs
in contact with and on the ulnar side of the

boundary line till within an inch and a half of
the wrist-joint, where it gradually slides into

the radial section, so that at the annular liga-

ment the tendon of the flexor carpi radialis

will be found entirely in the radial region with
its internal edge in contact with the boundary
line.

Thus it will be seen that a line drawn from
the elbow to the wrist and dividing the fore-

arm into two portions, of which the internal

or ulnar section is exactly two-thirds, while the

external or radial section is only one-third of
the transverse width, not merely forms an arti-

ficial division into radial and ulnar sections,

but also points out the exact situation of the

tendon of the biceps, the outer edge of the

pronator radii teres, and the flexor carpi radi-

alis, and in addition, as we shall presently see,

the supinator radii longus. The fleshy belly

of this muscle lies exactly parallel with this

boundary line in the upper half of the arm.

In consequence of the supinator radii longus

becoming tendinous about the middle of the

fore-arm, and the tendon being narrower in its

transverse diameter than the muscle, a space is

left at the lower part of the arm between it and
the flexor carpi radialis, and the supinator radii

longus is no longer met in contact with the

boundary line. In this space is lodged the

radial artery, lying midway between these two



366 MUSCLES OF THE FORE-ARM.
tendons, separated from the flexor longus ])oI-

licis by a deep layer of fascia, wliicli is united

to the edge of the supinator radii longus on the

onter side, and the flexor carpi uhiaris on the

inner side

Muscles in the ameriou rfgion of the
FOitE-AUM.

—

a. Superficial lui/er ii/' muscles.—
On the radial side we observe two, supinalor

radii lungus and e.tte7isor carpi rudiulis ton-

gior.

1. Supinator radii longvs, (grand supina-

teur, Cloq., bracliio-radiulis, Socmm.,) arises

by a broad, flat, fleshy origin from the rougli

ridge, on the outer side of the lower extremity

of the OS humeri, which gradually terminates in

the outer condyle; it is connected at the apex of
its origin with the deltoid : it arises likewise

from the intermuscular ligaments of the upper
arm ; passing over the elbow-joint, its surfaces,

which in the upper arm face outwards and in-

wards, are converted into anterior and posterior

in the fore-arm ; opposite the tubercle of the

radius it becomes tendinous on its under sur-

face, and the fleshy fibres on its anterior face

entirely disappear about the middle of the fore-

arm in a flat tendon, which, narrowing as it

descends, is inserted into the external edge of
the base of the radius.

This muscle at its origin has to the inner

side of it the brachialis anticus muscle and the

radial nerve and superior jjrofunda artery ; to

its outer side and posteriorly the triceps ex-
tensor cubiti ; a little lower down and just

above the elbow-joint it has the extensor carpi

radialis longior to its outer side, which maintains

a uniform relation to it in its whole course ; in

passing over the elbow-joint the tendon of the

biceps flexor cubiti separates it from the bra-

chialis anticus; below the tendon of the biceps

muscle, we meet with, first, the pronator radii

teres in apposition with its internal edge ; and,
next, the flexor carpi radialis. In contact with
its posterior face superiorly is the supinator

radii brevis ; below this muscle the tendon of
the pronator radii teres; and still lower down
the flexor longus polUcis.

The supinator radii longus, in addition to its

action as a supinator of the hand, is a flexor

of the fore-arm upon the arm.

2. Extensor carpi radialis longior, (radi-

alis cxternus longior, Socmm., humero sus-me-

tucarpien, Chauss., Dumas,) arises from the

lower extremity of the ridge above referred to,

and from the outer condyle. Advancing for-

ward it passes over the front of the elbow-
joint, and soon becoming tendinous on its an-
terior surface descends on the anterior part of

the fore-arm, partly overlapped by the tendon
of the supinator radii longus—its tendon gra-

dually seeks die posterior part of the arm, and
running through a broad shallow depression

appropriated to it and the second radial exten-

sor, finishes its course by being inserted into the

back part of the niefcicarpal bone supporting

the index finger. This muscle, as its name
implies, is an extensor of the hand, possessing

also a slight power in eflecting its abduction.

In the ulnar section of the anterior super-

ficial antibrachial region we find five mus-
cles.

1. Pronator radii teres arises tendinous,

above the elbow-joint from the intermuscular

ligament of the upper arm, from the front part

of the internal condyle of the os humeri, from

the process of fascia separating it from the flexor

carpi radialis, and from the ulna close to the

insertion of the brachialis anticus. Tliis muscle,

though tendinous at its origin, soon becomes
fleshy, and from its rounded form, which causes

a distinct projection beneath the skin at the front

and upper part of the fore-arm, derives its name.
Its fleshy fibres terminate in a tendon as it

enters the radial section, which gradually be-

comes wider as it descends, and sliding behind

the supinator radii longus and extensor carpi

radialis and in front of the radius, is inserted

into the outer and back part of that bone. The
pronator radii teres has to its outer side, supe-

riorly, the tendon of the biceps muscle; below the

tubercle of the radius it has the internal edge of

the supinator radii longus in apposition with

it, and as it slides in a spiral direction round

the radius, and behind this muscle, it has the

supinator radii brevis superior and external to

it ; to its inner side it has throughout its course

the flexor carpi radialis.

In the ulnar section the anterior surface of this

muscle is in contact with the fascia; in the

radial it is covered by the supinator radii

longus, the two radial extensors, and crossed

by the radial artery and nerve. The posterior

surface of this muscle is in contact with the

anterior ligament of the elbow-joint, the bra-

chialis anticus, the median nerve, ulnar artery,

the flexor communis digitorum sublimis and
radius. This muscle, while presenting a smooth
and tendinous face to the under surface of the

supinator longus and radial extensors, conti-

nues fleshy on its under surface to the very

point of its connexion with the radius, the

muscle beneath, whose surface is in contact

with its fleshy fibres, being clothed in a similar

manner with tendon ; this admirable contri-

vance for preventing friction is by no means
peculiar to this situation, though its utility is

frequently overlooked.

The name of this muscle indicates its action

as a pronator of the hand, and when that

eflTect has been produced, if its contractile

power be still further excited, it will flex the

fore-arm upon the upper. In case of fracture

of the radius, this power is excited injuriously

in bringing the radius across the ulna, and Urns

obliterating the interosseal space, and if not

corrected by the surgeon, causing unnatural

union of the two bones.

2. Flexor carpi radialis (M. radialis intcrnus,

Winslow, Albinus, Lieutaud, Sabatier, Soemm.

;

grand palmaire, or radial anterieur, Cloquet ;)

arises from the internal condyle of the humerus
in common with the last-mentioned muscle; at

the point where Uiese two muscles are con-

nected with the humerus there exists no na-

tural sej)aration between them. About an inch

and a half from their origin a separation is

effected by the dipping in of the fascia forming
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one of the muscular septa previously referred to.

At the lower part of the upjjer third of the fore-

arm their separation is complete. The llexor

carpi radialis first changes its muscular fibres

for tendinous on its anterior face, and a rounded
tendon is tlie result at the ujiper part of the

lower third of the arm. lliis tendon |)asses in

front of the wrist-joint and through a groove in

the OS tra|>e7.ium, is ultimately inserted into the

base of the metacarpal bone supporting the

fore-finger.

This muscle has on its outer edge, in the

superior third of the fore-arm, the pronator
radii teres, in the two inferior thirds the supi-

nator radii longus ; the palmaris longus to its

inner edge, both at its origin and throughout
its whole course in the fore-arm. Anterior to

it there is simply the fa.scia, its posterior face

is in contiict with the superficial flexor of the
fini;ers above and the long flexor of the thumb
below. The tendon of this muscle projects

distinctly through tlie skin at the lower part of
the arm.

Tlie flexor carpi radialis, besides flexing the

whole hand on the fore-arm, bends the second
row of carpal bones upon the first. It will also

act as an abductor of the hand, in consequence
of its being fixed on the outer side of the hand
in the pidley-like groove of the trapezium
through which it jjasses. It slightly assists the
pronator muscles in their influenceoverthe hand.

3. 'r\\e pulmaris longus, Socmm., epitroc/ilo-

palmnirc, C'hauss. The origin of this muscle,
which is in common with the other flexors, is

from the inner condyle, also from a tendinous
intermuscular septum which separates it from
the flexor carpi radialis on the outer side and
the flexor communis digitorum on the inner.

This muscle, the smallest of those situated in

the fore-arm, becomes tendinous midway be-

tween the elbow and wrist-joint. This tendon,
which is narrow and slender, descends to the
annular ligament, and is ultimately connected
with the palmar fascia. This fascia has some-
times been considered as a mere expansion of
tlic tendon of the palmaris longus, but as the

muscle is occasionally wanting and the fascia

never, we regard it rather as another instance

of that useful connexion of muscles with fasciae

which we have already had occasion to admire.
This muscle, except at its origin where it has
the flexor carpi radialis to its inner side and the
flexor communis to die outer, maintains a posi-
tion completely superficial to the other muscles,
its posterior face lying upon the flexor communis
sublimis.

This muscle flexes the hand, and makes
tense the palmar fascia and annular ligament,
and thus takes otf from the palmar vessels and
nerves and the tendons of the digital flexors the
pressure to which they are exposed when the
hand grasps a solid body firmly; as, for in-
stance, when ihe whole weight of the body is

sustained, as in the case of the sailor climbing
the rigging of a vessel, by the power of tlie

flexors of the fingers and hand.
4. Flexor communis digilonim sniilimis pcr-

foratm. ( Musculas ptrjortitus, Soemm., epi-

trochto-phitUtnginien commun, Chauss.) This
muscle also arises from the inner condyle in

common with the other muscles, and from a
strong tendinous septum separating it from the

flexor carpi nlnaris. About the middle of the

for(?-arm tliis portion of the muscle is joined by
muscular fibres which arise from the radius im-
mediately below the insertion of the supinator

radii brevis, and on the inner side of the pro-

nator radii teres. Between these two origins

of the flexor communis digitorum is placed the

median nerve. The tendinous fibres, into which

the muscle is gradually transformed, become
first apparent on the anterior surface, and next

being collected ultimately split into four cords,

which passing behind the annular ligament of

the wrist, enter the palm of the hand ; oppo-
sile the first phalanx of the four fingers these

cords, splitting into two jwrtions and allowing

the passage of the deep flexors, terminate by
being inserted in the rough edge on the sides

of the second phalanges. The tendons of this

muscle as well as the deep flexor are bound
down to the phalanges by smooth tendinous

sheaths or thecae which are dense and firm be-

tween the articulations, but insensibly di.sap-

pearing opposite the joint, where their presence

would interfere with the motion of tlie parts

;

they are lined by synovial membrane to prevent

unnecessary friction.

Although the lateral width of this muscle is

considerable, only a vei^ narrow edge is in

contact with the fascia, the remainder being

covered by the last-mentioned muscles, so that

some anatomists have described it as constitu-

ting a middle layer.

On the internal edge is placed the flexor

carpi ulnaris, which maintains the same relative

position to it throughout the fore-arm. In
contact with its posterior face we have the

flexor digitorum profundus, the flexor longus

pollicis, and the ulnar artery, vein, and nerve.

This muscle flexes the second phalanx on
the first, and the first on the metacarpus, and
the whole hand on the fore-arm.

5. Flexor carpi ulnaris, (muteulus ulnari$

intermit, Soemm, cubital interne. Portal, eu-

bito-curpien, Chauss.) This muscle arises from
the internal extremity of the internal condyle
of the humerus from the tendinous intermuscu-

lar septum, between it and the flexor carpi digi-

torum sublimis, and from the olecranon process

of the ulna; between these two heads the ulnar

nerve is situated ; its origin from tlie ulna is

not limited to the olecranon process, for it con-

tinues its connexion with that bone nearly as

low down as the origin of the pronator quad-
ratus. This muscle, which arises tendinous

and fleshy, merges into tendinous fibres on its

anterior surface at the upper part of the lower

third of the fore-arm. The tendon by degrees

becomes more rounded, but does not cease to

receive fleshy fibres until it terminates by be-

coming inserted into the annular ligament and

OS pisiforme.

The flexor carpi ulnaris, forming the inner

margin of the muscles of the fore-arm, is in

contact with the fascia: its external edge touches
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the flexor communis digitorum siiblimis. The
relation of this muscle to tlie ulnar artery has
induced some anatomists to denominate it

muscle satellite dc I'urtcre cubitale.

In addition to its power as a flexor of tlie

hand on the fore-arm, this muscle adducts the

hand, drawing it towards the mesial line.

b. The deep layer of muscles.—These are

three in number, the Jlexor limgius proprius

pollicis, flexor communis digitorum jiru/undiis

perforaiis, and the pronator quadratus. A por-

tion of the supinator radii brevis is also found
in it.

1. The Jlexor longus proprius pollicis,

ScEmm. ( Radio-phulungcltieii du pouce,

Chauss.) Tliis muscle, situated most exter-

nally, arises by two heads ; one, narrow, rounded,
tendinous, and fleshy, from the inner condyle
of the humerus; the other, broad and fleshy,

from the front of the radius, below the insertion

of the biceps and supinator radii brevis, and
from the interosseal ligament, extending as low
down as the insertion of the pronator quadratus.

Its tendon, first formed on its internal and
anterior edge, descends behind the annular
ligament of the wrist-joint, and taking its

course between the two heads of the flexor

brevis pollicis, is inserted into the last phalanx
of the thumb.

This muscle is covered anteriorly by the

supinator radii longus and extensor carpi radialis

longior, except at the lower part, where it is

simply covered by the deep fascia on which
the radial artery lies. To its inner side is the

flexor digitorum profundus.

This muscle is a flexor of the last phalanx
of the thumb, a powerful and important muscle
in grasping objects.

2. Flexor communis digitorum profundus
perforans. (M.perforans, ^csmm. M.cuhito-
phalangettien commun, Chauss.) arises tendi-

nous from the front of the ulna immediately
below the insertion of the brachialis anticus

into the tubercle of that bone, and from the

same as low down as the pronator quadratus ;

also from the interosseous ligament. It becomes
tendinous on its anterior fece about the middle
of the fore-arm, thus presenting a smooth and
polished surface to the muscles in front of it

:

like the superficial flexor, it forms its four

tendons, which, after traversing the palm of

the hand and ])iercing the split tendons of the

supei'ficial flexor, are ultimately inserted into

the third phalanx of each of the fingers.

This muscle has the flexor longus pollicis

to its outer side ; the flexor carpi ulnaris to its

innei ; and the flexor carpi radialis, flexor com-
munis digitorum sublimis and palmaris longus,

anterior to it.

To flex the fingers on the hand, commencing
with the flexion of the last phalanx on the

others, and the whole hand on the fore-arm,

constitutes the principal action of this muscle.

3. Pronator quadratus, Scemm. (Cubito-

radial, Chauss.) This muscle, entirely covered

by those mentioned above, presents a beauti-

ful appearance on their removal, from the ten-

dinous surface admitting by its transparency

the colour of the muscle to shine, as it were,

through it.

It arises from the ulna about an inch and a
half above the wrist-joint, occupying exactly

that extent of the surface of the bone with its

attachments : it is inserted fleshy into the lower

part of the radius.

This muscle, simple as its action appears,

that of rolling the radms over the ulna, per-

forms a most important part in those easy mo-
tions of the hand which the artist uncon-
sciously produces when he is engaged sketching

in bold and flowing lines the subject of his

picture.

To the surgeon a knowledge of the attach-

ments of this muscle is peculiarly important,

for in those cases in which the radius is frac-

tured near its lower extremity it draws the

injured bone into the field of the flexor tendons,

and by bringing it into close contact with the

ulna, produces a deformity which great care

will alone obviate.

Posterior antibrachial region.—If we now
look to the posterior part of the fore-arm, we shall

find that though it may be divided into radial

and ulnar sections like the anterior, the propor-

tions between them will be very different; forone-

fifth of the transverse diameter of the arm alone

can be correctly allotted to the radial region in

the upper part, and two-fifths close to the wrist-

joint. The line of demarcation between these

two regions is accurately formed in the dissected

arm by the radial edge of the extensor com-
munis digitorum. This muscle, like those on
the anterior surface of the arm, is wide and
muscular above, tendinous and comparatively

narrow below ; and hence we find the radial

section wider below than it is above. In the

ulnar section, we have the extensor communis
digitorum to the outer side ; in contact with
this muscle, on its ulnar side, is the extensor

carpi ulnaris. This muscle, at its origin at

the upper part of the arm, is narrow, and the

space, thus yielded as it were by its form, is

occupied by the anconeus, which forms the

boundary of this region on the ulnar side.

The space left at the lower part of the arm,
from the divergence of the tendons of the

extensor carpi ulnaris and extensor communis
digitorum, permits a view of the indicator.

The radial section contains at its upper part

solely the extensor carpi radialis brevior ; but

at the upper part of the middle of the arm, we
have sliding into it from behind the extensor

communis digitorum, the extensor ossis meta-
carpi pollicis, and extensor primi internodii

pollicis. These pursue their course obliquely

across the radial section till they reach the outer

edge of the arm. Lower down tlian these

muscles and scarcely in contact with their

inferior edges, we discover the tendon of the

extensor secundi internodii pollicis likewise

emerging from beneath the extensor communis
digitorum.

a. Superficial muscles of the posterior anti-

brachial region. — 1. Anconeus (epicondylo-
cubital, Chauss.) though usually described as

a distinct muscle, is, in reality, a continuation
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of llie triceps extensor cubiti ; the fibres of each

are perfectly continuous, and there is no line

of (lemarcation between them. An artificial

boundary may be made by drawing a line

horizontally inwards when the fore-arm is ex-

tended on the upper arm, between the outer

condyle of the os humeri and the olecranon

process of the ulna. With this view of the limit

of the upper edge of the anconeus, it may be

described as a triangular muscle, the base above

and the apex below. Tliis muscle arises ten-

dinous from the back part of the outer condyle,

its external and anterior edge continuing ten-

dinous almost to its insertion; its superior

fleshy fibres pass transversely inwards and
backwards, to \ie inserted into the fascia of the

fore-arm and also into the olecranon ; the middle
and inferior fibres pass backwards to the ulna

with various degrees of obliquity, and occupy
by their insertion about one-tliird of tlie bone
from its superior extremity.

Tliis muscle is a simple extensor of the

fore-arm.

2. Exlentor carpi ulnarit, (ulnuris exter-

nus, S<emm.; c«6i<o jiu-mefararpien, Chauss.)

arises from the back part of the outer con-

dyle between the anconeus and the extensor

communis digitorum, with which latter muscle
it is so intimately connected that, more strictly

speaking, it ought to be said to arise in a
common tendon. Connected by a narrow

origin to the humerus it gradually expands,

and about the middle of the fore-arm, a tendon

being formed in the centre, it exhibits in its

further course a well-marked specimen of the

double penniform muscle. The tendon of this

muscle, in its passage towards the wrist-joint,

runs in an especial groove appropriated for its

reception in the back part of the ulna ; it ter-

minates by being inserted in the tnetacarpal

bone supporting the little finger. The extensor

carpi ulnaris is more or less connected with the

fascia throughout the whole of the upper arm.

This muscle extends the first row of car|ial

bones on the second and the whole hand on
the fore-arm ; it is likewise an adductor of the

band.

3. Extensor communis digitorum (epicondylo

tus-phalungettien commun, Chauss. Dumas)
arises from the back part of the outer condyle
in common with the extensor carpi ulnaris on
its outer side, and the extensor carpi radialis

brevior on its inner side. The connexion of
this muscle to the os humeri is extremely

narrow in comparison with the width of die

muscle in the centre of the fore-arm. In its

ample attachment to the iascia it resembles the

flexor ulnaris, and, like it, is a penniform
muscle. We not unfrequenly find a portion

of this muscle so entirely distinct from the

rest that anatomists have occasionally described

it as a separate muscle, under the name of the

extensor proprius minimi digiti ; for being
inserted into the little finger, it possesses the

power of extending that portion of the hand.
It passes behind the posterior annular ligament
of the wrist-joint, splits into four tendons,
which, expanding on the back part of the

phalanges of the four fingers, convey the power
VOL. li.

of the muscle to each iilmlanx in an equal

degree. The tendons of this muscle in their

passage l>ehind the annular ligament of the

wrist-joint are clothed by a synovial membrane
(reflected like all other synovial membranes) so

as to form a perfect' purse or bursa. IJoth

these muscles are intimately connected upon
their under surface at the upper part of the

arm, with the ajxineurosis covering the supi-

nator radii brevis.

This muscle is an extensor of the fingers and
the hand on the fore-arm.

4. Ertensor curpi rudialit brevior, (radialit

exlemui brevior, Samm. Epicoiidylo tut-

metacarpien, Chauss. Dumas), with a small

portion of tlie extensor carpi radialis longior,

occupies the radial division of the poste-

rior superficial antibrachial region. This

muscle arises from the outer condyle by a
flattened narrow origin, in common with the

extensor communis digitorum, being overlapjied

on its outer side by the extensor caqii radialis

longior. This muscle, like most we have

described in the fore-arm, swells out towards

the centre, where, gradually becoming tendi-

nous, it again diminishes in size. It passes the

game groove in the radius as the extensor carpi

radialis longior, and terminates by an insertion

into the metacarpal bone of the middle finger.

The under surface of this muscle is tendinous

at the upper part of the arm, which permits it

to play without friction upon the smooth and
tendinous face of the supinator radii brevis

with which it is in contact.

Tliis muscle acts as an extensor of the hand
on the fore-arm and an abductor.

b. Deep muscles of the posterior antibnichial

region —The muscles in this region com-
mencing above, are the supinator radii brevis,

the extensor ossis metacarpi poUicis, the exten-

sor primi intemodii poUicis, the extensor

aecundi intemodii, and the itulientor.

1

.

Supinator radii brevis, (epicondylo-rndial,

Chauss.) arises tendinous from that portion of
the outer and back part of the ulna, unoccupied
by the insertion of the anconeus; it arises also

from tlieback part of the outer condyle, covered

at its origin from the outer condyle by the

extensor communis digitorum and by the exten-

sor carpi radialis brevior. Its posterior and
external surface is tendinous, its internal fleshy,

and it embraces so much of the upper extremity

of the radius, as to form an imperfect tube.

Anteriorly we find it partly overlapping the

tubercle of that bone, with the tendon of the

biceps which is inserted into it. Between these

and the under surface of the muscle is a large

and distinct bursa mucosa ; it covers rather

more than the upper third of the radius by its

insertion, extending as low down as the pro-

nator radii teres.

This muscle is the main agent in eflectiiig

the supination of the hand.

2. Kxterisor ossis metacarpi ptdlicis, (ab-

ductor tongus poUicis mur.us, Scrmm. cubito-

radi sus-metucurpien, Dumas,) arises from the

ulna, interosseous ligament, and the back part of

the radius, opposite the insertion of the pronator

radii teres, having to its outer side the supi-

2 B
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iiator radii brevis, to its inner llio extensor primi
internodii pollicis. It is covered posteriorly by
the extensor communis digitorum and extensor

<;npi nhiaris. Gliding downwards and out-

wards from beneath these muscles and becoming
tendinous on its under surface, it slips over the

lower third of the posterior face of the radius,

and then running in a groove on the outer side

of that bone, common to it and the next men-
tioned muscle, is nltimatcly inserted into the

metacarpal bone of the lliiunb.

The action of this muscle is to extend the

metacarpal bone of the thumb, which corre-

sponds as regards its capacity for motion, with

the phalanges of the fingers.

3. Extensor primi iiilemodii (extensor

minor pollicis mantis, Soemm.; cubito sus-

phuhmgetticn du poucc, Chauss.) is a very small

muscle compared with the last, though varying

much in size in different subjects. It lies

between tlie extensor ossis metacarpi pollicis

and the extensor secundi internodii, passing
through the same groove in the radius as the

extensor ossis metacarpi pollicis, it becomes
inserted into the first phalanx of the thumb.

4. Tlie extensor secundi internodii pollicis

(extensor majorpollicis matius, Soemm
.
; cubito

sus-phalungettien du pouce, Chauss.)—This
muscle is usually larger than the former; it

arises fieshy from the ulna and interosseous

ligament; becoming tendinous in its centre, it

presents the same penniform appearance referred

to above. The groove in the radius which is

narrow and deep, this tendon alone being

lodged in it. It is situated between that for

the two radial extensors and the broad and
hollow one for the common extensors and
indicator. Crossing on the back of the wrist

the radial extensors it is finally inserted into

•he second phalanx of the thumb. This mus-
cle is entirely covered in the fore-arm by the

common extensors of the fingers.

5. Tlte indicator (cubito sus-phulangettien

de I'indcx) occupies the remaining portion of

the posterior interosseal space. Like the three

last described muscles it is penniform, and
arises fleshy from the ulna and interosseous

ligament, it descends to the liand and ])asses

llirough the same groove at the back of the

radius as that of the extensor communis digi-

torum, it is inserted into the posterior surface

of the three phalanges of tlie index finger.

This muscle is entirely concealed by the exten-

sor carpi ulnaris and extensor commimis digi-

torum.

The names of this and the two preceding

muscles indicate their actions.

For BiDi.ioGBAPiiY, see ANATOMY, (Intro-
duction.)

(Samuel Solly.)

FOURTH PAIR OF NERVES (7icrvus

trochUaris, s. pnthcticus).—The fourth j)air is

the most slender of the encephalic nerves. They
are intermediate in the order of succession to

tlie third or motor oculi and the fifth nerves, and
. hence the name. Jutch nerve is attached at its

encc])halic extiemily to the lateral part of the

superior surface of the anterior medullary

velum or valve of Vieussens, immediately behind
the testes or the posterior of the tubercula

quadrigemina. It is divided at its attachment,

for the most part, into two roots, inserted at a

little distance from each other, one close to the

testes, the other [msterior to it. Occasionally it

has but one root and sometimes even three.

Gall and Spurzheim* are of opinion that the

nerve might be traced to a more remote point,

and according to Mayof " its fibrils appear to

pass through the filaments of the pillar of the

valve, and in part to arise from the back part

of the medulla oblongata."

Tlie nerve is concealed at its insertion by the

superior vermiform process of the cerebellum,

and it is not immediately provided with neu-

rilemma, and hence, as also because of its

delicacy, it is very easily broken off.

Its coui-se within the cranium is circuitous

and long, longer than that of the other nerves.

It passes outward, downward, and forward

:

it first descends external to the superior peduncle

of the cerebellum (the processus a cerebello ad
testes), between it and the vermiform process,

then becomes invested with arachnoid mem-
brane and free, and runs round the lateral part

of the crus cerebri, above the superior margin

of the pons Varolii, and beneath the free edge

of the tentorium cerebelli, until it reaches the

posterior clinoid process of the sphenoid bone;

it then enters the outer wall of the cavernous

sinus between the points of attachment of the

tentorium, and is transmitted through a canal

in the dura mater, by which the wall is formed,

forward to the foramen lacerum of the orbit.

It does not enter the sinus, being contained in

a canal in its outer wall.

At the posterior part of the sinus the nerve

is situate beneath the third, between it and the

first division of the fifth nerve; but at the

anterior, and as they are about to pass into the

orbit, the fourth and frontal branch of the fifth

are both above Uie third, the fourth internal

and a little superior to the frontal.

The nerve lastly enters the orbit through the

superior part of the foramen lacerum in com-
pany with the frontal, above the levator palpebrte

muscle, and immediately beneath the roof of

the region. Having entered, it runs forward

and inward, gains the surface of the superior

oblique muscle, and attaching itself to it upon
its superior aspect, about its middle, it divides

into filaments, which are all distributed to the

muscle.

The fourth nerve does not give off any branch

during its course to the oblique muscle, unless,

at times, first a filament described by Cruveilhier,

and, according to him,d istributed to the tentorium

ceret)elli. This filament arises from the nerve

while traversing die wall of the cavernous sinus,

runs backward into the substance of the ten-

torium, and divides into two or three branches:

Cruveilhier calls it " the branch of the tento-

rium." Secondly, according to bodi Swan and

Cruveilhier, the fourth nerve gives off a fila-

• Anatomic \\n Systcinc norvcux.

t Physiology.
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nieut to the lachrymal branch of the fifth.

Itefore its entrance into the orbit the nerve

receives a filament from the sympathetic,* and
at or immedir.tely after entering, it receives one
also from the frontal branch of the fifth, by the

accession of which it is sensibly increased in

size. It is very closely connected to the frontal

itself at the back of the orbit.

Vpoa the fourth nerve the power of the

su])erior oblique muscle is considered to depend.
It is remarkable that this muscle should be
provided with an especial nerve, differing,

apparently, so much in its cnccplialic relations

from those by which the others are supplied

;

but the theories which have been advanced
upon the subject are as yet so unsubstantial,

tliat we tliink it better to leave them untouched.
(See Uruit, muscles of the).

The nerve exists with similar relations in all

the vertebrata.

For tbe BiBLloGBAPHY, Mc Nerve.
(B. Akock.)

GANGLION, (Gr. yaryXjo.; Germ. Nerven
Knolen.)—This term is applied to several dis-

tinct structures : to the nodules placed on cer-

tain nerves, to the lymphatic glands or gan-
glions, to certain bodies, as the thyroid, the
thymus, &c., which have been called by some
anatomists vascular ganglions, and lastly, in

surgical language, to the enlargement of the
synovial bursa;. It is, however, most gene-
rally apMicd to the ganglions of the nerves

;

but of late years many anatomists, who con-
ceive that the various masses of grey matter
met with in the encephalon and spinal chord
are, together with the ganglia of the nenes,
sourx:es of nervous power, have extended to

those masses the general term of ganglion.
Although there can be no doubt that the
analogy has a real foundation, and that this

application of the word is both convenient and
correct, it is nevertlieless proposed, in obe-
dience to custom, to retain the old and more
limited sense of the term ganglion, and to
devote the present article to the structure of
the ganglions of the spinal and sympathetic
nerves, referring the reader for an account of
the functions of these bodies to the articles

Nervous System and Stmpathetic Nerve.
The nervous ganglions consist of a number

of oval or roundish organs connected with
certain nerves, and placed deeply in the trunk
of the body, to which they are confined, being
situated, with the exception of those of the
head, in the immediate vicinity of the vertebral
column. Their number and size are subject to
variation, not only in different persons, but even
on the two sides of the same individual ; the
following is the enumeration which approaches
nearest to the truth : thirty on each side of
the body, placed on the posterior roots of the
spinal nerves ; one on each side, situated on
the larger origin of the fifth pair; tl)e ganalions
of (he great sympathetic consisting of the fol low-
ing, connected on each side of the body with what

• Se« P«uli ia Miiller't Archiv. for 1834.

is regarded as the trunk of this nerve, vii. tlux-c

cervical, twelve dorsal, three to four or five

lumbar, three to five sacral ; to these we must
add some large masses placed near the mesial

plane, viz. two semilunar, three or four ccellac

ganglions, and one cardiac ganglion, first de-

scribed by Wrisberg, but which is occasionally

deficient; and lastly, forming a part of the great

sympathetic, the ophthalmic, the spheno-|x»la-

tine, the otic, and the submaxillary ganglions,

and a small body usually met with in the caver

nous sinus, the cavernous ganglion. M. Hip.

Cloquet has described in rather vague terms a

small reddish mass placed in tJie anterior

palatine canal, which he calls the nato-palutine

ganglion ; but Arnold, Cruveilhier, and others

deny, and with good reason, the existence of

this body. A gangliform enlargement is con-

stantly seen on the commencement of the ner-

vus vagus, and a second lower down ; a

similar swelling is also placed on the glosso-

pharyngeal nerve (g. petrosum).

Professor Miiller of Berlin has discovered

above this enlargement a true ganglioH on the

the glosto-phaiyngeal (ganglion jugulare nervi

glosso-pharyngei), occupying half or two-thirds

of the trunk of the nervt, and being precisely

to that nerve what the intervertebral ganglion

and the Gasserian are to the spinal nerves and
the fifth pair. My colleague Mr. Walker has

shown me this ganglion, which is placed in the

upper part of the foramen lacerum basis cianii

posterius, and corresponds to the above descrip-

tion.*

Arnold has further noticed that at the junc-
tion of the superior twig of the Vidian nerve,

or nervus innominatus, with the facial nerve,

there is a gangliform swelling.f

Mayer has discovered a minute posterior

root of the sublingual nerve, with a ganglion

on it, in some mammalia (ox, dog, pig), and
in one iiutance iti man.
Thus the total number of ganglions in the

human body amounts to about one hundred
and twenty-seven, exclusive of the gangliform
enlargements on the pneumo-gastric, glosso-

pharyngeal, and the facial nerves.

These bodies have been variously arranged
by writers on this subject ; thus by WeberJ
they are divided into ganglions of reinforce-

ment, such as those on the spinal nerves, and
into ganglions of origin, of which those of the

sympathetic, the ophthalmic, and the spheno-
palatine are examples; whilst Wutzer,§ classing

them according to their situation and relations,

considers that there are three orders, 1. the

cerebral ; 2. the spinal ; 3. the vegetative

:

the first comprises tne Gasserian ganglion, the

ophthalmic, and the ganglion of Meckel, to

which must be added the otic ganglion of Ar-

* This very iatcrcsting discovery confirms the
opinion that the glosso-pharyngeal is, like the spi-

nal and the fifth, a compound nerve of motion and
sensation. See Mcdizinische Vereins-Zeitung.
Berlin, 1833.

t Icones Nerr. Corp. p. 2. tab. ii. and vii,

t Anat. Com;>ur. nervi synipath.

^ De Corp. hum. ganglior. f<brica atquc usu,
p. 52.
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nold ; in the second order arc enurasniteJ the
thirtjf spinal ganglions and the ganglionic en-

largement of the nervus v,ij.us and glosso-pha-

ryngeus; in tlie third division are included the

ganglions of the sympathetic nerve.

The former of tliese arrangements is objec-

tionable, because offices are assigned to the

ganglions the existence of which has not been
ascertained ; and the latter is so far erroneous

that in this classification the ganglion of the

lifih pair is separated from the spinal, to which
it is undoubtedly similar; whilst the ophthalmic
and splieno-palatine are as incorrectly divided
from the system of the sympathetic*

In endeavouring to detect that which con-
stitutes the essential difference among these

numerous bodies, we ought to pay special

attention to the character of the nerves which
are attached to the ganglions. Taking this as

the only rational guide, I should refer them to

two classes. 1. Those which are placed on
sentient nerves, comprising the Gasserian, the

ganglion of the glosso-pharyngeus, and the

s|>iiial ganglions The gangliform enlargement
of the nervus vagus should be referred to this

order, inasmuch as there can be little doubt,

although this at present is not proved, that this

nerve is compounded, like the spinal nerves, of
motor and sentient fibrils, a surmise supported
by the distribution of the vagus, and still more
by the interesting discovery of my friend

Mr. Solly, of the existence of certain motor
fibrils in the exact part of the medulla oblon-

gata, whence this nerve arises.f

2. Those which have connected with them
both motor and sentient nerves, and are, as I

believe, always in relation with contractile and
sensitive structures : | those, namely, of the

great sympathetic nerve, comprising the cer-

vical, the dorsal, lumbar, and sacral, together

with the cardiac, the semilunar and cceliac,

also the ophthalmic, the spheno-palatine, the

otic, submaxillary, and cavernous.

These classes nearly correspond with the

• The following is the classification of Miilltr :

1. Ganglia of the posterior roots of the spinal

nerves, of the larger portion of the nervus trige-

minus, of the nervus vagus, and ganglion jugularc
nervi glo>so-pbaryngei. 2. Ganglia of the great
sympathetic. 3. Ganglia which occar al the points

of junction of the ccrebro-spknal nerves with the

branches of the sympathetic, comprising ganglion

petrosum nt;rvi gloaso-pharyngei, intumescentia

gangliformis nervi facialis, ganglion spheno-pala..

tinuin, ciliare, oticum (probably). To which should
be added ganglion submaxillarc. Handbuch der

Physiol, der MeuschcQ. Erster Hand. p. 588.

t According to the present opinion, the whole of

the fibres belonging to the nervus vagus enter into

the ganglion , and Bischoff imagines that this nerve

derives its motor portion from the spinal accessory.

The intimate relations between these two nerves

require further investigation.

} It cannot be too often repeated that sensibility,

or, to speak more correctly, the capability of being

excited by the contact of a physical agent, may
exist without being accompanied wiih conscious-

ness : the inner surface of the heart, of the blood-

vessels, and intestine are as capable of being ex-

cited as the skin or the retina ; hut the impressions

which they receive are not usuaUy perceived by the

mind.

simple and compound ganglions of Scarpa* and
Meckel.t

There are occasionally found ganglia on
other nerves ; thus, Mr. Swan | has noticed one
on the posterior spinal nerve, where it is

placed under the extensor tendons of the

wrist. My friend Mr. Pilcher has also found
ill two subjects a gangliforra enlargement on
the internal nasal nerve, where it is lodged on
the sethmoidal bone.

It is necessary to remark that although the

ganglia of the first class are placed on certain

of those nerves which are commonly regarded

as being subordinate simply to sensation, yet

the highly important observations of Dr. M.
Hall,§ which have, I conceive, opened an en-

tirely new field in physiology, render it doubt-

ful that those bodies are essential to the exer-

cise of sensation.

Organization.—Although the cerebro-spinal

and sympathetic ganglia present some impor-

tant peculiarities when contrasted with each

other, particularly as regards the proportions

of the grey and fibrous substances, still as

both classes possess essentially the same struc-

ture, they may with propriety be considered in

a collective manner.
Every ganglion contains two totally distinct

substances which liave a close relation to, and
are, I believe, identical with the grey and
fibrous matters, constituting the encephalon

and other parts of the nervous system. It is

true that the appearance of these bodies is in

many respects dissimilar to that of the brain ;

but at length it is universally admitted that

differences in mere physical properties are

unimportant, and do not constitute any test as

to the essential structure of an organ. In the

present instance the diversity may very readily

be understood when the difference of situation

is considered. The cerebral organ is enclosed

iu a cavity, Uie cranium, formed of some of

the stroogest bones of the skeleton, and hence,

being effectually defended from the effects of

motion and external pressure, all its parts are

soft and delicate; whilst the ganglia, placed

on bones which move on each other, slightly it

is true, are exposed to external compression,

and consequently a mud) firmer texture is

required. It is for this reason that these

bodies are invested in a dense fibrous capsule,

which is to them what the cranium is to the

encephalon, and which furnishes in addition a

number of internal processes surrounding each

fibril, and sustaining the spherical masses

of grey matter. Tlie difficulty of detecting

the intimate texture is by these means greatly

increased ; but as it is so similar to that of the

cerebrum, it is desirable to examine the con-

stituent parts according to the order observed

in investigating that organ.

I. Reddish grey matter.—The quantity of

this substance, often called the peculiar matter

of the ganglions, but which, as I have stated,

• Anat. Anaotat. liber primus. De nerv. gang,

et plex. p. 9.

t Man. d'Anat. t. i. p. 231.

J On the^ Nerves, pi. xxii. fig. 3,

§ Lcct, oa the Nerv. Sys. 183(j.
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is poswissed by those bodies iii common with
the brain and spiriul chord, is very considerable,

constituting apparently the largest, and cer-

tainly the most essential part of the panirlion.

It is so intimately connected with the fibres

that these latter ap|)ear as if they were incnisted,

being surrounded in every direction by this

^yish matter; but although this intimate

intermixture is very evident, no fibrils can be
perceived actually terminating in or arising

from the grey matter. A section of one of the

sympathetic ganglia, the first cervical for ex-

ample, displays this incrustation of the fibres

ana the interposition between them of rounded
masses of the grey matter ; but the Gasserian

is in many respects the most favourable for ex-

amination.

Much difference of opinion exists concerning

the true nature of this substance. Scarpa con-

tends that it is not analogous with the grey matter

of tlie brain, but that it consists of a tlocculent

tissue loaded with a mucilaginous fluid, which
becomes oily in obesity, and watery and abun-
dant in anasarcii. Hie accumulation of f.it in

the true ganglionic tissue has, however, been

denied by Ik'-elard, Wutzer, and others. Ac-
cording to Bichat, whose opinions must always

command our respect, " the ganglions have a
colour very different from that of the nerves.

They present a soft spongy tissue, somewhat
similar to the lymphatic glands, but which has

nothing in common either with the cerebral

substance or with tliat of the nerves." It is

slated by Lobslein, who has published one of
the latest and most minute accounts of lh«

structure and diseases of the sympathetic

nerve,* that he has obser\'ed lying contiguous

to the white and filamentous tissue another

substance presenting a flocculent appearance,

with globules interspersed (maleries vel sub-

stunlia orbicularis tomentosa), and which he
regards as the second material of the ganglia.

Semilunar gan^Uun, twice the natural time.

a, a, FaicicaU of npUnchnic nerve.
b, b. Fibres running through the ganglion.

c, c, Branches collected from the former, and
emerging.

This juicy or gelatinous substance, which is

met with in the spinal as well as in the sympa-
thetic ganglia, does not, however, according

to Lobstein, appear to be an essential part of

the organization, as it varies in its proportion

in different ganglia, and may even be absent

;

nor, it is said, can it be assimilated with the

grey matter of the brain.

Ehrenberg also controverts the opinion that

the ganglia resemble the grey part of the brain

;

but although he has fount! by microscopical

inspection, that these bodies contain an ovcr-

d, d, Flocculent or orbicular substance placed be-

tween and applied to fibres.

e, e, Foramina perforating the ganglion.

whelming proportion of large varicose tubes,

similar to those of the fibrous portion of the

brain, yet he has also shewn that they possess

minute varicose fibres like those of the grey

substance ; and what particularly is deserving

of notice, he has detected in the muscles of

the fibres granules similar to those which are

found in the cervical portion of the brain.f

* Dc Nervi Sympath. Humani, fabrica, usu, et

morbis. p. 66.

t Structur dps Seelcnorcans bci Menschen und
Thieren, Berlin, 1836, p. 31.
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Notwillistaiiding these and oUier high au-
tliorities, the resouiches of many recent writers,

which have thrown so miicli new and valuable

light on the mutual relations of the component
))arts of the nervous system, leave little room
for doubting the identity of these two sub-
stances. The analogy of the whole nervous

system tends to prove that this peculiar matter

is nothing else than the grey substance ; in the

Gasserian ganglion, indeed, the resemblance is

so striking that no doubt of their identity can

be entertanied. This view of the subject was
taken by Winslow, Johnstone, and others

;

and lately the existence of grey matter has

been admitted by Dr. Fletcher, an assumption,

indeed, which is the basis of his hypothesis,

Uiat the ganglionic system of nerves is the im-
mediate seat of irritability.*

. II. Fibres.—This is a most important branch

of the present inquiry, because a knowledge
of the connexions of these bodies with theoUier

parts of the nervous system and with each

other, as well as of the internal disposition of

(heir fibres, is indispensable to the investigation

of their functions. The subject may be re-

solved into two questions, a. What is the

vrrungement of the fibres in the ganglia ?

b. What is the nature of the fibres which are

connected with the ganglia ?

a. The internal disposition of the nervous
filaments, owing to the very intimate relations

subsisting between them and the grey matter,

is difficult to determine; and hence it has

happened that great dift'erence of opinion pre-

vails on this point. I shall in the first place

describe tlie arrangement in the most simple

of these organs, and for that purpose shall

select that of the portio major of the fifth pair.

On insjiection it is seen that the large coarse

fibrils of the nerve on approaching the ganglion

begin to spread out from each other, and although

in its interior they are, as we have already

observed, encrusted by the grey matter, yet,

on scraping this away, the fibres may be seen

still passing on uninterruptedly, but becoming
more and more separated from each other.

It is this disposition which Scarpa has aptly

enough compared to a rope tlie two ends of

which remain twisted, whilst in the middle
the component threads are unfolded and pulled

asunder. A similar, but less distinct arrange-

ment exists in the spinal ganglia.

Although the continuity of the fibres through

the ganglion is easily demonstrated, yet it

would be wrong to conclude that this passage

is all that happens ; for in the first place the

three branches of the trigeminal nerve which

emerge from, are decidedly larger than the

trunk of the same nerve which passes into

the ganglion. Tlreir physical qualities are also

altered, especially as relates to their colour,

which, instead of having the whitish aspect

common to the proper fibres of the cerebro-

spinal axis, is for some distance of die reddish

hue proper to the ganglionic system ; and
again it would be in opposition to all our

notions of the properties of the grey matter

to imagine that the fibres do not maintain

intimate connexions with that substance, by
which means its iiiHuence, whatever it may be,

is communicated to those threads.

In the sympathetic ganglions the internal

formation is much more intricate ; and it is

especially in reference to these bodies that so

much diversity of opinion prevails among
anatomists. Tlie researches of Monro,* Scariiajt

and I.obstein,J as well as ocular inspection,

prove that some fibres undoubtedly piiss without

interruption through the ganglion.

On making a section of the first cervical

ganglion, ])reviously hardened by alcohol,

fibres will be perceived, which, although se-

liarated from each other by irregular interstices

filled with grey matter, are stdl continued

uninterruptedly from one to the other ex-

tremity. There are, however, besides these,

other fibres, which are so complex that it is

almost impossible to demonstrate their exact

dis|X)sition. 1 believe, however, that, inde-

pendently of those fibrils which run through

the ganglion, there are some which terminate

in, and others which arise from the grey matter

in its interior.

Rudiments of P!r t>I. St. ii. p. 87.

Superior cervical ganglion of the great intercottal

nerve of the right side,

a, Trunk of the great intercostal nerve a little

below the foramen caroticum. h. Trunk of the

nerve below the superior cervical ganglion.

c, c, c, c. The branches whicli from the three

superior cervico-spinal nerves run to join the su-

perior cervical ganglion of the great intercostal

nerve, d, rf, dp Nerves issuing from the superior

cervical ganglion, e, Nervous nbriform stratum of

the ganglion, f, Reticulated plexus produced by
the mingling of the nervous fibres, g. Reticulated

or plexiform nervous filaments. A, Nervous
filaments variously mingled with others connected
with the neighbouring cerebral and spinal nerves.

i, The nervous filaments of which the trunk of

the intercostal nerve below the superior cervical

ganglion is composed.

* (>bs. on Nerv. Sys. p. 54.

t L. c. p. 14, T.ib. 1. fig. 1,2,3,4,
t L. c. 'Vdh. tcrtia.
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b. What in the niiture of the Jiltiet which
are cuiinccteil with the gungtia ! llie very

interesting inquiries of Brown, IJarwa!!, Teale,
Stanley, and others into the nature of those

frequent afl'ections now generally known undt-r

llie term of neuralgic diseases, by which a
new and unexi)ected light has been thrown
on a most obscure branch of pathology,
render this part of the present investigation

of pre-eminent importance. Tlie mutual in-

fluence exerted by tlie cerebro-spinal axis

and the great sympathetic on each other,

in consequence of which disease of the brain
and spinal chord may cause morbid actions

and conditions of tlie organs of digestion,

circulation, and secretion, and vice versa, can
only be experienced by a reference to the

relations which exist between these two great

divisions of the nervous system. Unfortu-
nately, however, this question, so important
both as regards physiology and pathology, is

not easily resolved on account of the difficulty

ill tlie present state of our knowledge of dis-

tinguishing from e-ach other the different species

of fibres which enter into these organs. I

shall in the first iilace speak of the fibres

which are perceptible to the naked eye, and
afterwards point out tlie information that has
been aflbrded by microscopical examination.

Tlie intervertebral ganglia (and these ob-
servations may be applied to those of the

fifth pair, of the glosso-pharyngeal, and of
the i)neu mo-gastric) receive fibres only from
the posterior roots of the spinal nerves, which,
since the researches of Bell, Magendie, and
Mayo, have been regarded as being subordinate

to sensation. But if the important principles

announced by Dr. M. Hall oe susceptible, as

I believe they are, of that confirmation from
anatomical examination of which at present

they stand in need, then to the true sensiferous

fibrils which enter these ganglia we must add
what are called by Dr. Hall incident filaments.

It is also a question which yet remains toi

be decided, whether the twigs that are known
to run between the posterior roots of the spinal

nerves and the sympathetic ganglions pass in

reality from the former to the latter or from
the latter to the former; if, as appears most
probable, these threads are furnished by the]

syra)>athetic, then it is to be presumed they

are subsequently continued to the intervertebral

ganulions.

With respect to the sympathetic ganglions,

the following are the only facts that are at this^

time established.

1. There are longitudinal commissural fila-

ments by which the ganglia are joined to each
other, and by which they are formed, however
remote tliey may be from one another, into

one great and extensive system.

2. There are fibrils which extend between
the motiferous part of the cerebro-spinal axis

And the syinpatl.etic, but whether they are

derived from tlie former or the latter is not de-
cided.

3. Tliere are seirtient fibrils observing a
similar disposition.

As llic anatomical facts by which tliesc facts

are estiiblishtxl will be found under tlie head
Sympathetic Nerve, only a few remarks are

required in this place.

1. With respect to the longitudinal com-
missural fibres, they are as nece?»ary here as

in other parts of the nervous system ; and
allhuugh Bicliat speaks of this connexion of
the ganglions being ot'casionally absent, such

deficiencies are extremely rare, and if they

do really exist, must be regarded as an al)-

normal state. The importance of this con-

nexion is rendered apparent by the union of

the several nodules placed on the trunk of the

sympathetic, which is so constant that anato-

mists were for a long time so far misled by
it as to compare this g-angliated cord with the

common nerves of the body ; but it is perhaps

still more striking in the commissural fibres,

which are so invariably noticed passing from

the sympathetic to the small ganglia of the

head.

2 and 3. In consequence of the motor and
sentient nerves of the head usually forming

distinct trunks, the ophthalmic ganglion offers

a natural analysis, as it were, of the connexion
between the great sympathetic and the cerebro*

spinal axis. One twig passes between this

small body and the nasal nerve of the fifth pair

(sentient); a second extends between it and
the lower division of the third pair (motor).

The dissections of Arnold prove that a similar

connexion exists in the spheno-palatine, the

otic, and the submaxillary ganglia.* Mayo
has also asccrUiined that the branches placed

between the ganglia of the great sympathetic

and the com|)Ound nerves of the spine are

of a twofold character, one set being attached

to the sentient and the other to the motor root.

The adjoining figure (fig. 172), copied from a
dissection I made for this purpose, shows the

mode of communication in the thorax.

Tig. 172.

a. Anterior root. c, Diito. b. Posterior root

entering the i;anglion. d. Sympathetic ganglion,

e. Filament of communication to posterior root.

/, Filament of communication to anterior root.

* These connexions are very beautifully repre-

seoteit iu his work. Iconcs Ncrv Capit. Tab. o. 6,
7. and 8. On some points relative to the otic

ganglion it has been proved by the dissections of
Schlemm that Arnold was in error, especially aa
relates to the branch supposed to l>e fuiuisbcd from
the ganglion to the tarsor tyinpani.
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Notwilhstanding so many important points

fiave been established, it must be confessed

that much remains to be decided. TIuis, for

example, we perceive that the ganglion of
Meckel, like the ganglions of the sympathetic

in the neck, has connected with it a motor
fibril ; but this fibril, as Arnold has observed,

presents the whitish character and firm texture

common to the cerebro-spinal nerves, and
therefore, it must be presumed, passes from
the portio dura to the ganglion, whilst the

twigs uniting the cervical nerves and the

sympathetic are reddish and soft, rendering

it probable, as Fletcher supposes, that they

are furnished by the ganglia.

Such being the imperfect results of ocular

inspection, we are naturally anxious to obtain

more exact information, especially in reference

to the character of the different orders of fibres

which are connected with the ganglia. The
microscopical observations which are being car-

ried on at this time with so much zeal in Ger-
many, and from the prosecution of which the

most valuable evidence may be anticipated

respecting the undecided points of minute
anatomy, have already thrown some light on this

interesting question. Thus l^hrenberg* has de-

tected in the sympathetic not only the varicose

fibres which some imagine are proper to that

system, but also some of the cylindrical fibres of

which the cerebro-spinal nerves are principally

composed. According to Lauth and Remark,
the nerves of organic life (i.e. of the sympa-
thetic) consist for the most part of varicose

fibres mixed up with a small proportion of

cylindrical ; whilst those of animal life consist

principally of cylindrical mingled with a few
varicose fibres. This is the exact appearance
which must have been anticipated, if the mu-
tual interchange of fibres described by Bichat,f

W. Philip,! Mayo,§ Fletcher,|| and others,

really exist.

It may here be remarked that although the

accuracy of Ehrenberg's researches, confirmed

as they have been by Miiller, Purkinje, V'alen-

tin and others, is called in question by Krause,

Berres, and Treviranus, yet the essential fact

of there being a decided difference in the phy-
sical character of different orders of nervous

fibres, and, consequently, a test for their suc-

cessful analysis, is universally admitted.^

Lastly, it is a question of great interest whether

there are not, independently of the relations

which exist between the sympathetic and the

cerebro-spinal axis, fibres proper to the former,

• L. c. p. 31.

t An. Gen. i. p. 220. " The ganglions (of the

sympathetic) like thebraiD_/urnwA and retxiee their

particular nerves."

X On Vital Functions, and Giilstonian I<ect.

£ Out. of Phy. 4ih edit. p. 259.

£ Rud. of Phy. part ii. a. p. 76.

% Since the above was written I have learnt that

the doubts expressed by Treviranus, Arnold, and
others, as to the correctness of the views of Ebren-

berg, have been confirmed. Professor Miiller

attributes the appearance of the varicose fibres to

artificial causes ; and it is said that Ehrenberg
himself doubts if such fibres exist in the normal
condition.

which establish between them and tlie organs

they supply with nerves most important con-

nexions. Our present knowledge does not

afford the means of solving this question ; and,

although my attention has been particularly

directed to this subject, still, as my observa-

tions are as yet incomplete, I shall satisfy

myself by expressing my conviction that such

a system of nervous fibres docs exist.

Covering.—Every ganglion possesses two
coverings: the outer one in the spinal ganglions

is very firm, being derived from the vertebral

dura mater, whilst in the sympathetic gan-

glions it is composed of condensed cellular

tissue. On raising very carefully the external

capsule, a more delicate tunic is exposed,

which adheres to the proper ganglionic tissue.

Bloddvessets.-—These bodies, like all other

parts of the nervous system, are amply sup-
plied with arterial blood. After a successful

injection, two, three, or more arteries, derived

from the neighbouring vessels, may be readily

observed running to the ganglion. Each vessel,

having perforated the coverings of the ganglion,

forms according to VVutzer a plexus on the inner

surface of the capsule, and at length sends de-

licate branches into the pulpy matter, which,

with the aid of the microscope, may be ob-
served to run in the same direction with the

nervous filaments. The exact mode in which
these vessels terminate is unknown, but it is

probable, as in the cerebro-spinal system, that

each nervous fibre is accompanied by a mi-
nute artery and vein. No lymphatics have
been demonstrated, but analogy tends to prove

their existence, and Lobstein stiites that he
has often seen them forming networks around
the ganglions.

Chemkul composition.—The experiments

performed by Bichat* and Wutzerf would tend

to show that the substance of the ganglions is

distinct in its qualities from the cerebral matter

and also from that of the nerves. By boiling, it

is at first hardened, but soon becomes softened

;

maceration in cold water renders it more soft

and pulpy, and if sufficiently prolonged, the

water being frequently changed, it is converted

into adipocire. It is liquefied by the alkalies,

and is rendered crisp and hard by the acids

and alcohol.

BlBl.lOGRAniV. — Haase, Dc gangliis nervor.

ScarjMt Anat. Annot. Liber i. de nerv. gang, et

plexibus. Monro, Obs. on nerv. system. Soem-
mering, De Corp. hum. fabric, t. iv. BicTiat, Anat.
gen. Wutxer, De corp. hum. ganglior. fabrica

atqiie usu. This work contains an elaborate list

of the various authors who have treated of the
ganglions, and an epitome of their opinions.
Lobstein, De nervi sympath. humani, fabrica, usu
et morbis. F. Artwtd, Kopfthiel dcs Vegetativen
ncrvensystem, beim Menschen. J. MiiUer, Hand*
buch der Physiol, des Menschen, 1834. C. J, Eh-
reriberg, Structur des Seelenorgans bei Menschen
und I'hieren. Berlin, 1836 ; Anat. der Microsko-
pischen Gebilde der Menschlichen Kbrpers. Wien.
1836.

(R. D. Grainger.)

• Anat. Gen. t. i. p. 226.

+ De Corp. Hum. Gang. Fabrica atque Usu.

§ 55. The reader will find in this work many de-

tails relative to the above subject.
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GASTEROPODA, {yeiffrrif, venter, irovf,

pet ; Enj;. Uusteropodi ; I'r. Gustiropudes

;

Germ. Buuc/ifusser ; MtiUusca Repentia,
Poll.)

Definition.—An extensive class of the Mol-
luscous division of the animal kingdom dis-

tinguished by the structure and position of their

locomotive apparatus, which consists of a mus-
cular disc attached to the ventral surface of the
body, serving either as an instrument by means
of which the animal can crawl, or in rarer

instances compressed into a muscular mem-
brane useful in swimming.

Characters <>f the class.— Body soft, enclosed
in a muscular covering, Tthich, from its contrac-

tility in every direction, produces great variety

in the external form of the animal : the back is

covered with a mantle of greater or les-s extent,

which in most of the genera secretes a shell

either enclosed within its substance, or, as is

more frequently the case, external and suffi-

ciently large to conceal and protect the whole
body, in which case it is often provided with
an operculum capable of closing its orifice

when the animal is lodged within it. The head
is anterior, distinct, and generally furnished

with two, four, or six tentacles, which are

placed above the oral aperture, and merely
serve as instruments of touch. The eyes are

two in number, and are placed sometimes on
the head itself, but more generally at tlie base,

at the side or at the extremity of the tentacles

;

they are always very small, and not unfre-

qucntly wanting. The muscular disc which is

subservient to locomotion is called the ./oo^,

and is generally broad and fleshy, forming a
powerful sucker, bnt in some instances it takes

the shape of a deep furrow, or is compressed
•into a vertical lamella. The respiratory appa-
fratus varies in structure ; in some genera it is

omposed of vascular ramifications which line

I cavity into which the respired medium is

(freely admitted. Others are provided with
branchiae, adapted to the respiration of water,
variously disposed upon the exterior of the
body, or concealed internally. The heart
generally consists of an auricle and ventricle,

and is systemic, or, in other words, receives

the blood from the organs of respiration, and
propels it through the body. The sexual
organs vary in their structure in different

orders ; in the greater number each individual
is possessed both of an ovigerous and impreg-
nating apparatus, but copulation is essentia! to
fecundity: in many the sexes are distinct,

and some are hermaphrodite and self-impreg-
nating. Some species are terrestrial and others
aquatic.

In separating the Gasteropoda into orders, the
naturalist finds in the position and structure
of the branchial apparatus a character suffi-

ciently obvious ; and as the arrangement of
these organs is modified by the circumstances
of each individual, and is generally in relation
with the peculiarities met with in the internal
organization of the animal, tlie branchia; are at
present universally referred to as aftbrding a
convenient basis of classification. We shall
in this article follow the arrangement adopted

VOL. II.

by Ferussac, of which, as well as of the

systems of other zoologists, an outline is con-
tained in the following table.

Order I. NUniBRANCIlIATA* (Cuv.)

S>/n. Polybrunchiata,\ and genus Doris,

Blamville ; Gastcropodes Dermobrnnchcs,l Du-
meril ; Gastcropodes Tritoniens, Lamarck.

In these the branchiae are symmetrical, as-

suming a variety of forms, but always placed

upon some part of the back, where they arc

unprotected by any covering ; the animals may
be provided with a shell or naked, but they

are all hermaphrodite with mutual copulation,

and marine.

1st Sub-order, Anlhobranchiata,^ Goldfuss;

Cyelobranchiata,\\ Blainville.

1st Fam. Doris.

2d Sub-order, Polyhranchiata, Blainville.

2d Fam. Tritonia, Jig. 173.

3d Fam. Glaucus, fg. 174.

Fig. 173.

Order II. INFEROBRANCHIATA,
(Cuv. and Blain.)

Syn. Gdst. DermobraTtcheSfDumetil; Cast.

Phyltidicns, Lamarck.

In the Inferobranchiate Gasteropods the

branchiBB are arranged under the inferior border

of the mantle on both sides of the body, or

upon one side only : the mantle sometimes

contains a calcareous lamella. All the genera

" Ifudut, naked; hranchiee, gill».

t n.Xuc, fnany ; branchiae.

X ^SffjLA, skin.

^ AvSo;, ajhirer.

11 Ki/xXof. a circle*
"

2 c
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are hermaphrodite with reciprocal impregnation,

and niarino.

1 St Sub-order, Plii/llidiadee, Cuv.
IstFam. Phi/llidiii, _/!(;. 175.

2d Snb-oi'der, Semi-pliyllidiailir, Lam.
2d I'am. Gastroplat, Blainville.

3d Fam. I'kurubrancliiis, Cuv.

Fig. 175.

X

Order III. TECTIBRANCHIATA*
CCuv.)

Si/n. Chismobranches, Blainville; Gast.

Adttohranches,-^ Dumeril; Gast. Phyltidiens

and I.aplj/siens, Lamarck.
In this order the branchia? are placed upon

the dorsal aspect of the body, but are pro-

tected by a fold of the mantle which almost

always contains a shell presenting a rudimen-

tary spire. They are all hermaphrodite like

the preceding, and marine.

1st l'"am. Dikera.

2d Fam. Akera.

Order IV. PULMONALIA INOPER-
CULATA, (Ferussac)

Si/n. Pulmones, Cuv.; J Pulmobrcmches,

Blainville; Gmt. Truclielipodes,^ Lamarck.
The respiratory apparatus is here adapted to

the respiration of atmospheric air, and instead

of being composed of branchial tufts or la-

minae, consists of a cavity lined by the rami-

fications of the pulmonary vessels, tlie entrance

to which can be opened or closed at the plea-

sure of the animal. Almost all the species

are provided with a shell cither turbinated or

concealed within the mantle, but are never

furnished with a calcareous operculum. Every

• Tecttu, covered.

f A5t;Xof, concealed.

J
Pulnio, lunqs.

^ Tpa;^*jXof, tlie neck ; 'jrovi,foot.

individual is hermaphrodite, but mutual copu-
lation is essential to fertility. Some arc terres-

trial, others inhabit fresh water, and some are

marir^e.

1st Sub-order, Gcopliilidte,* Ferussac.

1st Fam. Liinti.x.

2d Fam. Ihlix.

2d Sub-order, Gcht/drophilida,^ Ferussac.

3d Fam. Auricula.

3d Sub-order, lii/grophilida,l Ferussac.

4th Fam. Limnteus.

Order V. PULMONALIA OPERCU-
LATA, (Ferussac.)

Sj/n. Pectinibra7ic/iiala,^ Cuv. ; Siphoni-

brancliiutu,\\ Blain.

The resiiiralory organs of the animals form-

ing this order are similar in structure to those

found in the last, but they differ materially in

other points. In all the opeiculated division

the shell is closed by a calcareous operculum

not found in the last, and instead of that

hermaphrodite condition of the sexual organs

common to the inoperculated order, the sexes

are distinct, the male and female parts existing

in different individuals. They are all terres-

trial.

IstFam. Helicina.

2d Fam. Turbicina.

Order VI. PECTINIBRANCHIATA,
(Cuv.)

Si/n. Trachelipodes, lamarck ; Monopleuri-

brunchef, Blain. ; Gast. Addobranchet and
Siphonibranc/ies, Dumeril.

This extensive order, which comprises most
of the univalve mollusks whose shells enrich

our cabinets, is characterized by a respira-

tory apparatus adapted to an aquatic medium.
The branchiae are pectinated, consisting of

ranges of fringes disposed like the teeth of a

comb, and generally enclosed in a dorsal cavity

which opens externally at the side of the body
or above the head. The shell is always turbi-

nated, and sometimes provided with an oper-

culum. The sexes are se])arate, and the ani-

mals fluviatile or marine.

1st Sub-order, Pomust(imidte,% Ferussac; Chis-

mobranches, Blainville.

1st Fam. Turbo, Lin.

2d Fam. Trochus, Lin.

2d Sub-order, Hemipomastomid/r, Ferussac.

3d Fam. Cerithium, Adanson.
4th Fam. liiiccinum, Lin.

5th Fam. Murcx, Lin.

Cth Fam. Slromhus, Lin.

7th Fam. Conns, Lin.

3d Sub-order, Apomastomidie, Ferussac.

8th Fam.
9th Fam. Valuta, Lin.

10th Fam.
4tli Sub-oidtr, Adelodermidir, Ferussac.

I Ith Fam. Sigarvlus, Adanson.

' rn, the eaTlh ; <f>iXE«, to love.

t ru, the earth ; uJwp, the water ; <^tXi».

J yy^tt, moist ; ^'l^''*'.

§ Pecten, -inis, a comb.

II
2«^EVV, a canal.

% nvfxa, ojierculum; irnixa, mouth.
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Order VII. SCUTIBRANCHIATA*
(Civ.)

Si/n. Cervicoliranc/ie.i, Hlain. ; Chismo-
branchcs, Blain. ; Cast. Damobruiultes, Uuin.;
G. I'racMijmdrs, Lara.

i'ig. 176.

In this order the structure of the branchiae
is analogous to what has been described in the
Pectinibranchiata ; but the shell, which in the
latter was always turbinated, in the Scutibran-
chiau is a mere shield, in which the indications
of a spire are very slight or totally deficient.
There is never an operculum. The organs of
both sexes are united in every individual, but
there is no necessity for copulation, each ani-
mal being self-impregnating. The species are
all aquatic.

1st Sub-order, Anthophora.f
1st Fam. HiiUolis, Jig. 176.

2d Sub-order, Cali/ptracidtr,X Lam.

• Scutum, a shield.

t Airo:f. a Jiuwer ;
4*tpaf, to carry.

t ICAXjvTp«, a covering.

2d Fam. Capultis.*

3d Sulvorder, Hcteropoda-\ Nucleobranchei,
lilainville.

iid Fam. Pterotrachea,Jig. 177.

Order VIII. CYCLOBRANCUIATA,

St/n. Dermobrimches, Dum. ; Cast. Phylli-
diens, Lam.; Gast. C/iisniobranche$, Blain.

In this order the branchiee are arranged
under the margin of the mantle around th«
circumference of the body ; the shell is a
simple shield, either composed of one piece,

which is never turbinated, or else made up of
several divisions. They are all hermaphrodite
and self-impregnating.

1st Sub-order, Chismobranchiala, Blain.; Cy-
clobranchiata, Goldfuss.

1st Fam. Fatella.

2d Sub-order, Polifplaxiphora,\ Blain.
2d Fam. Oscabrion.

Cuvier detaches the genera Vcrmettu, Magi-
lia, and Siliquaria from the Pectinibranchiata
on account of the irregular form of their shell,

which is only spiral at its commencement, and
is iisually firmly attached to some foreign body,
a circumstance which involves as a necessary
consequence the hermaphrodite type of the
sexual organs, so that these genera are self-

impregnating, lie has, therefore, arranged
them in a separate order, to which he applies
tlie name of Tubulibranchiata.

Tegumentary $i/stem.—The skin which in-
vests the Gasteropoda varies exceedingly in
texture, not only in different species but in dif-

ferent pans of the same animal ; its structure
being modified by a variety of circumstances
connected with the habits of the creature, the
presence or absence of a calcareous covering, or
the mode of respu^tion. In the naked Gaste-
ropods, especially in the terrestrial species, it is

thick and rugose, serving as a protection against
the vicissitudes consequent upon the changeable
medium which they inhabit. In such as are
aquatic the integument is proportionably thin-
ner, and its surface more smooth and even ; in
both, however, it differs much in texture in dif-
ferent parU of the body ; thus in the derrao-
branchiate species it becomes attenuated into a
thin film, where it invests the vascular appen-
dages subservient to respiration, and such por-
tions as cover the organs of sense assume a
transparency and delicacy adapted to the sen-
sibility of tlie parts beneath. In those orders
which are provided with shells, the integument
which protects such parts of the body as are
exposed when the animal partially emerges
from its abode, is thick and spongy, and very
diftisrent from the thin fibrous membrane which
invests the mass of viscera contained withia
the shell. We are led by various circum-
stances to presume that the skin of all the
Gasteropods is in structure essentially ana-
logous to that of higher animals, and in de-

* Many of ihe Capnloid Gasteropods are ihonght
by Cuvier to be dicscioua.

i ETlf»{, different ; srjuf, f„at.

X n«Xi/c, many; <t>i«{, a koU i ^fit, to carry.

2 C 2
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scribing it we shall avoid obscurity by applying
to its different parts the names ordinarily made
use of by anatomists to distinguish the tissues

enumerated as composing the human integu-
ment.

The dermis is an extremely lax and cellular

texture, eminently elastic, and so intimately

blended witli the contractile layers beneath it,

that it is difficult to recognise it as a distinct

structure : its great peculiarity consists in the

power which it possesses of secreting calcareous
matter, which being deposited either in a cavity

within its substance, or as is more frequently
the case, upon its outer surface, forms a con-
cealed or external shell ; from this circum-
stance, and from the abundant quantity of
mucus which it constantly furnishes, we may
infer its great vascularity, while the high degree
of sensibility which it evidently possesses une-
quivocally demonstrates that it is plentifully

supplied with nerves, although the existence of
a true papillary structure cannot be satisfac-

torily distinguished. T/ie colouring pigment
hkewise exists, as is evident from the brilliant

markings which are often met with in some of
the more highly coloured species ; but there is

a circumstance in connection with this rete

mucosum which requires particular mention, as
it will enable us afterwards more clearly to ex-
plain the formation of shells; the pigment is

not merely a layer which sei-ves to paint the
surface of the body generally, but appears ra-

ther to be an intiltratinn of the lax tissue of the
cutis with coloured fluid, which is poured out
in great abimdance at particular points, espe-
cially around the margin of the shell, and there

being mixed up with tlie calcareous matter se-

creted by the collar, its tints are transferre<l to

the exterior of the shell itself, tinging it with
similar hues. T/ie epidermis is evidently defi-

cient, its place being supplied by the viscid

matter with which the surface of the body is

continually lubricated. The muciparous crypts
destined to furnish the copious supply of glairy

fluid with which the skin is so largely moist-
ened, have not been detected, but the pores
through which it exudes are sufficiently distinct.

It is in connexion with the needful diffusion of
this sttcvetion over the entire animal, that the
skin of the terrestrial species, as the Slugs and
Snails, is observed to be deeply ftirrowed by
large anastomosing channels, formed by the
rugas of the surface, and serving as canals for

its conveyance by a species of irrigation to

every point. No pilous system, properly so
called, exists in any of the Gasteropods, the
hairy covering of many shells being, as we shall

presently see, of a widely dift'erent nature.

From the modifications observable in the
structure of the integument, it is not to be won-
dered at that names have been applied to diffe-

rent portions, which it will be useful to notice,

especially as they are not unfrequently used in

a confused and unprecise manner. That por-
tion of the skin which is more immediately
connected with the secretion of the shell, in

such Gasteropoda as are provided with a de-
fence of that description, has been termed the
mantle, and in certain instances, from the mode

in which it seems to form a special co\ering to

a part of the body, it has some claim to the

name ; the mantle is, however, extremely varia

ble, both in position and arrangement. In the

Nudibranchiata, which have no shell, it cannot

be said to exist, as no fold of the integument or

defined margin indicating a portion deserving

of a distinct appellation can be detected. In
the Tectibranchiata the mantle is a small trian-

gular fold of the integument on the right side of

the body, inclosing a rudimentary shell, and
serving as a covering to the subjacent branchiae. ^
In the Inferobranchiata it invests the whole of
the back, and forms a fold around the margins

of the body, beneath which the branchiiE are

found ; whilst in all the conchiferous Gastero-

pods it lines the interior of the shell, whatever

its shape, forming a distinct fold or thickened

rim around its aperture, to which when much
developed, as in Helix, the name of collar is

not improperly applied.

In the naked terrestrial species the mantle

consists of a thickened portion, occupying a

variable position on the back, and more or less

defined by a distinct margin ; it is here not un-
frequently termed the corselet, and generally

contains a calcareous plate. In Vaginitla it

covers the whole of the back ; in Limux it occu-

pies only its anterior portion ; in Parmacella it

IS found in the middle of the dorsal region,

whilst in Testacella it is placed quite poste-

riorly in the vicinity of the tail ; yet whatever its

situation, shape, or size, it is the immediate
agent in the formation of the shell, and as such
we have deemed it necessary to be thus precise

in describing the different aspects which it

assumes.

Growth of shell.—The varied and beautiful

shells that form so important a part of the inte-

gument of many individuals belonging to this

order, however they may differ in external form
and apparent complication, are essentially simi-

lar in composition and in the manner of their

growth. These calcareous defences, although

serving in many cases as a support to the ani-

ma', from which important muscles take their

origin, differ widely from the internal skeletons

of vertebrate animals, being mere excretions

from the surface of the body, absolutely extra-

vital and extra-vascular, their growth being en-

tirely carried on by the addition of calcareous

particles deposited in consecutive layers. The
dermis or vascular portion of the integument is

the secreting organ which furnishes the earthy

rreitter, pouring it out apparently from any part

of the surface of the body, although the thicker

portion, distinguished by the appellation of the

mantle, is more especially adapted to its pro-

duction. The calcareous matter is never depo-
sited in the areolae of the dermis itself, but ex-

udes from the surface, suspended in the mucus
which is so copiously poured out from the mu-
ciparous pores, and gradually hardening by ex-

posure; this calciferous fluid forms a layer of

shell, coating tlie inner surface of the pre-exist-

ent layers to increase the size of the original

shell, or else is furnished at particular points

for the reparation of injuries which accident

may have occasioned. It Is to the inxestiga-
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tions of Reaumur that we are indebted for our
kiiowlt'dge coiiceniiii)5 tliis interesting process,

and subsequent writers have added little to the

information derived from his researches; in

order, however, to lay before the reader the

princi|>al fiicts connected with tliis subject, we
shall commence with the simplest forms of the

process, and gradually advance towaids such as

are more complicated and less easily under-
stood.

The shells of the Gasteropoda are of two
kinds, some being entirely concealed within

the substance of the mantle, and consequently

internal, whilst others are placed upon the sur-

face of the body external to the soft integument.

In the former case the shell is uniform in tex-

ture and colourless ; in the latter, its develope-
ment is much more elaborate, and it is not un-
frequcntly moulded into a great diversity of
forms, and |)ainled with various tints, which are

sometimes of great brilliancy. The internal or

dermic shells are found in many of the pulmo-
nary and tectibranchuite orders, and possess

but little solidity ; although inclosed in the

substance of the mantle, they are so little adhe-
rent, that when exposed by an incision they
readily fall out of tlie cavity in which they are

lodged, and from which they are ajjparently

quite detached. Their substance is generally

calcareous, but in many instances, as in Aplj/sia,

the shell is of a horny texture, being transpa-

rent, flexible, and elastic, as is the gladius of
many of the Cephalopod Mollusca. In all

cases homy or calcareous plates of this descrip-

tion are found to be composed of superposed
lamellie, which are successively secreted by the

floor of the cavity in which they are contained,

the inferior layer being always the largest and
most recent. These shells, therefore, may be con-

sidered as merely formed by the deiX)sition of
successive coals of varnish, which become indu-
rated, and the simple manner of their growth will

best exemplify the mode in which more compli-
cated shells, whatever be their forai, are con-
structed. Kxternal shells present an endless di-

versity of figure, and some classification of their

principal forms will facilitate our contemplation
of the peculiarity observable in each. The con-
cealed shells, which are merely the rudiments of
whatwe arenowconsidering,are so small in com-
parison with the size of the body, that they can
only be looked ujwn as serving for the protec-

tion of the more important organs, namely, the

heartand respiratory apparatus,which are placed
beneath them, but the external shells, from
their great developement, are not merely a partial

protection to the animal, but in most cases

constitute an abode into which the creature

can retract its whole body. The external shell

consists generally of one piece, the form of
which may be symmetrical, in which case it is

a cone or disc simply covering the back of the
animal ; or, as is generally the case, the shell

may be more or less twisted around a central

axis, forming a convoluted, turbinated, or spiri-

valve shell. In one genus only, Chiton, Lin.,

the shell is formed of several pieces articulated

with each other, and covering the surface of tlic

back.

The shell of the Patella, a section of which
is represented mjig. 1 78, is a simple cone placed
upon the lack of the creature, which it com-
pletely covers, and upon which it is evidently

moulded. On making a section of the animal,
as in the figure, the shell is found to be entirely

lined by the mantle a, b, by which it is secreted.

Fig. 178.

That the whole surface of the mantle is capable
of secreting the calcifying fluid from which the

shell is formed, is distinctly proved by the

manner in which a fracture or perforation in

any part is speedily repaired by the deposition

of a j)atch of calcareous matter beneath it, but
in the ordinary growth of the animal the difler-

ent portions of the mantle execute difierent

fiinctions. It is obvious that the enlargement
of the body of the patella, as its age increases,

must necessitate a corresponding enlargement
of Its habitation, and tliis is principally efiected

by additions of calcareous matter in succes-

sively larger rings around the mouth of the

shell only ; the great agent therefore in forming

the shell is the margin of the mantle, b, b. This
hangs loosely as a fringe near the mouth of the

shell, and being moveable at the will of the

animal, the calcareous matter which it pre-

eminently furnislies may be laid on in succes-

sive layers to extend the mouth of its abode

;

and these consecutive additions are indicated

externally by concentric lines running parallel

with the circumference of the shell, the num-
ber of which necessarily increases with age.

Whilst the abode of the creature is thus en-

larced by the deposition of shell fi^m the vas-

cular and spongy margins of the mantle, the

office of tlierest of that membrane is reduced to

the increase of its thickness, depositing succes-

sive coatings of calcareous particles, which are

laid on to its inner surface, and when a section

of the shell is made (fj, these last-formed strata

are readily distinguisliable by their whiteness

and difliirent arrangement. So far the produc-

tion of an external shell is entirely similar to

what we have met with in the formation of the

internal defences of the naked Gasteropoda, yet

in other respects the former are much more ela-

borately organised. In the first place many of

them are adorned externally with colours, not

unfrequently arranged with great regularity and
beauty ; these tints belong exclusively to the

outer layers of the shell, that is, to those formed

by the margins of the mantle, and are produced

by a glandular structure appropriated to the

secretion of the colouring matter, which only

exists in the vascular circumference of the oal-
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ciferous membrane. The colouring matter
becomes thus incoiporatefl at definite points,

with the cement by which the shell is extended,

and is arranged in various manners according
to the position of the secreting organs which
furnish it. Another peculiarity which distin-

guishes external shells is tliat their outer sur-

face is often invested with a membranous layer,

called the epidermis, which having been re-

garded by some authors as a part of the true

integument of the body, has given rise to the

supposition that all shells being ])laced between
two layers of the skin were in fact internal, the

difference between the one and the otlier con-
sisting merely in the extent of development.
In support of this opinion reference has been
made to the great thickness of this epidermic
coat, which not unfrequently is such as to give

to the surface of the shell a felted or pilous ap-
pearance ; but if such an idea were correct, it

is evident that the epidermis must be formed
prior to the deposit of calcareous matter be-
neath it, which observation has disproved, in-

asmuch as those shells in which the epidermic
covering is most dense and shaggy are found
whilst in ovo to be without such an investment.

The so-called epidermis, therefore, whatever
may be the aspect which it presents, whether it

be, as is usually the case, a brittle lamella en-
crusting the shell, or a tlocculent and pilous
covering, is evidently inorganic, being merely a
crust of inspissated mucus, originally secreted

with the calcareous particles, and forming when
dry a layer encrusting the surface of the shell.

There is yet another structure common to

shells of this class, of which it remains to speak,

namely, the enamel or pearl, which lines such por-

tions of them as are immediately in contact with
the body of the animal ; this polished material

may be likened to the glazing of an earthen-

ware vessel, and is a varnish produced from
the general surface of the mantle, by some mo-
dification of its secretion the nature of which
is unknown, and spread in successive coatings

over the more coarse calcareous matter, where-
ever such a polish becomes needful.

Having thus briefly described the origin of the
different parts ofa shell in the simple form which
we have chosen as an example, we shall now
proceed to examine the structure and mode of
growth in others of a more complicated aspect.

The majority of the Ciasteropoda are furnished

with a shell which has been denominated spiri-

valve. Let the reader imagine the shell of the

Patella to be lengthened into a long cone, which,

instead of preserving its symmetrical form, is

twisted around a central axis, and he will imme-
diately understand the general arrangement of

the parts in shells of this description. The cause

of such an arrangement is owing to the shape

of the body of the animal inhabiting the shell,

which, as it grows, principally enlarges its shell

in one direction, thus of course making it form

a spire modified in shape according to the de-

gree in which each successive turn surpasses in

bulk that which preceded it. The axis around

which the spire revolves is called the columella,

and the mode of revolution around this centre

gives rise to endless diversity in the external

form. In the spirivalve-shelled Gasteropoda,

as in those last described, we find a difference in

structure between that part of the mantle which
envelopes the viscera, and is always concealed
within the cavity of the shell, and the more
vascular portion placed around its aperture :

the former is thin and membranous, its office

being merely that of thickening the shell by
the deposition of successive calcareous strata

applied to its inner side, and of producing the

pearly lining which smooths and polishes the

interior ; the latter part of the mantle is thick,

spongy, and coloured, secreting largely the cal-

careous particles with which the progressive

amplification of the shell is effected : this por-

tion (Jig. 179, c,) from its thickness, and tlte

Fig. 179.

manner in which it usually surrounds the en-

trance to the shell, is generally termed the col-

lar. In such species as inhabit coloured shells

we may observe upon the surface of the collar

(Jig. 17 9, d,) patches of different colours corres-

ponding in tint with the various hues seen upon
the exterior. These spots supply the pigment,
which being mixed up with the earthy cement
serving for the enlargement of the shell stains

it with a corresponding tint. In many instances,

as in the figure, the colours are continually

secreted by the dark spaces, d, causing the

painted bands which they produce to wind un-
interruptedly in the direction of the convolu-

tions of the spire, and they may be seen gra-

dually to increase in breadth as the size of the

animal enlarges : but more frequently it ha])pens

that the colouring matter is only furnished at

stated periods, and in such cases of course the

shell will be marked with spots, the intervals be-

tween which will be regulated by the frequency

ofthe supply. It will be seen that by a combina-
tion of these circumstances it is easy to explain

how every variety of marking may be produced.

The most conspicuous exception to the gene-
ral process by which stiells are painted, is met
with in the porcellaneous Couries (Ci/praa),
which at various periods of their growth could
scarcely be recognised as belonging to the same
genus. In the young animal the enlargement
of the shell is effected in the ordinary manner,
and its colours are supplied from the surface of
the collar : in the mature state, however, these

shells are coloured in a very different manner,
and acquire at the same time a great increase of
thickness; this is effected by the enormous de-

velopment of the ala; of the mantle, which in

the full-grown animal become so mucli ex-

tended, that when the creature is in motion they

are laid over the external surface of the shell so

as entirely to conceal it. These ala; contain

patches of i)igment which secrete colours en-

tirely difl^erent from those contained in the

collar, and from their whole surface exudes a
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calcareous vamish, which being laid over tlie

exterior of tlie old shell completely conceals

the original markings ; these, however, may be

again exposed on removing uitli a file the outer

crust: a line, which is generally very distinctly

seen rutming longitudinally along the back of

the shell, indicates the spot where the edges of

the two ate of the mantle met during the com-
pletion of this singular process. Such shells

are therefore remarkable from the circumstance
of having their thickness increased by additions

to the outer as well as to the internal surface.

In terrestrial shells it is only when they have
arrived at their full growth that a rim or margin
is formed around the aperture, which serves to

strengthen the whole fabric; but in marine
shells, which attain to much larger dimensions,

the growth is effected at distinct periods, each
of which is indicated by a well-denned margin,
and these ridges remaining permanent, the suc-

cessive stages of increase may be readily seen.

At each suspension of development, it is not

unusual to find spines or fringes, sometimes
differently coloured from the rest of the shell,

and not unfrequeutly of considerable length.

la Jig. 180, which represents the shell of Murcx

Fig. 180.

cottiutus, the nature and arrangement of such

spines is well exemplified. They are all formed
by the margin of the mantle which shoots out

into long fringes, encrusting themselves with a

shelly covering ; each spine therefore is at first

hollow, and if in many species they are found
solid, it is because the original cavity has been

gradually filled up by tlie deposition of earthy

matter within it. The syphon with which many
Conchiferous Gasteropoda are provided is pro-

duced in precisely the same manner, and its

identity in form with the other spines covering

the surface of the shell is in the aimexed figure

sufficiently obvious. In many species, as in

the beautiful 'Turbo scalaris, (Jig. 181,) the

epocha of growth are only indicated by ridges

surrounding the shell at regular intervals, each
of which originally terminated a fresh augmen-
tation of its size. It is diflicult to imagine by
what influence these creatures are induced to

enlarge their habitations at such regular inter-

vals, terminating each operation by a similar

margin ; some authors imagine that each lime
the creature emerges from its abode a fresh

addition is made ; others that it is dependent
upon the temperature or state of the seasons,
but without sufficient grounds for either of these
assertions ; it seems more [irobablc therefore

that the growth of the body gradually rendering
the former dimensions of the shell incommo-

dious from time to

time renders these pe-

riodical enlargements

necessary.

Although shells

are evidently inorga-

nic and extra-vascu-

lar structures, it is

now universally con-

ceded that their in-

habitants have the

power of removing
portions which may
obstruct their growtli,

or needlessly infringe

upon the limits of
their abode. In the

Murices we have in-

disputable evidence

of this fact in tlie

removal of such spines as would interfere

with the revolutions of the shell around the

columella, and in Conus and simihu: genera
a like faculty enables the animals to tliin

the walls which bound the inner whirls
when their original thickness is rendered un-
necessary by the accession of new turns. Such
a solvent power indeed is not only exer-

cised upon their own habitations, but many
Gasteix>pods are able gradually to bore holes in

other shells, or perforate the rocks upon
which they reside to a considerable depth.
The mode in which this is effected is, however,
still a mystery ; some authors ascribe it to a
power of absorbing their shells, au expression
the vagueness of which is sufficiently evident

;

others ascribe it to some acid secretion at the

disposal of the animal ; yet although this ex-
planation is certainly plausible, when we reflect

that the very structure which secretes this sup-
posed acid is itself the matrix of such abundant
alkaline products, it is not easy to imagine how
the same structure can at the same time furnish

such opposite materials.

As we should expect from the mode of its

growth, the shell throughout all the Conchi-
ferous class is composed of earthy matter,

cemented together by an animal substance
easily separable by the action of acids. In the

porcellaneous shells the animal matter exists in

much less quantity than in those of a fibrous

texture ; in the former, indeed, Mr. Ilatchett

found that when the carbonate of lime, of
which the earthy portion is almost entirely

formed, is dissolved even by very feeble acids,

little or no vestige of any membranous sti-uc-

ture could be perceived, nor indeed could any
be detected, but by the small portion of animal
coal which was formed when these shells had
been exposed for a short time to a low red

heat; in others however, as the Patelte, a sub-

stance was left untouched by the acids which
had the appearance of a yellowish transparent

jelly, by means of which the earthy matter

had been, as it were, cemented together.

On examining minutely the mechanical ai-

rangement of the layers of which these shells

are composed, it is found to vary in different

kinds, and from this circumstance the fossd
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concliologisl may derive important information
in examining mutilated renmants sometimes so
plentifully met with in calcareous strata. The
simpler shells (Patella, Fissurella) are formed
of very thin, compact, and parallel layers,

whilst in others three distinct strata of fibres,

each of which assumes a different direction,

may be observed. The fibres composing the
external layer are disposed perpendicularly to

the axis of the shell. In the middle stratum
the fibres are placed obliquely and are slightly

twisted, but so arranged that each meets at an
obtuse angle the extremity of one of the fibres

composing the outer layer, and in the internal

stratum they again assume a perpendicular
direction. Such a disposition of the fibres,

which is met with in all Siphonibranchiate
shells, is eminently calculated to resist ex-
ternal violence in whatever direction it may
act, and greatly contributes to the solidity of
the whole fabric.

Ojiercutum.—Many of the spirivalve Gaste-
ropoda, especially such as are aquatic, are
jirovided with a calcareous plate, which is

placed upon the posterior surface of the body,
and closes accurately the mouth of the shell,

when the animal is retracted within it. Tlie
texture of the operculum is sometimes horny,
but it is more fiequently calcareous and of a
stony hardness, its contour being accurately
adapted to the orifice. It is comjjosed of
parallel fibres disposed perpendicularly to the
base of the shell, and deposited in successive
layers around an axis, so as to give to the
whole structure the appearance of a solid
spirivalve, as may readily be seen on removing
it from the animal and examining its inner
surface. Tliis has been looked upon by some
zoologists as analogous to the second valve of
bivalve MoUusca, to which, but for its want
of a ligamentous attachment, it certainly bears
a distant resemblance.

The deciduous operculum of terrestrial

Gasteropoda, or epiplmigmu, as it is usually
called, is a Widely different structure, being
merely an inspissated secretion, with which,
during the period of hybernation, the entrance
to the shell is closed ; and on removing the
outer plate, not unfrequently a second or even
a third similar membrane will be found within,
forming additional safeguards against intrusion
or the vicissitudes of temperature.

During the progressive growth of the shell
the animal contained within it necessarily
changes its original position, advancing gra-
dually as the body enlarges from the earliest

formed spires towards the aperture, as may
easily be proved by sawing off the apex of a
spirivalve shell containing the living animal.
This circumstance is remarkably conspicuous
in some of the Bulimi ( liuiwius dccollalus),
enabling the occupant, as it grows, to break
off the turns of its spire which first contained
it, so that at the latter period of its life it does
not retain any part of its original shell. The
mode in which this advancement is effected is

a subject of much curiosity, as it involves a
power of detaihing the muscles comiccting
the creature with its abode, from the place

where they were originally fixed, and forming
a new connexion with the shell ; but whether
this is effected by the removal of the original

fibres and the production of others more ante-
riorly, as is believed by some, or whether, as is

more probably the case, the creature has a
jKJwer of changing the attachment of its re-

tractor muscle at pleasure, is still a matter of
uncertainty.

Organs of digestion.—We shall not be sur-

prised to find that in a class so extensive, and
composed of individuals living in such diver-
sified circumstances, the alimentary organs are
much modified in form in different species,

according to the nature of the food with which
they are nourished.

Mouth.—In most instances the mouth pre-
sents the appearance of a retractile proboscis,
which can be protruded or shortened at the
will of the animal, but unprovided with jaws
or any apparatus for mastication ; it is in such
cases a muscular tube, formed of longitudinal

fibres prolonged from the common parietes of
the body, and of circular muscles, the former
serving for the retraction of the organ, the
latter causing its elongation by their successive

action ; by means of this simple structure

every movement requisite for the prehension
of food is effected. At the bottom of the tube
is a narrow vertical aperture, the edges of which
are sli'.,ditly cartilaginous, and behind this is

the tongue armed with spines variously dis-

posed ; the aliment therefore, having been
forced by the contractions of the proboscis
through the aperture at its termination, is re-

ceived by the tongue, and by the aid of the
latter organ is propelled into the cesophagus
without mastication or any preparatory change.

In Buccinum and other syphoniferous ge-
nera, the structure of the proboscis is much
more complicated and curious, ([/f^'. 182.)
" The proboscis, which carries with it the

oesophagus in its different states of protrusion,

is organised with wonderful artifice, being not
only capable of flexion in every direction com-
bined with limited power of retraction or
elongation, but it can be entirely lodged in the
interior of the body, folded within itself, so
that that half which is nearest the base en-
closes the other portion : from this position it

is protruded by unfolding itself like the finger

of a glove or the tentacle of a snail, only it is

never completely inverted. We may repre-

sent it as composed of two flexible cylinders

(^fig. 182, a, b,) one inclosed within the other,

the upper borders of which join, so that by
drawing outwards the inner cylinder, it is

elongated at the expense of the other, and
on the contrary, by pushing it back, the internal

cylinder becomes lengthened by its shortening.

These cylinders are acted upon by a number
of longitudinal muscles (c, c), all very much
divided at each extremity, the internal or su-

perior divisions being fixed to the parietes of
the body, whilst at the other end they are

attached to the inner wall of the internal tube
(n) of the proboscis, along its whole length,

cxlending even to its extremity ; their action is

obviously, to draw the inner cylinder, and con-
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FigAS2. sequently ihe entire

proboscis inward. This
being (lone, a great

]>art of the inner sur-

face of llie inner cy-

linder becomes a part

of the external surface

of the outer cylinder,

whilst the contrary oc-

curs when the pro-

boscis is elongated and
protruded.

The elongation of

the inner cylinder by
the unfolding of the

outer, or what is tlie

same thing, the pro-

trusion of tlie proDos-

cis, is effected by the

intrinsic annular mus-
cles which assist in

forming tlie organ

;

they surround it

lliroughout its whole length, and by their suc-

cessive contractions force it outwards ; one espe-

cially, seen at b, placed near the junction of the

extremity of the outer cylinder with the inte-

guments of the head, which is stronger than

the rest. \Vhen the proboscis is protruded,

its retractor muscles acting separately, bend it

in every direction, being in this case antago-

nists to each other. Tl\e internal cyhnder
incloses the tongue (f), the salivary canals (f),

and the greater part of the oesophagus (d), but

its principal use is to apply the extremity of

the tongue to such objects as the animal would
suck or erode by its armed surface.

In Aplysia, Akera, and others, the mouth
consists of a fleshy mass of considerable

strength, to which are attached muscular bands
proceeding from the sides of the body, serving

for its movements, some drawing it forwards

whilst others retract it, but there are no jaws
nor anything equivalent to them, except the

cartilaginous hardness of the lips.

But in such of the Ciastcropoda as devour
vegetable matter, the mouth, instead of being
a proboscis, consists of a strong muscular
cavity, inclosing a dental apparatus adapted to

the division of the food. Jn the Snail, Slug,
LimnsFus, Planorbis, Sec, this is a single cres-

cent-shaped horny tooth, attached to the vipper

surface, and furnished along its opposite edge
with sharp points, separated by semicircular
cutting spaces, admirably adapted for the di-
vision of vegetable food.

The dental org-ans of Tritonia and Scylloea

are, however, still more perfectly contrived for

such a purpose. Tlie muscular mass of the
mouth IS strong and )X)werfuI, but instead of
the single tooth of the Snail, it is armed with
two cutting blades (fg. 183, 4, b), horny in

their texture and exceedingly sharp, resembling
in every respect a pair of strong curved shears,

from which in fact they only differ in the mode
of their union, the spring of the one being
replaced by an articulation (r) inclosed in a
synovial capsule. These blades are ajiprox-

iniutcd by strong muscular fibres, and few

i'ig. 183.

animal structures can resist their edge. The
lips (A), which are placed in front of these
teeth, are strong and very flexible, forming
a muscular tube, by means of which the food
is seized and brought within the power of its

formidable jaws, and then the divided morsels,
being seized by the homy teeth which invest
the tongue (</), are conveyed into the oesopha-
gus.^

Tongue.—The tongue in these Mollusca is

generally a very important organ, serving not
only as a necessary auxiliary in deglutition, but
often as a means of eroding the food : in fiict,

in one tribe only, T/iethj/f, is it found to be
deficient. In most of the proboscidean spe-
cies the tongue is short, and covered with
sharp, homy, and recurved spines, which,
seizing the morsels of food taken into the
mouth by a sort of peristaltic motion, push it

backwards into the oesophagus. In some ge-
nera which have no proboscis, the tongue is

of extraordinary length ; thus in Ilaliotis it

is half as long as the body, and io Patella,

Turbo, Pica, and others, it much exceeds in

length the entire animal. The tongue of Pa-
tella, which is three times the length of the
body, is represented at /fg. 184; it is supported
by two cartilaginous pieces (6, b) placed on each

Fig. 184.

side of its root; from these arise strong and
short muscular bands, which wield the or-

gan. The surface of this singular tongue,

a magnified view of which is given at B,

is armed with minute though strong teeth,

placed in transverse rows and arranged in

three series ; each central group consists

of four spines, while those on the sides con-

tain but two a-piece. It is only at its an-

terior extremity, however, that the tongue so

armed presents that horny hardness needful

for the performance of its functions, the posterior



386 GASTEROPODA.

part being comparatively soft ; it would seem,
therefore, that in proportion as tlie anterior part

is worn away, the parts behind it assume
gradually the necessary firmness and advance
to supply its place. The action of this curious

instrument is as follows :—in tlie upper part

of the circumference of the mouth we find a

semicircular horny plate, resembling an upper
jaw, and the tongue, by triturating the food

against this, gradually reduces substances how-
ever hard. On opening the Patella, the tongue
is found doubled upon itself, and folded in a

spiral manner beneath the viscera.

The tongue of Oscubrio resembles that of

the Patella, except in its armature, being fur-

nished on each side with a series of hooked and
three-pointed scales, and another set of long,

sharp, and recurved spines, whilst its centre is

simply studded with tubercles. In Turbo pica

the scales, which are cutting and denticulated,

are arranged transversely along its surface.

The tongue of Buccmum (fig. \82,J'), is

placed at the extremity of the proboscis, form-

ing a most extraordinary apparatus, capable of

destroying by its constant action the hardest

shells ; externally it resembles rather a mouth
than a tongue, being divided into two lips,

each of which is studded with sharp horny

teeth. These lips are supported upon two
cartilages which occupy the anterior half of the

proboscis, and are moved upon each other by
strong muscular fasciculi (A) in such a manner
that the spines which arm the surface of the

organ are alternately erected and depressed by
their action, a movement the constant repe-

tition of which soon wears away the substances

upon which it is made to act. This spiny

tongue is situated just within the entrance to

the oesophagus (d), and besides acting upon
foreign bodies will materially assist in pro-

pelling the food into that tube.

In other Gasteropods the tongue is short

and merely an organ of deglutition : thus, in

Aplysia it is broad, heart-shaped, and studded

with sharp points. In Onchidium and Doris,

the surface is marked with transverse grooves,

which are crossed at right angles by others of

great fineness. And in the Snail and Slug, in

which the surface of the tongue is similarly

marked, the striae are so delicate tliat they can

only be seen with a microscoi>e.

Alhnenturt; canal.-— We shall commence
our description of the intestinal canal of the

Gasteropod MoUusca by the examination of

the simpler forms which it presents. In the

Snail (Jig. 190), the whole aUmentary tube

(c, f, g, k) is thin and membranous. The
stomach, which is merely a dilatation of the

oesophagus, is semitransparent, but studded

with opaque points and internally folded into

delicate longitudinal plicte. From this arises

an intestine, of considerable length, without

cceca, valves, or remarkable appearance inter-

nally, except near its termmation, where the

orifices of minute follicles may be detected
;

the intestine having performed several con-

volutions enveloped in the masses of the liver,

with which it is connected by cclhilosity

and numerous vessels, at last runs along the

margin of the pulmonary cavity, close to the

orifice of which it terminates. In Vaginulus

the arrangement is nearly similar (Jig. 189,

g, li, i.) in Tritonia and Doris the structure

of the digestive tube is equally simple, and in

these as well as in the majority of the Gaste-

ropoda the only remarkable differences are

found in the proportional size of the stomach
and the length of the intestinal convolutions.

In Doris we find near the orifices by which
the bile is poured into the stomach, an aper-

ture communicating with a round vesicle or

coecum, the inner surface of which is evidently

glandular, and from its large supply of blood

derived from one of the hepatic arteries, pro-

bably furnishing an abundant secretion ana-

logous to that of the pancreas. In Phasia-

nella the stomach is very voluminous and
sacculated internally. In Buccinum the di-

gestive apparatus is more complicated in its

structure. The oesophagus commences, as we
have already seen, at the extremity of the pro-

boscis, and of course follows all the motions
of that organ; when the proboscis is protruded

in search of prey, the gullet is straight and
adapted to the reception of food ; but when the

proboscis is retracted within the body, the

oesophagus is bent upon itself, so as to be
partially contained within the proboscis, whilst

the greater portion is folded beneath that organ

in its retroverted state. After making another

fold it dilates into a small crop, the lining of

which is i^ljcated in the direction of its axis,

and to this succeeds the stomach, which is a

moderately sized round cavity, irregularly ru-

gose internally. The intestine is very short,

and has a small coecum appended to its side
;

it terminates in a capacious rectum, placed,

as is invariably the case, in the vicinity of the

respiratory cavity, and having its lining mem-
brane gathered into prominent longitudinal

ruga;. Many of the Gasteropoda are provided

with several digestive cavities, resembling in

some degree the stomachs of ruminating Mam-
malia. In Junlliimi, which is furnished with

a proboscis like that of the Buccinum, the

oesophagus arising from this terminates by a
narrow slit in a membranous cavity or first

stomach, to which succeeds a second, having
thicker walls and plicated internally. The in-

testine is extremely short, terminating as usual

in the neighbourhood of the respiratory cavity.

In Pleurobranchits the resemblance of the

stomachs to those of a ruminating quadruped
is very striking. The first stomach (fig. 185,

«), which is membranous, receives the bile by
a large orifice (6) placed near its communi-
cation with the second digestive cavity (r),

which is smaller and more muscular; to this

succeeds a third (rf), the sides of which are

gathered into broad longitudinal lamella?, pre-

cisely similar to those of a ruminant; and
to render the analoay still more perfect, a
groove is found running along the walls of the

second cavity from one orifice to the other,

apparently subservient to rumination. The
fourth stomach (e) is thin, and its walls smooth.

This animal lives on Alcyonia and small Zoo-
phytes.
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rig. 185.

%:

similar that

Many Gasteropoda which
devour shell-fish and other

hard materials have a true

gizzard adapted to break in

pieces such food ; this is the

case with Thcthys, an animal

whose mouth is totally desti-

tute of dental organs, but
their want is supplied by a

fleshy gizzard resembling that

of a bird, having its interior

lined with a dense cartilagi-

nous membrane, like that

which lines the gizzard of

graminivorous fowls, and in

its cavity shells of Mollusca
and Crustaceans are found

comminuted by its action.

In lAmnaus we find a gizzard

strictly analogous in structure

to that of a granivorous bird :

it presents two dilatations,

one at the cardiac, the other

at the pyloric extremity,

whilst the middle portion is

occupied by two strong mus-
cles, united at the sides by
tendinous bands. The gizzard

of Plimorbis is precisely

of Limnaeus. In Onchidium

the muscular gizzard is followed by two other

stomachs, the lining membrane of that which

immediately succeeds it being gathered into

large folds, which must greatly retard the pas-

sage of the aliment; while the third cavity,

which is short and cylindrical, is likewise lined

with a membrane folded into more delicate

plica;, affecting a longitudinal direction.

There are some families in this class which

are provided with a still more elaborate appa-

ratus for the preparation of their food, their

stomachs being armed internally with teelh

variously disposed, and on many accounts

extremely curious. In all the Bullae (Akera)

tlie gizzard contams three plates of stony hard-

ness attached to its walls, and so disposed that

they are evidently powerful agents in the tritu-

ration of the food. In Bullu tignaria (Jig. 186)

Fig. 186. two of these teeth are place!

on either side of the gizzard,

into the cavity of which they

project, and are united to

each other by strong muscular
bands ; the third piece is

smaller than the other two,

but similarly imbedded in

radiating muscles, whose
action must powerfully grind

down the substances which
come under the influence of

this singular mill. In the other Bulla the

structure of the gizzard is the same, bu t the

bony plates differ slightly in form and arrange-

ment. In all, however, the fragments of shells

and other hard substances found in it attest tlie

eflicacy of the apiiaratus.

The gizzard ot Sci/llira (Jig. 187, e) is, ex-

ternally, a strong fleshy cylinder, and when
this is opened there are found, firmly im-

bedded in its muscular walls, twelve horny

plates, which are extremely hard and as sharp

as tlie blades of a knife; their edges are dis-

posed in the direction of the axis of the organ,

and as they project considerably into its cavity,

their action upon the contents of the gizzard

must be sufficiently evident.

Aplysia, however, furnishes us with the

most curious form of these stomachal teeth.

The oesophagus, which is comparatively narrow

at its commencement, soon dilates into a capa-

cious crop, which is generally found filled with

pieces of fiicus and the fragments of shells. To
this crop succeeds a short cylindrical gizzard with

strong and muscular walls, and after the gizzard

we find a third stomach which leads to the

intestine. On opening the gizzard and third

stomach (Jig. 188) they are found to have their

Pig. 188.
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interior armed in a manner which is probably
unique. The sides of the gizzard (6) are

covered with pyramidal plates of a rhomboidal
figure, the apices of wliich resemble the

tubercles found upon the grinding surfaces of

the human molar teeth. Of tliese there are

twelve larger plates arranged in quincunx,
besides several smaller ones placed near the

entrance of the organ. These teeth are of a

horny nature and formed of laminae parallel to

their bases : their adhesion to the surface of
the lining membrane is so slight that they are

detached by the slightest effort, without leaving

any trace of membrane or other bond of union,

the place of their attachment being only indi-

cated by a smooth and prominent surface,

corresponding in shape to the base of each
tooth. The apices of all these teeth meet in the

centre of the gizzard, and whatever passes
through that cavity must be bruised by their

action.

The third stomach {d) is armed with teeth of
a totally different nature. These are little

conical hooks (c) attached to one side of the

organ only, and as little adherent in the dead
animal as are the pyramids of the gizzard

towards which their points are directed. In
the figure many have fallen off, leaving slightly

elevated spots indicative of the place of their

attachment. Near the pylorus is a large aper-

ture communicating with a coecum of consider-

able size (_/'), evidently identical with the

spiral coecura of the Cephalopoda both in its

position and relation to the insertion of the

biliary canals (e), forming, as in Fishes, the

rudiment of a pancreas. From the orifice of

the coecum a ridge is prolonged into the com-
mencement of the intestine (g).

Accessoryglands.—The auxiliary chylopoietic

secretions found in the Gasteropoda are gene-
rally only two, the salivary and the hepatic.

In some rare instances already adverted to, as

in Doris and Aplysia, we may likewise add
the pancreatic furnished by the coeca, which in

those genera terminate in close vicinity with

the ducts issuing from the liver, and which,
from every analogy, represent the pancreas of

vertebrate animals.

The salivari/ glands are constantly present

and seem to present a size and importance

corresponding with the mode in which the

mastication of the food is accomplished. In
those genera which are provided with a cutting

apparatus placed in the mouth, they are very

largely developed, as also in most of the

proboscidean species, and it is only in the

Cyclobranchiate order, where the long spiral

tongue is used rather for the abrasion than the

mastication of the food, that they become small,

and, in a very few instances, undistinguishable.

In Jig. 190, which represents the viscera of the

Snail, these glands are marked with the letters

« a, and this engraving will give a good idea of

the general structure which they present, and of

the ordinary termination of the ducts which pour
the saliva into the oral cavity. The glands

are placed along the sides of the stomach,

which they |)artially invest, and somelinies

tlio.se of the opposite sides are intimately united

with each other ; their colour is whitish and
semi-transparent, and they are formed of small

lobes, which, in many species where their

texture is less compact, may be distinctly seen

to be formed of the ramifications of their

arborescent ducts, each ultimate division of

which is terminated by a secreting granule,

lu \'aginuliis (Jig. 189) the salivary glands are

small, but in addition to the ordinary struc-

ture (y") we find an additional tube or slender

coecum ('/'), which, lying at first upon the

stomach, passes through the nervous collar to

join the duct by which the saliva is discharged.

Tlie secondary divisions of the ducts gradually

unite to form an excretory canal for each of the

two glands, which invariably pour the salivary

secretion into the mouth in the vicinity of the

tongue. When very small, as in Testacella,

Onchidium, and Haliotis, they are found to be
merely arborescent tufls placed on each side of

the oral mass. In all the Pectinibranchiate order,

where the mouth is converted into a protrusible

proboscis, the glands themselves (Jig. 182, i)

are found within the visceral cavity, and their

ducts {e, c) are very long and tortuous so as to

follow the movements of the proboscis in which
they are lodged, running in contact with the

oesophagus to open at the extremity of that

tube on each side of the spiny tongue; it is

even probable that the secretion which they

furnish at that point may assist, in some mea-
sure, in the destruction of the shells and other

hard bodies, which are submitted to the con-

tinued action of this organ.

In Doris and Vlcurobranchus a glandular

structure of considerable size is found near the

commencement of the oesophagus, which is of

a brownish colour and plentifully furnished

with bloodvessels. Tins has been looked upon
as an auxiliary salivary organ, but as its duct
has not been as yet satisfactorily traced, its real

nature is unknown : but in Juntlima there are

distinctly four salivary glands, each furnishing

a distinct duct; two of these run, as in Bucci-

num, to the extremity of the proboscis, whilst

the other pair empties the secretion of the

corresponding glands into the commencement
of the asophagus.

Biliary system.—The liver throughout the

whole class is of great comparative size, en-

veloping the convolutions of the intestines and
filling a large portion of the visceral cavity.

That of the Snail consists of four large lobes

(Jig. 190, h), each divisible into lobules, and
these again into secreting granules, from each

of which issues an excretory duct. The ducts

gradually unite into larger trunks, so that the

whole organ, when unfolded, accurately repre-

sents a bunch of grapes, the stem of which would
be the common biliary duct. In the same ani-

mal the excretory ducts from each ofthe d ivisions

of the liver unite into one canal, which opens into

the pyloric extremity of the stomach (g) in

such a manner that as much bile must be

poured into the stomach itself as into the com-
mencement of the intestine. In the Slug the

liver consists of five lobes, and from these are

derived two distinct biliary canals, which open

separately into the intestine, one on each side



GASTEROPODA. 389

of tlie pylonis. A similar disposition occurs

ill Vaginului (Jig. 189, /, h').

Fig. 189.

I

In Scyllaa the liver (fig. 187, d) is divided

into six small and detached round masses, the

excretory ducts of which open above the point

where the oesophagus joins the singularly armed
gizzard (r). The liver of Aplt/sia is very large

and forms three principal masses, among which

are seen the convolutions of the intestine. The
biliary canals are very wide and open into the

third stomach near the aiierture communicating
with the rudimentary pancreas (fig. 188, c).

In Tesfacella Ihiliotoiden there are two livers

perfectly distinct from each other, and from

each arises a proper duct, which opens sepa-

rately into the commencement of the intestine

near its origin. Onchidium furnishes us with

a still more curious arrangement, being pro-

vided with three distinct livers, pouring their

secretions by separate canals into different parts

of the alimentary tube. Each portion perfectly

resembles the others in external appearance,
and in structure as well as in the nature of
their respective secretions. The excretory canal

which proceeds from the largest mass enters

the oesophagus, discharging itself near to its

cardiac termination ; the duct of the second
terminates near the same point, whilst the bile

produced by the third is poured into the

gizzard itself. The insertion of the two former
above the gizzard would seem intended for the

same purpose as the abundant secretion which
is poured into the ventriculus succenturiatus of
Birds, namely, to moisten the food before its in-

troduction into the gizzard ; it is, however, sin-

gular to find the biliary fluid employed for this

purpose ; nor is the insertion of the third duct
mio the first of the three stomachs of this animal
less extraordinary, a similar arrangement occur-

ring only in a few fishes, as in the Diodun
Mola.
The liver of Doris is very large, and not

only is the bile which it secretes discharged by
large and numerous duct^ into the stomach, so

wide, indeed, that it is diflicult to conceive

how the food is prevented from entering them,

but moreover the liver furnishes a second duct

of large calibre, which opens externally in the

vicinity of the anus. A part of the bile in this

case is evidently excrementitious, as there is

no doubt that the second canal takes its origin

from the substance of the liver. " This," says

Cuvier speaking upon this subject, " is the

first instance of the kind which I have met
with, and the fact was sufficiently singular to

make me hesitate long and examine the matter

with all possible precaution before admitting

it. It is only by one .supposition that it can
be explained otherwise,—namely, that the lobes

of two different glands are so interwoven that

they are not to be distinguished from each
other, one portion producing bile used in the

process of digestion, and the other secreting a
fluid which escapes by the canal in question."

Before its termination externally, the secondary

duct communicates by a short canal with a
lateral receptacle, which forms a kind of gall-

bladder, having its lining membrane much
corrugated and its walls apparently muscular ;

this is probably a reservoir for the excremen-
titious fluid, in which it may be retained until

the animal feels its discharge necessary. There
is reason to suspect that the fluid thus furnished

is a colouring matter, used as a means of de-

fence, and expelled like the ink of the cuttle-fish

on the approach of danger, but the matter is

undecided.

The bile is in all cases produced from arte-

rial blood, and the liver is provided with but
one system of veins' answering to the hepatic.

Organs of respiration.—The respiratory or-

gans of the Gasteropoda are found to be con-
structed upon very various principles, adapted
to the medium which they inhabit, or the pecu-
liar exigencies of the individuals composing
each order. Nevertheless in different groups
allied by the generalities of their organization,

the respiratory system is, in most instances,

found to be constructed upon the same plan,
and this circumstance more than any other has
rendered the position and nature of the respira-

tory organs the most eligible basis of classifica-

tion. On looking over the table which we
have given at the commencement of this ar-

ticle, the reader will jiereeive at once that the

names by which the different orders are desig-

nated indicate the general disposition of the

pulmonary or branchial appendages, and we
shall therefore follow tlie arrangement there

adopted in considering more minutely the pe-
culiarities belonging to each.

The first or Nudibranchiate order is distin-

guished by having the breathing apparatus per-

fectly exposed to the influence of the surround-

ing medium, which in all the genera belonging

to this division is the water of the ocean ; the

branchix constantly assume the shape of arbo-

rescent tufts, placed indifferent situations upon
the dorsal aspect of the animal. In Doris (se«
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article Ciucvlation, fig. 321, vol. i. p. 649,)
tliey form a circle aroiiiKJ the uiiiis. In Tvito-

nia tliey are disposed in two rows along the

sides of tlie animal, extending from one extre-

mity of tlie body to the other. In Sci/Uaa they

consist of little tufts irregularly disseminated

over the surface of the back and upon the flesliy

ala; projecting therefrom. In Glaucus they form

on each side three large and palniated fins,

being used as agents of progression as well as

instruments for the purification of the blood.

In (Eolii the branchise assume the shape of long

riband-like lamella; disposed in imbricated

rows ; but whatever their form their structure

is essentially the same, each tuft or lamella

containing the ramifications of the branchial

vessels, and effecting the oxygenisation of the

blood by the extent of surface which they ex-

pose to the action of the surrounding water.

In the Iiiferu-branchiatu the respiratory tufls

or plates are arranged around the circumference

of the body, lodged in a deep groove between
the margin of the fool and the edge of the man-
tle which covers the back. The Tcctihran-

c/iiitta have the branchia; covered by a little

fold or operculum formed by a duplicature of

the skin, and generally containing a horny or

calcareous plate ; beneath this are seen the re-

spiiatory leaflets arranged in rows upon the

two sides ofa semi-crescentic membrane : their

structure in Aplysia is represented in Jig. 191.

Each branchial lamella (o, a) divides dichoto-

mously into smaller plates until the divisions

become extremely minute; the ramifications of

the arteries and veins within them being dis-

tributed to each are spread over an extent of

surface adequate to the efficient aeration of the

circulating fluid which they contain. The
principal trunk of the branchial artery (c) runs

along the concave margin of the crescentic

membrane, while the large-venous trunk occu-

pies the opposite or convex border ; the veins

from the branchiae all terminate in this great

vein, tlieir orifices being disposed in circles, as

seen at d.

The Pectinibranchiate order includes that

large family of aquatic Gasteropods which are

enclosed in shells, and the arrangement of the

whole of their breathing apparatus is adapted

to the respiration of w iter. The branchiae re-

semble in structure those of fishes, and are pec-

tinated or composed of parallel lamina: disposed

like the beards of a feather, and attached in two
or three rows to the roof of a large cavity ])laced

under the integuments of the back ; or else in

some rare cases, as in tlie Valvata cristata, the

branchia is single, resembling a pen, and floats

externally.* A very material difference is ob-

servable between the truly aquatic species and
the pulmonary Gasteropods which inhabit the

water, but breathe air ; in the latter, which are

compelled to come to the surface to respire, the

ajjerture leading into the pulmonary cavity is

small and furnished with a powerful sphincter,

so that the air taken in is retained at the plea-

* For a figure of the branchial chamber of (he

Buccinum undatum, and an account of the ciliary

niovenifnts which have been observed in many
orders of Gasteropoda to be connected with respi-

rution^ the reader is referred to the article Cilia,

sure of the animal ; but in those which are pro-

vided with iiectiiialed branchia', the entrance to

the branchial chamber is a wide fissure, always
allowing free ingress and egress to the circum-
ambient fluid. Many genera of this order are

provided with a special apparatus called the sy-

plion, for conveying the water freely into the re-

spiratory chamber; this is a semi-canal formed
by a fold of the right side of the mantle, and
lodged in a groove projecting from the mouth
of the shell; through this channel the water at

all times has free admission to the gills. The
respiratory organs of the Scutibrunchiula re-

semble those of the last order, and are contained

in a similar cavity, to which the water is con-

stantly admitted ; but in the Cj/ctobrunc/iiata

the branchia consist of a series of lamellae

placed external to the body, around the border

of the mantle, by the edge of which they are

overlapped.

Ilespiration is effected in the Pulmonary
Gasteropoda, whether they be terrestrial or

aquatic, by an apparatus fitted for breathing the

air of the atmosphere ; the lung or pulmo-bran-
chia, as we may call this singular organ, con-

sists of a large cavity placed beneath the man-
tle, over the surface of which the vessels return-

ing the blood from the system spread in beau-
tiful ramifications, and from these the pulmo-
nary veins take their origin, collecting the blood
which has been exposed to the action of the

air, and conveying it to the heart. A large

orifice admits the air freely into this chamber,
the walls of which alternately contracting, draw
in and expel it at regular intervals by an action

precisely similar to that of the human dia-

phragm. In the Slugs (Limax) the cavity is

small, but the network of the vessels spreads

over its whole surface. In the Snail (Helix),

on the contrary, the organ is much larger, but

its floor only is covered with the respiratory

ramifications. In Jig- 322, of the article Cir-
culation, vol. i. p. 649, a diagram is given

of this structure, and in ^g. 190, {m, n,) the

details of its arrangement are more minutely

shewn; yet even in the beautiful drawing
of Cuvier, from which our plate is copied,

the minute divisions of this superb plexus

are but inadequately shevvn. The order which
has been established by Ferussac, under the

name of Putmonaliu opcrculalu, is composed
of individuals classed by Cuvier among the

Pcctinibranc/iiata, to which in every cir-

cumstance, with the exception of the struc-

ture of the respiratory system, they are closely

allied ; these, however, breatlie the air in a

cavity analogous to that which we have just

described, only differing in the position and
nature of the aperture leading to it, which here,

instead of being a rounded orifice in the margin

of the collar, opened and closed at the will of

the animal, is a large fissure placed above the

head, exactly as in the Pectinibranchiate order.

Organs of circulation.—Usivm^ thus de-

scribed the different arrangements of the

branchiae, we shall be enabled more readily

to investigate those modifications in the dis-

position of the organs subservient to the cir-

culation of the blood which are dependent

thereupon. Throughout the whole class, with
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the exception of the Scutibranchiate and some
of the Cyclobranchiate orders, the heart is

single, consisting of an auricular and ventri-

cular cavity, and is interposed between the

branchial or pulmonary vessels and the system,

receiving the aerated blood from the respiratory

organs, and propelling it through the body.

The heart of Aplysia (fig. 191, «, g^ or of the

Snail, (fg. 190, o, p) will exemplify its ordi-

nary structure. The auricle varies slightly in

shape in different genera, but is always ex-

tremely thin and pellucid, containing in its

coats muscular bands of great delicacy. The
ventricle is provided with stronger walls, and
is generally separated from the auricle by a
valve, foiTned of two pieces. The heart is en-
closed in a pericardium, but its position is re-

gulated by that of the branchio; ; and from the

great diversity of arrangement which we have
found the latter to present, a corresponding
want of uniformity in the locality which the

heart occupies may be readily expected. We
shall select two forms of the respiratory organ
as examples of the variable position of the

heart, and as illustrations of the usual distribu-

tion of the bloodvessels, viz. the Snail, (vide

CiRcui.ATioN, fig. .122, and the Doris, fig.

321,) and afterwards notice the principal aber-
rations from llie ordinary disposition. In the

Snail, the blood derived from the whole body
is brought by great veins, performing the func-

tions both of the vena cava and of a pulmonary
artery, to the plexus of vessels lining the floor

of the respiratory cavity ; after here undergoing
the needful aeration, it enters the heart, from
whence it is driven into the aorta. The aorta
immediately divides into two trunks, one dis-

tributed to the liver, the intestine, and the
ovary; the other supplying the stomach, the
oral apparatus, the organs of generation, and
the foot. In the Slug the arteries are perfectly

white and ofiaque, and their ramifications,

which may be traced with great readiness, are
extremely beautiful.

In Doris (Jig.32\) the heart is, in conse-
quence of the position of the branchiae around
the anus, removed quite to the posterior extre-
mity of tlie body. The blood derived from all

parts of the body is conducted by large veins

to the respiratory organs ; the pulmonary arte-

ries which return it from thence unite into a
circular vessel (6, b), surrounding the anus,
and from this arise two vessels, emptying them-
selves into the auricle. The aorta, on issuing

from the heart, divides into two large vessels,

the first supplying the intestinal canal, stomach,
and duodenum, the organs of generation, the
foot, and the mouth ; whilst tlie other large

trunk is entirely distributed to the liver.

In Tritunia the heart is placed near the

centre of the body, and the amide itself resem-
bles a cyliudrical vessel placed transveisely
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across the other viscera, and communicating
with the ventricle near its middle. The blood
arrives at the heart through four vessels from
the lonn; fringe of branchiae, two coming from
the anterior and two from the posterior parts.

We have already described the disposition of
the branchia; in the Tectibranchiate order, but
in following the course of the circulating fluid,

we shall find in some of the individuals in-

cluded in this division circumstances requiring
special notice, as being of e.xtrcme interest to

the physiologist. In Aplysia, the blood re-

turned from the system is brought by two large

venous trunks to the vena cava or pulmonary
artery

(fig. 191, b); for in this case the same

vessel performs the functions of both ; these

large veins turn round in the vicinity of the

operculum, and unite into one trunk prior to

their dispersion over the branchial plates, but
on opening them at this point so as to display

their interior, a most singular arrangement is

brought to light; the sides of the veins are found
to be formed of muscular bands (<•) crossing each
other in various directions, and leaving spaces
between them ; these intervals are seen even
by the naked eye to be apertures establishing a
free communication between the interior of the

vein and the abdominal cavity, and allowing

injection to pass with facility from the vein

into the visceral cavity, or from the abdomen
into the vein : the anterior portion of each of
these vessels may indeed be said to be literally

confounded with the general cavity of the

the body, a few muscular bands, forming no
obstacle to a perfect communication, being the

only separation between the two. It is there-

fore evident that the fluids contained in the

abdominal cavity may in this manner have
free access to the mass of the blood as it

approaches the respiratory organ, and that the

veins can thus perform the office of the ab-

sorbent system ; but in what manner the blood

is prevented from escaping through the same
channels is not at all obvious, although pro-

bably during life the contraction of the fasci-

culi which bound these apertures may in some
measure obstruct the intercourse. It is from
this circumstance, and the analogous commu-
nication which exists in the Cephalopoda by
the intervention of the spongy appendages to

the vena; cava; found in those Mollusks, that

Cuvier was led to the conclusion that in all the

class the veins are the immediate agents of

absorption, and that an absorbent system does
not exist in any but the vertebrate division of
the animal kingdom. We meet, moreover,
in Aplysia with another peculiarity in the cir-

culating vessels ; the aorta, shortly after its

commencement, divides into two large arteries

(A li'), one of which presents nothing peculiar
in its distribution ; but to the larger of the two,

whilst still enclosed in the pericardium, we
find appended a remarkable structure, the use
of which has been hitherto perfectly inexpli-

cable : projecting from the opposite sides of
the vessel are two vascular crests, represented
in i, formed of a plexus of vessels issuing

from the aorta itself, and ramifying in an ex-
ceedingly beautiful manner through the sub-
stance of these extraordinary organs ; in other

respects the arteries are distributed in the usual
manner. The Cyclobranchiate and Scutibran-
chiate Gasteropods approximate the testaceous

class in many points of their organization, but
in none more so than in the position which the

heart is found to occupy, and the arrangement
of its cavities. In Patella, indeed, the heart

is placed in the anterior part of the body, and
still conforms in its general structure to the

description which we have given above ; but
in Oscabrio the auricle is divided into two
distinct portions, one receiving the blood from
each range of branchial plates ; and in Haliolis,

i'issurellu, Kmargenula, and Purmophorus, not
only IS this division of the auricle met with,

but the ventricle, as in many of the testaceous

Mollusks, is perforated by the rectum, and
the similarity of arrangement which is here
presented with what is met with in the Con-
chifera will be readily appreciated by a refer-

ence to the article which treats of the anatomy
of that division of the Mollusca.

Nervous system.—The nervous system of
the Gasteropoda furnishes us with the most
Eerfect form of the heterogangliate, or as it has
een less happily denominated, cyclo-gangliated

type. It consists of a variable number of
ganglia or nervous centres disposed in different

parts of the body, but connected with each
other by cords of communication, and from
these ganglia the nerves appropriated to dif-

ferent parts proceed. Each ganglion, therefore,

is a distinct brain; and were the preponderance
in size to be regarded as the criterion of rela-

tive importance, it would not unfrequently be
hard to say to which the pre-eminence is due.
There is, however, as we shall soon perceive,

an uniformity in the arrangement of certain

masses, and a regularity in the appropriation

of the nerves proceeding from them to parti-

cular organs, wliich leave us little room for
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liesitation upon tliis point ; bcforo, however,
entcrini; tijK>n a nioru detailed account, we
will ofltr a few general observations upon this

system, applicable to the whole class. The
nervous ccnires are obviously of a different

nature from the cords by means of which they
are connected into one system, and from the

nerves arising from them ; the nervous mass
of the ganglion itself is generally granular in

its appearance, whilst the texture of the nerves
is homogeneous and smooth ; the distinction

is, however, in a few instances, rendered still

more remarkable by a striking difference in

colour ; thus in Aplysia, whilst the nerves are
of a pure white, the ganglionic centres are of
a l)eauliful red tint ; the same circumstance is

met with in the Hulimus Stagnaiis, and has
also been remarked in many of the conchi-
ferous MoUusea. A second peculiarity may
be noticed in the mode in which the nerves
and ganglia are invested with a neurilema or
sheath, so loosely connected with them that it

may be inflated or injected with great facility,

and for this reason the nerves have been mis-
taken for vessels by some authors.

As an example of the most jierfectly dis-

persed arrangement of the nervous centres we
shall select Aplysia, in which the ganglia are
more numerous than in the generality of the
Gasteropo<l Mollusks. In this animal we find
a giinglion placed above the oesophagus to

which the name of the brain is universally
allowed, not so much on account of its size

as because throughout the class it constantly
occupies the same position, and as invariably

supplies those nerves which are distributed to

the most important organs of sense; in this

case its branches run to the muscles of the
head and to the male organ of generation ; it

likewise sends on eitlier side a large branch to

each of the great tentacles, which as they
approach those organs give origin to the optic
nerves.

On each side of the oesophagus is found
another ganglion equalling the brain in size,

and constituting two other nervous centres,
which are united to each other and to the brain
by cords so disposed as to form a collar around
the (Esophagus; each of these gives off a
number of nervous filaments, which are lost

in the muscular envelope of the body ; a
fourth ganglion joined to the brain by two
cords is found under the fleshy mass of the
mouth ; this supplies the oesophagus, the
muscles of the mouth, and the salivary glands.
At a considerable distance from these, and
placed near the posterior iwrtion of the body
in the vicinity of the female generative organs
and the respiratory apparatus, is a fiftli gan-
glion communicating with the second and third
by means of two long nerves, and giving
branches to the liver, the alimentary canal,
the female generative system, as also to the
branchia' and the muscles of the operculum.
From this account it will be seen that none of
these ganglia can be said to preside exclusively
over any particular apparatus, branches from
each being distributed to very different struc-
tures ; but yet, speaking generally, there ap-

pears to be gome reason hi classifying their

functions. Thus the brain is exclusively tlic

centre of the principal senses : the two great

lateral ganglia supply the bulk of the muscu-
lar system ; the sub-oral ganglion is |xirticularly

subservient to mastication and deglutition, and
the fiflh or posterior nucleus being almost
entirely appropriated to the supply of tlie

digestive, respiratory, circulatory, and gene-
rative viscera, might be regarded as analogous
to the sympathetic. Tliere are, however, but
few of the Gasteropoda in which the ganglia

are so distinct in position and function as in

Aplysia. In the inoperculate pulmonary Gas-
teropods, as in the Snail and Slug, the nervous

centres are only two in number, namely, the
brain, placed in its usual position above the

ttsophagus, and a large sub-oesophageal gan-
glion connected with it by two cords embracing
the oesophageal tube. The brain in this case

supplies nerves to the muscles of the mouth
and lips, as well as to the skin in their vici-

nity ; it likewise furnishes the nert-es of touch
and of vision, besides those distributed to the

generative organs, and from the sub-oesopha-

geal ganglion, which fully equals the brain in

size, arise tliose nerves which supply the

muscles of the body and tlie viscera. There is,

however, placed under the oesophagus a very
minute nervous mass, which lioin the con-
stancy of its occurrence is worthy of notice

;

it is formed by the union of two minute nerves
arising from the brain, and the little filaments

which it gives off are lost in the oesophagus
itself.

One remarkable circumstance may be men-
tioned as being probably peculiar to the class

under consideration, namely, the changes of
position to which their nervous centres are

subject ; obeying the movements of the mass
of the mouth, with which they are inti-

mately connected, they are pulled backwards
and forwards by the muscles serving for the

protrusion and retraction of the oral appa-
ratus, and are thus constantly changing their

relations with the surrounding parts. In the

Snail it would seem that the great size of the
nervous collar which embraces the oesophagus
will in some circumstances permit the mass
of the mouth to pass entirely through it, so
that sometimes the brain rests upon the oeso-

phagus, and at others is placed upon the in-

verted lips.

In most of the Peclinibranchiutn, the brain

consists of two ganglia united by a transverse

cord ; from these two centres arise the principal

nerves, two of which unite to form a small
ganglion beneath the oesoph^us, from which
that tube derives its peculiar supply.

It is in the Nudibranchiate division, how-
ever, that the nervous centres exist in their

most concentrated form, and in these it is

doubtful whether there are any ganglia, except
the large supra-cesophageal brain. We may
take Tritonia as an example of this form of the

nervous system. In this beautiful Gasteropod
the brain consists of four tubercles placed
across the commencement of the cpRophagiis,

the nervous collar being completed by a simple
I n
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cord; all the nerves which supply the skin,

the muscular integument, tlie tentacles, the

eye, and the muscles of the mouth arise from

the brain, and anatomists have not hillierto

detected any otlier source of nervous supply,

although Cuvier suspected two minute bodies,

which he found beneath the crsophagus appa-

rently connected with the brain, to be of a

ganglionic nature.

The slow-moving and repent tribes of which
we are now si^eaking have their powers of sense

almost entirely limited to the perception of

objects in actual contact with their bodies,

and instruments adapted to touch and vision

are the only organs of sense which the anato-

mist has been able to distinguish. The utter

want of an internal skeleton or of an external ar-

ticulated crust forbids us to expect that any of

them are provided with an apjjaratus specially

calculated to appreciate sonorous undulations.

Their tongue, coated as it is with horny plates,

studded with spines, or absolutely corneous in

texture, is obviously rather an instrument of

deglutition than an organ of taste. No re-

searches have hitherto detected any part of the

body which could be looked upon as devoted

to smell ; the eye is generally a mere point,

rather inferred to be such by analogy than

clearly adapted to vision ; and the sense of

touch in fact is the only one which anatomical

evidence would intimate to be perfectly deve-

loped. Yet in spite of these apparent defi-

ciencies, observation teaches us that many genera

are not utterly deprived of the power of appre-

ciating intimations from without connected with

the perception of odours ; it has been found

by direct experiment that some of them are pe-

culiarly sensible of the approach of scented

bodies ; thus the snail, although at rest within

the shelly covering which forms its habitation,

will with great quickness perceive the proximity

of scented plants which are agreeable articles of

food, and promptly issue from its concealment

to devour them. Some anatomists have sup-

posed that it is at the entrance of the respiratory

cavity that we are to look for the special seat of

smell, where, as the air alternately enters and is

expelled by tlie movements of respiration, the

odorous particles with which it may be impreg-

nated are rendered sensible. Others with

scarcely less probability conceive that the whole

surface of the body which is exposed to the at-

mosphere may be endowed with a power of

smelling, the quantity of nerves which are dis-

tributed to the integument, and the moisture

with which it is constantly lubricated, seeming
to adapt it |>erfectly to the performance of this

function, giving it all the characters of a
Schneiderian membrane. It is not impossible

that sounds may be perceived in a somewhat
analogous manner, allliough no proof has yet

been adduced that any of the Gasteropoda are

sensible to impressions of this nature. The
seuse of touch is exquisitely delicate over the

whole surface of the animal, but more especially

so in the foot, which is extremely vascular and

abundantly supplied with nerves
;
yet in spite

of this delicacy in the organisation of the skin

which makes it so sensible of contact, it appears

to have been beneficently ordered that animals

.so helpless and exposed to injury from every

quarter, are but little sensible to pain, and that

such is the case, M. Ferussac, a diligent ob-

server of their economy, bears ample testimony.

" I have seen," says he, " the terrestrial gaste-

ropods allow their skin to be eaten by others,

and in spite of large wounds thus produced,

shew no sign of pain." But besides the sen-

sation generally distributed over die skin, we
may observe in most instances organs of variable

form which seem peculiarly appropriated to

touch. These are the tentacles, or horns as

they are usually termed, which occupy a va-

riable position upon the anterior part of the

animal.

The tentacles vary in number in different

genera: thus in Planorbis we find two, in the

generality of cases four ; in a few, as some spe-

cies of (Eulis, six ; and in Polycera even eight of

these appendages are met with. The structure

of the tentacles is by no means the same in all

the individuals belonging to this class. In the

aquatic species they are to a greater or less ex-

tent retractile, but can in no case be entirely

concealed within the body, as is usual in the

terrestrial division ; they are therefore not hol-

low, but composed of various strata of circular,

oblique, and longitudinal muscular fibres, by

means of which they are moved in every direc-

tion, and applied with facility to the objects

submitted to their examination. In all instances

tliey are plentifully supplied with nerves

arising immediately from the brain. Their

shape is subject to great variation ; they are

usually simple processes from the surface of the

body more or less elongated, and in some cases

even filiform, as in Planorbis. In Miirex

(fi^. 193) each tentacle is a thick and fleshy

stem, near the extremity of which a smaller one

is appended. In Tritoniu each tentacle is com-
posed of five feathery leaflets, and is enclosed

in a kind of sheath which suirounds its base.

In Uoris the two inferior are broad, flat, and
fleshy, while the superior are thick anil club-

shaped. In Scyllaa they consist of broad

fleshy expansions attached by thin pedicles to

the anterior part of the body. In Tlicthi/s

they are placed at the base of the veil which

characterises the animal, but in all Ciises they

are solid and incapable of entire retraction. In

the terrestrial Gasteropoda, in which from many
causes the tentacles are more exposed to injury,

a much more complicated structure is needed,

by which these important organs are not only

moved with facility in different directions, but

which allows them to be perfectly withdrawn

into the interior of the body, from which posi-

tion they may be made to emerge at the will of

the animal : the mechanism by which this is

eflected will be understood by referring to_//g.

192, representing a dissection of the common
snail, and exhibiting the tentacles in different

states of protrusion. Each tentacle (c, rf,) is here

seen to be a hollow tube, the walls of which are

composed of circular bands of muscle, and

capable of being inverted like the finger of a

glove; it is in fact, when not in use, drawn with-

in itself by an extremely simple arrangement.
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F^. 193.

Structure of the tentack4 in the Garden-Smtil

( Heii-M PotnatiaJ,

From the common retractor muscles of the

foot four long muscular slips are detached,

one for each horn ; these run in company with

the nerve to each tentacle, passing within its

tube when protruded, quite to the extremity

(g). The contraction of this muscle dragging
the apex of the organ inwards, as seen at r, of
course causes its complete inversion, whilst its

protrusion is effected by the alternate contrac-

tions of the circular bands of muscle of which
the walls of each tentacle are composed. There
is, however, another peculiarity rendered neces-

sary by this singular mechanism, by which the

nerves supplying the sense of touch may be
enabled to accommodate themselves to such
sudden and extensive changes of position ; for

this purpose the nerves supplying these organs

are of great length, reaching with facility to the

end of the tubes when protruded, and in their

retracted state the nerves are seen folded up
within the body in large convolutions. In the

figure, a indicates the origins of the retractor

muscles of the foot from the columella; ft, the

right superior tentacle fully protruded ; c, the

left superior tentacle partially retracted ; d, the

left inferior tentacle extended, and e, the right

inferior tentacle fully retracted and concealed
within the l)ody

;
_/', the nerve supplying the

superior tentacle elongated by its extension
;

g, the retractor muscle of the same tentacle

arising from the common retractor muscle of
the foot and inserted into the extremity of the

tube ; h, the nerve of the opposite side thrown
into folds ; i, the retractor muscle of the same
tentacle contracted ; /;, the aperture through
which the nei-ve and retractor muscle enter the

tentacle d ; I, the brain ; m, the suboesophageal
ganglion ; n, the eye.

Vision.—Tlie eyes of GaMeiopoda are ex-
tremely small in comparison with the bulk of
the animals, and seem more to represent the
rudmients of an organ of sight than to be
adapted to distinct vision. In many species
indeed they appear to be absolutely wanting.
When found, they resemble minute black points,

by far too (mail to admit of any gatisfhctory

examhiation of their internal structure; and even
in the largest forms of the organ which are met
with in the more bulky marine genera, it is with
difficulty that their organisation can be explored.

In fig. 1 93 we have delineated the |>ositioD

and structure of the eye in a large Murex.

Fig. 193.

TenlaeUt and tge af Murix.

The natural size of the organ is seen in the

upper figure, in which on the right side the orgaa
is represented untouched, while on the left a
section has been made to exhibit its interior.

This section when magnified, as in the lower
figure, shews us that it consists of a spherical

cavity lined posteriorly with a dark choroidal

membrane,and containing a large spherical lens;

the position and structure of the retina we have
been unable satisfactorily to determine, although
the visual nerve may be readily traced to the
back of the choroid, where it seems to expand

;

but whether, as in the Cephalopods, its sentient

portion is spread out behind the pigment
which lines the eye-ball, or whether, as in the

forms of the organ common to the vertebrate

orders, the retina is placed anterior to tlie

choroid, is a question which we are at present

unable to solve. But however this may be, we
see anteriorly a distinct pupil surrounded by a
dark radiating zone, apparently an iris, to which
it corresponds at least in position, although

that it is really capable of contracting or en-

larging the pupillary aperture is more than our

observations warrant us in affirming. Finding,

therefore, the eye of the Murex to offer a struc-

ture which indubitably entitles it to be regarded

as an organ of sight, we are justified in consi-

dering the more minute specks of smaller Gas-

teropoda as similarly formed and subservient to

the same office. In the aauatic species the

eyes are generally placed at the base of the su-

perior or larger tentacles, although not unfre-

quently they are supix)rted upon short pedicles

appropriated to them, as is the case in tJaliotis

and others. In Mures we have seen that the

tentacles which support them are large and
2 D 2



396 GASTEROPODA.

fleshy, and by the position of the eyes at the

extremity of so long a stem these can be readily

directed to different objects. In no case, how-
ever, can they be retracted witliin the body so

as to be quite enclosed in the visceral cavity. In
the terrestrial Gasteropods the eyes are gene-
rally placed at the extremity of the superior

horns, a position which manifestly extends the

range of vision, and moreover, in consequence
of the structure which we have described when
speaking of the organs of touch, may be com-
pletely drawn within the body. In^g. 189, b,

the eye of V^aginulus is seen at the extremity of

the u])per tentacle, and the origin of the optic

nerve (c) from the brain (d), as well as the

convolutions which it makes to allow of its

adaptation to the varying length of the tentacle,

and the bulb in which it terminates behind the

eyeball (b*),!ire sufficiently displayed. In Jig.

192, b, tlie eye of the snail exhibiting the same
circumstances has been represented, and the

apparatus by which the movements of the whole
organ are effected is so clearly shewn as to

render further description superfluous.

Generative system.—T\\e description of the

generative apparatus of the Gasteropoda forms

one of the most remarkable parts of their

history, and the complication which it presents

in some orders is probably unique in the ani-

mal kingdom. The class may be divided, as

far as relates to this function, into three great

divisions:— 1st. Hermaphrodite and self-im-

pregnating; 2d. Hermaphrodite, but recipro-

cally impregnating each other by mutual
copulation ; 3d. Sexes distinct, the female

being impregnated by copulation with the

male. We shall consider each of these divi-

sions in the order in which they have been
enumerated. The lowest orders approximate

the Conchifera in most parts of their organisa-

tion, and in the arrangement of their generative

system we need not be surprised to see a

manifest resemblance. The Scutibrunchiute

and Cyclubrunchiute orders, therefore, present

this great distinguishing character, which more
than any other detaches them from the others,

namely, that every individual being furnished

both with ovigerous and impregnating organs

is sufficient to the impregnation of its own
ova. Nothing, in truth, can be more simple

than such an arrangement. The ovary is found,

when empty, embedded in the substance of

the liver, liut at certain epochs it becomes so

much distended with ova as to cover in great

pait the rest of the viscera; from this ovary

arises a simple canal or oviduct, which termi-

nates after a short course in the neighbourhood

of the anus. No trace of accessory ajjjiaratus

has been found, and the only part to which

the office of a testis is assignable is tlie tube

through which the ova are discharged, which

probably furnishes a secretion subservient to

the impregnation of the eggs. Such is the

sti-ucture of the generative system in Haliotis,

Putclla, and otiiers of the orders to which

these respectively belong, exhibiting a simpli-

city of parts widely different from what is

found in the division which next presents itself

to our notice. The second type of the genera-

tive apparatus is common to the Nudihran-
cliiutc, Infcrobrunc/iiute, Teclibrunchiate, and
InuiKrculutedpulownart) onXeta; in all of which
every individual is provided with both male and
female organs of copulation, and, accordingly,

mutual impregnation is effected by the congress

of two individuals, or in a few instances by
the combination of several. We shall select

the common snail ( Helix pomutia) as thfe most
familiar illustration of the general arrangement

of the parts composing this double apparatus,

leaving the varieties which it presents to sub-

st quent notice. The admirable plate of Cuvier,

of which fig. 190 is a copy, represents the

wliole system with that clearness and fidelity

so characteristic of all the laborious contribu-

tions to science which we owe to his indefati-

gable industry. The female portion consists

of the ovary, the oviduct, and an enlarged

portion of the oviduct which forms a receptacle

for the ova, and is called by Cuvier the womb
(la matrice). The ovary (q) is a racemose
mass embedded in that portion of the liver

winch is enclosed in the last spire of the body,

i. e. that part which is placed nearest to the

apex of the shell ; from this proceeds a slender

oviduct (/), folded in zigzag curves, and vari-

ously convoluted : it commences by many
small branches derived from the ovary, and
terminates in a mass (s), regarded by Cuvier
as the testis, in which it becomes so attenuated

that it is difficult to trace it ; emerging, how-
ever, from this mass, it expands into the

womb {t), which is a long, capacious, and
sacculated canal, and capable of much dis-

tension, in which the eggs are retained until

they have acquired their full development

:

this viscus opens into the common generative

cavity at e, fig. 194.

The male organs consist of a testicle, vas

deferens, and penis. The testicle (s,fig. 190)
appears to be composed of two distinct portions,

the larger of which is soft and homojeneous in

texture, but the smaller has a granulated ap-

pearance ; the latter (i/) runs along the womb
hke a mesentery, connecting its folds as far as

the termination of that viscus. The testicle

varies much in size at different periods, being

generally very small, but during the season of

love it dilates so as to fill nearly half of the

visceral cavity, at which tune the womb like-

wise is much enlarged. From the testicle

arises its vas deferens or excretory duct, which
terminates in the penis near the base of that

organ. The penis {fig. 194, n) is a most sin-

gular instrument, resembling a long hollow
whip-lash, formed of circular fibres, and, like

the tentacles, capable of complete inversion,

which in fact occurs whenever it is protruded

from the body ; it is also furnished with a re-

tractor muscle (fig. 190, w), serving to draw it

back again after copulation is accomplished.

Tlie penis is not perforated at its extremity,

but the vas deferens terminates within it by a
small aperture, which of course during the

inversion of the organ opens externally at

about one-third of the length of the penis from
its root ; the aperture by which the vas defe-

rens thus opens upon the exterior of the [xinis,
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when that organ Is protruded, is suflicicmly

distinct, adniiliini; with facility an ordinary
bristle (Jig. 194, I). On slitting up the penis
as it usually lies retracted into the visceral

cavity, its inner membrane is found gathered
into longitudinal folds, and tliis provision is

needful to allow of that distension which must
occur during its erection, at which time this

lining membrane becomes the external integu-
ment of the protruded organ.

Tliese parts would seem sufficient in them-
selves to fulfil the functions belonging to the

organs of both sexes, nevertheless we find

others superadded, the uses of which are not
so readily assignable; these are the bladder,

as it is called by Cuvier, the multifid vesicles,

and the sue of the dart.

The sac which has been called the bladder

^Jig. 190, ', fig- 194, o) is invariably present;

It consists of a round vesicle, variable in size,

communicating by means of a canal, generally

of considerable length and diameter, with the

termination of the matrix : it is usually found
filled with a thick and viscid brownish matter,

and is generally supposed to furnish an enve-
lope to the eggs as they escape from the con-
voluted oviduct, an opinion, however, as we
shall afterwards see, which is not without op-
ponents.

The multifid vesicles (fig. 190, x, fig. 194,
c) are much less constantly met with, and are
in fact almost peculiar to tiie snail ; they are

two groups of coeca, each composed of about
thirty blind tubes, which after uniting into

larger canals ultimately form a principal duct
on each side, through which tlie secretion

which they furnish is poured at a little distance
below the orifice leading to the bladder into

the passiige by which the ova are expelled.

The fluid furnished by these curious glandular

appendages is white and milky, but as this

secretion is almost peculiar to the genus Helix,
its use is extremely problematic.

The sac of the durt (fig. 190, if, fig. 194, b)
is anolhor part of the generative apparatus only
found in the snail, and from the extraordinary

instrument which it conceals is perhaps the

most singular appendage to tlie generative sys-

tem met with in any class of animals. It is

an oblong sac with strong muscular walls

opening by a special aperture into the common
generative cavity, like which it is capable of
complete inversion. On opening it, its cavity

is seen to be quadrangular, and at its bottom
projects a four-sided fleshy tubercle, which
secretes the curious weapon that this sac is

destined to conceal. This (fig. 194, b) con-
sists of a four-sided calcareous and apparently

crystalline spike, about five lines in length,

which grows by successive layers deposited at

its base from the surface of the fleshy tubercle

to which it is attached : it will be evident that

when the sac is everted, the dart contained
within it will be protruded externally. This
dart, if broken ofl' horn its place of attachment,

is speedily renewed.
To complete our description of the parts

connKjsing this complex organisation, it remains
only to mention the common generative cavity

f^. 104

Generatne orgam of Helix Pomatia,

(fig. 194, a), into which the others open; tin's,

when in iu ordinary position, is a muscular
bag, opening externally by a large aperture
near the upper tentacle on the right side of the
neck, whilst at its bottom are seen the orifices

of three distinct passages, one leading to the
penis, one to the female organs, and a third
to the sac of the dart. This cavity, like that
of the dart, is capable of inversion, which is

effected partly by the action of iu muscular
walls, aided in all probability by a kind of
temporary erection, and when tlius turned in-
side out, the orifices leading to the penis, the
womb, and the sac of the dart of course
become external.

In Older to understand the functions of these
various parts it will be necessary to describe at
length the singular mode in which copulation
is effected. Wlieii two snails, amorously dis-
posed, approach each other, they begin their
blandishments by rubbing the surfaces of tlieir

bodies together, touching successively every
part. This preliminary testimony of affection
lasts for several hours, gradually exciting the
animals to more effective demonstrations. At
the end of this time the generative orifice,

placed on the right side of the neck, is

seen to dilate, and the common generative
cavity becoming gradually inverted displays ex-
ternally the three apertures which open into it.

This being efl'ected, an encounter of a truly
unique character commences; the ojiening
leading to the sac of the dart next expands,
and that organ undergoing a similar inversion
displays the dart affixed to its bottom. A
series of manoeuvres may then be witnessed of
an unaccountable description ; each snail, in

turn, inspired with an alacrity perfectly foreign

to its ordinary sluggish movements, strivhig

with his dart to prick the body of his associate,

which with equal promptitude endeavours to
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avoid the wound, retreating into his shell, and
performing a variety of evolutions to get out of

reach. At lengtli, however, the assailant suc-

ceeds, and stril<es the point of his weapon
into tlie skin of his paramour at any vulnerable

point whicli may be found. The dart is gene-

rally broken off by this encounter, sometimes
sticking in Uie skin, but more frequently

dropping to the ground. The reptile Cupid
having thus exhausted his quiver, becomes in

turn the object of a similar attack, exhibiting

apparently an equal anxiety to avoid the threat-

ening point of the weapon bared against him.

At last he receives the love-inspirnig wound,
and the preliminaries thus completed, each

prepares for the completion of their embraces.

The otlier two apertures next dilate, and from

one of tliem issues the long and whip-hke penis,

unrolling itself like tlie finger of a glove ; this

being fully developed is introduced into the

vaginal orifice of the other snail, which in the

same manner inserting its jienis into the female

aperture of the former, both mutually impreg-

nate and are impregnated. See fig. 195.

Fig. 195.

It is difficult to conceive what can be the

use of the dart so singularly employed; it

would seem to be an instrument for stimulating

the sleeping energies of the creatures to a

needful pitch of excitement
;
yet why it should

be peculiar to the snail is not obvious, for in

the slug and other Mollusca certainly not less

apathetic, no such structure has been detected.

In Vagimdus (fig. 189) a similar arrange-

ment of the principal organs is observable,

although some modifications are met with

which deserve our notice. No sac of the. dart

is found in this animal, but a fasciculus of

coBca, analogous to the multifid vesicles as far

as their structure is concerned, is connected,

not with the female apparatus, as in the snail,

but with the male organs. The orifices of the

two sexual systems are here separated by a

considerable interval, the penis emerging at

the side of the neck, near the right superior

tentacle at x, while the orifice of the female

parts is placed between the cuirass and the

mantle, considerably further back. The ovary

(m) is similar in structure to that of the snail

;

and its duct, in like manner, forms many
convolutions in the substance of the testicle

(/)), from which it issues, much increased in

size, to expand into a large membranous re-

ceptacle {(]), corresponding in function with

the tortuous matrix of the Helices; this part

of the oviduct is filled with an albuminous

fluid, and from it runs the narrower canal (;),

which may be regarded as tlie vagina, and

which before its termination communicates

with a lateral pouch, identical with what has

been called the bladder. The testicle (/;) ap-

pears to consist of two portions, from which

arises the vas deferens (o). On tracing this

tube it is seen to divide into two branches, one
opening into the bladder (s), an arrangement
to which we shall again have occasion to revert,

whilst the other runs forward to the root of the

penis («'). The latter organ presents two por-

tions, a long tubular ccecum {y), resembling

the corresponding part in the snail, and a
thick muscular cavity, from which the former
arises as a kind of appendage ; on opening the

thicker portion its interior is seen to be rugose,

and to enclose a small body, something like

the caput gnllinaginis in the human urethra.

The multifid vesicles
( y) open near the exterior

orifice, through which the whole apparatus, by
a process of inversion already described, is

protruded so as to form the male organ of ex-

citement.

In many of the Tectibranchiata a remark-
able arrangement of the generative organs is

found, as the male viscera are divided into two
distinct portions, the exciting organ being at

one extremity of the body, while the testis is

found connected with tiie female apparatus in

a distant ))art of the system. This will be
seen in Duridium Meckelii (fig. 196); the

penis (/), seen retracted in the figure, issues

from the side of the neck, and has appended
to its root a zig-zag tube, inclosed in a mem-
branous canal, the nature of which is un-
known. Quite deUiched from these, and
placed near the anus, we have the matrix (f),
the testis {g), and the bladder (i), occupying
their usual relative position as regards each
other, and terminating in the vulva or sac of

generation (/i).

In Aplysia the organ of excitement is found
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Fig. 196.

near the riglit tentacle, where it protrudes, as

in tlie Snail, for the purpose of copulation,

by the inversion of its walls ; it is, however,
absolutely imperforate, and receives no duct
by which it can communicate with the testis

so as to become instrumental in immission;
but externally a deep groove is seen upon its

surface when in a state of protrusion, which is

continuous with a long furrow seen upon the

surface of the body, continued from the base

of the penis to the orifice of the female ap-

paratus. Fig. 197 represents the secreting

Fig. 197.

I

portions of this system removed from the body,

and displayed so as to ex|)0.sc the internal

structure of the parts composing it. The
ovary (A) is a large oval, whitish, and gi-anular

mass, from which the oviduct arises by several

distinct tubes which emerge from different

parts of its substance : this oviduct opens into

the common tube (e), which may be called the

vagina. The mass (/,g), called by Cuvier

the testis, and supposed by him to be solid

and homogeneous in its texture, is found, when
opened, to be divided by spiral septa, resem-

bling the scala cochlese in the ears of Mam-
malia (p), and thus forms a long spiral cavity

communicuting with the commencement of the

vagina, in which latter tube we also find aper-

tures by which the vesicle (p) and the larger

sacculus (o) communicate with the common
passage.

In Onchidium, an aquatic species belonging

to the ino))erculale pulmonary order, the male

and female parts are in a similar manner

placed at opposite extremities of the body,

but the former assume a more complicated

structure than in the Tectibr.mchiata, which

we have described. The ovary C_^g.l98, a, a,a)

Fig. 198.

(j^-iurutivf organs of Aylytia.

Oeneralme organa of Onchidimn.

consists of two masses replete with ova, each

of which fiirnishes a short duct ; the two thus

formed unite into a convoluted tube (A), which

is the common oviduct : arriving at the niass

always regarded by Cuvier as the testis, it

enlarges and forms within the substance of

that organ many convolutions, on emerging

from which it runs directly in the shape of a

narrow canal (rf), to the external orifice (A).

The bladder (f) receives a large duct (c) from

the mass here assumed to be the testis, and

gives off another of equal siic, which joins the

oviduct ((/) prior to its termination. This
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would seem to form a complete system in

itself; yet, on examining the male organ

of excitement, we tint! it connected with

considerable appenda;4es, tlie nature of

which it is difficult to conjecture. The sac

(m) is muscular, and resembles the mus-
cular root of the penis in the genera already

described, being, as in them, capable of in-

version : at its base are seen two cul-de-sacs,

into each of which opens a long and tlexuous

canal (/, n). The canal marked n is very

slender, and when unfolded is four times die

length of the body of the animal ; its termi-

nation at the point most remote from the mus-
cular sac into which it opens is apparently

closed. The other tube marked I is mucli

wider and of extraordinary lengdi; its com-
mencement(i) isextreinely convoluted and fully

eight times as long as the body ; its walls are

thin, but it is supplied plentifully with blood

by means of a large artery interlaced with its

convolutions ; at k it becomes enveloped in a

fleshy mass of considerable thickness, after

which, assuming its original appearance, it

jjroceeds to die cul-de-sac, at the bottom of

which it terminates. In //g. B, 198, the muscular

cavity (hi) has been laid open, and the mode
in which the above tubes enter it has been

displayed ; the smaller one (h) ends in a little

liorny papilla (9) seen in the engraving ; the

larger tube (/) terminates by a kind of glans

penis, perforated by a large aiierture and sur-

rounded by a kind of prepuce (p) : on open-

ing the vessel a little before its entrance into

the muscular sac, it is found to conceal a

sharp horny dart (0), supported upon a fleshy

pedicle, and readily protrusible through die

aperture/^; the analogy between diis singular

instrument and the dart of the Snail is ob-

vious, for when the muscular sac (w) is

everted, the papilla; (p, ij) become external,

and the homy point Vicing pushed out of the

former will jirobably form a stimulus of Uie

same description.

We have hitherto abstained entirely from

mixing up widi our description of these prin-

cipal forms which the generative system of the

mutually impregnating Gasteropoda presents,

the discussions which have arisen concerning

the real nature of the ditfeient organs whicli

have been described, and have designated them

by the terms usually applied to the respective

parts,without reference to their individual func-

tions. It now, however, becomes necessary

to lay before our readers the principal opinions

which are recorded upon this subject. Tlie chief

points of debate have been the bladder, and

the organ which we have described under the

appellation of testicle. The bladder is, from

its constant occurrence, evidently an organ cf

some essential use: it was regarded by

Swammerdam as the secreting structure from

which the colouring fluid peculiar to some

species is produced, especially in the Murices

and others of the marine genera ; it was there-

fore named by him sac of ihe purple ; but we

shall afterwards tind that this fluid is derived

from another source, lilainville, on the other

hand, considers this vesicle as analogous to the

urinary bladder of Vertebrata ; in reference to

this hypothesis, however, we should be inclined

to ask, with Cuvier, where are the kidneys ? and
even upon the supposition that the secretion of

the bladder itself was analogous to die urinary

fluid, we are not aware of any chemiail proofs

of its nature which are sufficient to establish

the identity. DelleChiaje again sustains that

the sac of the purple is, in fact, the testis, and
that its secretion, jioured as it constantly is

into the termination of the oviduct, is in re-

ality the fecundating fluid
;
yet against Uiis we

must urge the distribution of the vas deferens

met with in die Helices, which from its entire

arrangement converts the organ of excitement

in these animals into an apparatus of iminis-

sion, whose nature cannot be mistaken. The
opinion which we consider most consonant

widi all die circumstances of its position, is

that it is a reservoir for die seminal fluid

analogous to the spermotheca of certiin insects.

Cuvier expressly notices the coiistimt relation

which exists between the lengdi of the penis

and that of die canal which leads to this sac-

culus, and when we remark die long chains of

o\'a which are slowly extruded in most of the

Gasteropoda, we are readily disjiosed to admit
of the necessity of such a reservoir, which,

treasuring up the semen until the eggs are

about to be expelled, applies it efficiently to

the ova as they successively pass die orilice of

its duct. This supposition derives additional

weight from what we have found to be the

arrangement of the seminal ducts in Vtininulus

and OnchkUum. In the former we observed

that, besides die canal, which, as in the Snad,
perforates the root of the penis and thus be-

comes subservient to copulation, die vas de-

ferens actually pours a part of its contents by
a separate canal into the bladder itself, which,

as in all cases, communicates with the egg-

passage. In Onehidium the connexion be-

tween die testis and this receptacle is equally

striking, as will be obvious on reference to the

drawing given above. In Aptt/sia, Delle Chiaje

considers the testicle as described by Cuvier
to be in reality die matrix or receptacle for the

ova, in which diey attain dieir full development
prior to expulsion, basing his opinion upon
the disposition of the spiral cavity which it

contains.

We are entirely left to conjecture as to die

uses of the other appendages found in par-

ticular species, and the multifid vesicles of the

Snail, which are wanting even in the Slug, the

tortuous canal connected with the penis of

Doridiuni, and the still more singular organs

belonging to the male apparatus of Onehidium,
must still remain the subjects of observation

and experiment.

The third form of the generative system in

which the sexes are distinct, is met with in

all the Pectinibranchiate order, and in the

operculated Pulmonalia of Ferussac. In Buc-
cinum, which we shall select as an example
of the general arnmgement of die sexual organs

in the former, the male is at once distinguish-
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Fig. 199.

Mate organs of Bucdttunu

able by the enormous penis attaclicd to tlie

iij;hl side of tlu; neck (jig. 199), which is not,

as in the last ilivision, capable of retraction

within the body, but remanis permanently ex-

ternal, being, when not in use, lolded back and
lodged within the branchial cavity, from which

however it is frequently protruded without any

apparent object.

In the female there is no rudiment of such

a structure, but the generative ajierture is seen

to be situated a little williin the edge of the

pulmonary cavity, being a simple hole leading

to the oviduct. The internal organs of the

male, represented in the annexed figure, con-

sist simply of a testicle and its excretory canal.

The testis is of considerable size, sharing with

the liver the smaller convolutions of the shell

;

from this arises the ras deferens, which forms

by its convolutions a kind of epididymis

(fig.l99,b), and then increasing in diameter

enters the root of the penis, through which it

passes by a tortuous course (</) to the tubercle at

the extremity of this orgim, where it opens

externally. Tlie penis when opened, as re-

presented in the engraving, is seen to contain

strong transverse fasciculi of muscle, which

probably cause the erection of this organ ; they

will at the same time lengthen it, so as to

destroy in a great measure the zig-zag turns

into which the vas deferens is thrown in its

usual relaxed state.

In the female the position of the testicle is

occupied by the ovary, while the vas deferens

is represented by a thick and glandular oviduct.

In Murex the penis of the male is pro-

portionally smaller ; and, instead of a com-
plete vas deferens, penetrating to its extremity,

there is merely a groove along its surface, along

which the semen flows. In Volula the ex-

terior groove only runs to the base of the penis,

and in Strombus the male organ is a mere
tubercle.

In the Pttlmunalia opcrculiila the oi-gans of

both sexes are in every respect similar to those

of the Pectin ibranchiate order. In Puludina

alone /' Helix vivipura, Lin.) llie penis is retrac-

tile, issuing from ahole found in the right tentacle,

and from the disparity in size between the

tentacles, arising from this cause, the male is

readily distinguished. The females of this

genus are not unfreciuently ovo-viviparous,

the ova remaining in their capacious oviduct

until they are hatched.

S|)allanzarii asserts that, if tlie young of

Paludina are taken at the moment of their

birth, and kept entirely separate from others of

their species, they can reproduce without im-
pregnation, like the Aphides and JMonoculi,

in which the same connexion with the male
is found to fecundate not only the female

herself, but her offspring for several generations.

Nevertheless, whether Spallanzam's observa-

tions be correct or not, the males are fully its

numerous as the females, so that it would be
difficult to imagine the object of such a de-

viation from the ordinary proceedings of na-

ture.

Ova.—The spawn of the Oasteropod Mol-
lusca is found under diverse forms ; it is

usually in the marine species attached to the

surface of stones, shells, or sea-weed, the ova
being connected with each other in long ri-

bands or delicate festoons, which are some-
times extremely beautiful and curious. The
Doris and Tritonia deposit their ova in this

manner, and the mass of eggs de|)Osited by
them resembles a frill of lace of extreme
beauty. In Aplysia the spawn is found to

resemble long gelatinous threads, in the centre

of which the ova are seen, varying in tint, so

as to give different colours to different parts of
the thread; the whole strikingly resembles

strings of vermicelli, and the Italians in fact

have applied to them the name of vermicelli

marini. In Ilelix and Uulimus the eggs are

naked and protected by a hard shell, whilst in

liuccinum, Voluta, Murex, and otlier marine
species, the ova are enveloped in membranotus
sacs agglomerated together in large bunches

;

these sacs have been erroneously regarded as

the eggs themselves; they are, however, merely
coriaceous envelopes, answering the puqwse
of the gelatinous coating enclosing the eggs of
other species, several eggs being contained in

each bag, in which, when mature, the young are

easily seen. It would seem that extraordinary

provisions have been made by nature for the
multiplication of these creatures, in spite of
the numerous enemies which devour them, or
the vicissitudes of temperature to which, espe-
cially in tlie terrestrial species, their eggs are

necessarily subject. We are indebted to M.
Leuchs for several interesting observations

concerning the ova of slugs, which explain in

a great degree the quantities of them which in

some seasons infest gardens and vineyards,

becoming, frofn the devastation which they

cause, serious plagues to the agriculturist.

The number of eggs varies with the healthiness

of the animal, the supply of food, or tlie tem-
perature of the season

; yet it is probable
that a single slug will lay five hundred, under
ordinary circumstinces : thus, supposing a
thousand of these creatures to be collected in
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a given space, they will give birth in a few
weeks to five hundred thousand young slugs,

which multiplying in tlieir turn would pro-

duce at the second laying two hundred and
fifty millions of eggs. This fact is well worth
the notice of the farmer, who, instead of dri-

ving away with so much assiduity crows and
other birds which live upon these destructive,

though apparently insignificant, animals, would
do well occasionally to cherish them as fellow-

labourers in his grounds. The Terrestrial Mol-
lusca, helpless and incapable of defence,

afford food to ninnberless indefatigable assail-

ants, and their preservation is provided for,

not only by the number of their eggs, but by
a peculiar tenacity of vitality which these ex-

hibit under circumstances which would be
thought sufficient to destroy the young before

they were hatched. The skin of the eggs of

the slug is coriaceous and very elastic, so that

when compressed they soon resume their

shape : exposure to intense cold does not de-

stroy their fertility, and they have been known
to resist a temperature of 40" without ap-

parent injury. When dried by artificial heat,

they shrivel up to minute points only distin-

guishable by the microscope, yet in this state,

if they be put into water, they readily absorb it

and are restorefl to their former plumpness.
The same thing happens to those which are

dried by the action of the sun and apparently

destroyed ; a shower of rain is sufficient to

supply them with the fluid which they had lost

and to restore their fertility. Tliis drying ap-

pears not to injure them. M. Leuchs found
that after being eight times treated in this

manner, they were hatched on being placed in

favourable circumstances, and even eggs in

winch the embryo was distinctly formed, sur-

vived such treatment without damage.
lieproduci.wn oj' lost parts.—Not less won-

derfiil is the power which snails possess ofrepro-

ducing lost parts, after mutilation by accident

or design. The results of the experiments of

Spallanzani upon this subject are very curious
;

he found that if the large tentacle of a snail

were amputated, the extremity of the stump
heals, forming a small swelling of a lighter

colour than the rest of the horn ; in this swel-

ling a black point soon becomes visible, which
is a new eye, and the mutilated member, in-

creasing in length, shortly equals its original

size, although it is for some time of a lighter

colour than its uninjured fellow, which in other

respects it perfectly resembles. The process

sometimes varies a little; it frequently happens
that the end of the stump, instead of becom-
ing round, is elongated and tapers to a point,

from the apex of which the new eye is seen to

" squeeze out;" the end of the tentacle then

assumes a globular shape, and the most accu-

rate dissedion cannot distinguish the newly
formed eye from the original. If, instead of

the horn, the head is cut quite off, a new one
will succeed : the new head, however, does not

at first contain all the parts of the old one,

but they are gradually developed, piece by
piece, at different intervals, imtil at length a

head differing little, if at all, from the original

pattern is completed. In some cases the ob-

ject is effected by a diH'erent proceeding, the

new part appearing like a round tubercle, con-

taining the rudiments of the lips and of the

smaller horns, which is united to the mouth
and the new-formed tooth, the other parts,

as the larger horns and the anterior part of the

foot, being totally deficient. In another snail

the larger tentacle on the right side first ap-

peared, not more than one-tentli of an inch

in length, but already provided with its eye,

and at a short distance beneath this the linea-

ments of the lips separately developed them-
selves. In a third snail a group of three horns

is seen, two of which will acquire their full

developement, while the third is just above the

level of the skin. These and many other

varieties have been observed ; but in most
instances there is no perceptible difference

between the new head and the one cut off,

the exact line of separation being indicated

by an ash-coloured mark distinguishable two

years after the experiment. The same effects

follow, whether the head be removed above or

below the brain, and in the latter case a new
brain, with all its nerves, is speedily con-

structed. The collar and fool are also per-

fectly restored after their removal.

Slugs reproduce their horns as well as snails,

but their power of manufacturing a new head

is much inferior.

MuscuUir integument.—None of the Gaste-

ropoda have any thing analogous to an endo-

skeleton, a circumstance which sufficiently ac-

counts for the varied forms which the same in-

dividual assumes under different circumstances,

for the body being unsupported by any re-

sisting framework, readily yields to the con-

tractions of the muscular integument with

which it is covered. It is from this circum-

stance that the zoologist finds the preservation

of the natural forms of the recent animals a

task of such extreme difficulty, owing to the

corrugation and distortion produced by the or-

dinary modes of preservation ; it is scarcely

possible indeed, in many cases, to recognise

with tolerable accuracy the natural appearance

of these creatures in the shrunken specimens

generally preserved in our cabinets, and the

collector of these objects would do well never

to omit, when circumstances allow him the op-

portunity, to preserve some sketch of the living

forms of such exotic species as may come into

his possession.

Body.—In the naked Gasteropods the whole

body is found to be inclosed in a muscular in-

tegument, the basis of which is a cellular web
of extraordinarily extensible character, in which

the muscular fibres may be seen to cross each

other in various directions, some passing longi-

tudinally from one extremity of the animal to-

wards the opposite end, while others, assuming

diflferent degrees of obliquity, are interwoven

with the rest, so as to occasion the elongation

or contraction of the body in every assignable

direction. Within this muscular bag the vis-

cera are contained, as well as the organs sub-
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servient to mastication, the apparatus of the

external senses, and of the origans employed in

copulation, which are, wlien unemployt-d, re-

tracted within its cavity by special muscular
fasciculi spoken of elsewhere.

Rttructite muscles.—In the spirivalve genera

the muscular walls which inclose the body only

exist in such parts as, during the extended state

of the animal, are protruded from the shell

;

that part of the body which is concealed within

its cavity being provided with a much more
delicate and membranous envelope ; in such,

however, a necessity exists for an additional

muscular apparatus, serving to retract the body
and foot within the cavity of its calcareous

abode, and of course exhibiting various modili-

cations of arrangement in conformity with the

shape of the shell itself. In the turbinated

shells, the retracting muscles consist of strong

fasciculi of fibres arising from the columella

or axis of the shell, and diverging from this

point, spread in several slips, which become
interlaced with the fibres composing the foot

and muscular investment. In the flattened

forms of Patella and Chiton, the muscular
fibres arise all around the margin of the shell,

excepting at its anterior part; these penetrating

the mantle are intimately interwoven with the

muscles forming the circumference of the foot.

The animal of the Ilaliotis is fixed to its ex-

panded and semi-turbinated shell by a single

large and ovoid muscle, which takes its origin

from near the middle of the last spire ; what-
ever the disposition of these muscles, however,
tlicir action is obviously of two kinds ; and not

only are they the agents by which the creature

retires within its covering, but by raising the

central portion of the disc of the foot, whilst its

margins are in apposition with the plane of

progression, they will, by producing a vacuum
oeneath, convert the whole apparatus into a
sucker, the adhesive power of which will be
proportioned to the extent of its surface.

Foot.—The foot of the Gasteropoda is their

principal agent of progression. It is generally

a fleshy disc, of variable size and shape, attached

to the ventral surface, and forming when ex-

panded an organ by means of which the animal
can adhere to surrounding objects. In the

naked genera it is small, but in the conchife-

rous si)ecies, especially in such as are provided
with dense and weighty shells, its dimensions
and force are proportionally increased. In its

internal structure it resembles the muscular in-

vestment of the body, of which in fact it is

merely an ex])ansion, consisting of muscular
fibres interlacing each other in every possible

direction, as may be developed by continued
maceration. In the Slug, when opened from
the back, the superior layer of fibres is found to

run transversely, arising apparently from two
tendinous lines which run longitudinally near

the centre of the organ, and terminating near

the margins of the disc ; beneath these, longi-

tudinal fasciculi may be detected, but so inter-

laced with other fibres assuming eveiy degree

of obliquity, that it is impossible to unravel the

roniplicaied structure which they form. In the

Limpet (Patella) the lower fibres of the foot

are transverse, but near the circumference they

become distinctly interwoven with circular fas-

ciculi ; the superior stratum vie%ved from above

consists of two series of oblique fibres, which
meet at an acute angle on the middle line,

whilst the substance of the organ is composed
of muscular bands variously disposed : from

such a structure the movements of the foot are

readily understood ; the transverse fibres by
their contraction will elongate the ellipsis of

the foot by diminishing its breadth, whilst the

longitudinal, having a contrary action, will, by
the combination of their effects, produce every

movement needful for the progression of the

creature. On minutely inspecting the foot of

a terrestrial Gasteropod, as it crawls upon a

transparent surface, it will be found to be
divided into a certain number of transverse seg-

ments of variable size by a particular arrange-

ment of the longitudinal muscular fibres, which
seem to form, when the creature advances, un-

dulations limited by the points of contact.

These sections appear alternately to form a
vacuum upon the surface where the animal is

placed, that which follows advancing to take

the place of that which precedes it, the trans-

mission of movement occurring from behind

forwards, a mechanism which causes the animal

to advance by a slow and uniform progression.

The above structure of the foot, and conse-

quent mode of locomotion, although the most
usual, is susceptible of considerable modifica-

tion. Thus in ScylLtu, we find it only adapted

for grasping the thin stems of fuci and other

submarine plants, being for that purpose com-
pressed and grooved inferiorly into a deep sul-

cus. In the Tomatclla fasriata, Lam. the struc-

ture of the foot is remarkable : beaten incessantly

by the waves, in the cavities of rocks which it

frequents, nearly on a level with the surface of

the sea, to the violence of which it is always

exix)sed, it has need of additional powers of

retaining its hold ; its foot is therefore divided

into two adhering portions, placed at each
extremity, and separated by a wide interval

;

when it crawls it fixes the posterior disc and
advances the other, which it attaches firmly to

the plane of progression, and this being eflcscted,

the hinder sucker is detached and drawn for-

wards, locomotion being accomplished by the

alternate adhesion of these two prehensile discs.

In Cj/ctostoma the foot is likewise furnished

with two longitudinal adhering lobes, which
are advanced alternately. But the foot is not

merely an instrument of progression on a solid

surface, in many species being convertible, at

the will of the animal, into a boat, by means of

which the creature can suspend itself in an in-

verted position at the surface of the water,

where by the aid of iLs mantle and tentacles, it

can row itself from place to place. The Buli-

mus stagnalis, so common in our |X)ols of fresh

water, is a good example of this mode of sail-

ing ; and in the marine species, Aplysta and

Gaslropteron may be enumerated as exhibiting

a similar structure.

Some of the naked Gasteropods, as Aplysia

and Thelhys, are able to move through the

water in the same manner as the leech by au
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undulatory movement of the whole body, a
mode of progression which in Thetliys is mate-
rially assisted by the membranous expansion of
the mantle placed around the anterior part of

the body, which forms a broad veil, and from
the muscular fibres contained within it, must
necessarily be an imjxjrtant agent in swim-
ming.

Particular secretions.—Many of the Gaste-

ropoda, in addition to the secretions which
have been mentioned, furnish others adapted
to peculiar circumstances, and produced from
special organs.

In the Snail and the Slug tribes a slimy

mucus is furnished in great abundance from an
organ which has been denominated the " sac

of the viscosity ;" this is a membranous bag sur-

rounding the pericardium, which when opened
is found to be divided internally by delicate

septa arising from its walls ; from this proceeds

a capacious duct, which follows the course of
the rectum, to which it is intimately united, to

open externally in the neighljourhood of the

respiratory aperture. The viscid secretion of

this gland spreading over the surface of the

foot is most ))robably an assistant in progres-

sion, causing it to adhere more intimately to

the surfaces over which the animal crawls.

Aplysia furnishes three distinct fluids issuing

from different parts of the body. The first is a

glairy mucus, which exudes in considerable

quantities from the surface of the mantle, espe-

cially wlien the creature is irritated. The se-

cond i< a whitish liquor, which is thick and
acrid, and has been reputed venomous; it is

emitted in very small quantities, but its smell

is strong and highly nauseous: the gland which
produces it is a little reniform mass placed near

the vulva, close to which is the orifice of its

excretory canal. Blainville looks upon this as

the representative of a urinary apparatus, but it

does not appear to exist in all the species, and
is never emitted except when the animal is tor-

mented.
The third secretion is much more abundant

than the other two, and is generally of a beau-

tiful lake colour, except in Apli/sia citrimi, in

which it is yellow. It is contained in a spongy

substance, which occupies all those portions of

the little mantle or operculum to which the

shell does not extend. All the areolae of this

tissue are filled with a purple matter, the colour

of which is so intense, that when it is expressed

it has a black violet hue, but when mixed with

a large quantity of water, imparts to it the co-

lour of port wine. This colouring fluid seems

to exude through the skin of the mantle, no ex-

cretory duct having been found specially ap-

propriated to its escajje : it is apparently pro-

duced from a triangular glandular mass situated

in the base of the mantle.

Several species of Murex secrete a similar

fluid, which, like the ink of the cuttle-fish,

serves as a defence from attack ; in all cases it

is expelled with force, and in such abundance

as to colour the water around to a considerable

distance.

There is a sjiecies of Limax, (Limax nocti-

luciis,) described byM . Orbigny,which produces

a phosphorescent secretion capable of emitting

a light of considerable brilliancy. The luminous

organ is a small disc of a greenish colour by
day-light, .soft in texture, and slightly contractile.

The light is only visible when the creature is

expanded and in motion. The disc is always

covered with a greenish mucus, which, if wiped

off, is speedily renewed. It is found to be

connected widi the generative organs, and ap-

pears to be ])rincipally useful during the season

of love.
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GELATIN (Fr. gelatine; Germ. Leim.

Gallerte). This term is applied to an im-
portant principle obtained by boiling certain

animal substances in water, and filtering or

straining the solution, which, if sufficiently

concentrated, gelatinises, or concretes into a

translucent tremulous ma.ss on cooling, which
may be again liquefied and gelatinised by
heat and cold. JMany varieties of gelatin

occur in commerce, of which glue is (jerhaps

the most important : it is obtained by boiling

the refuse ])ieces of skin and hide, and the

scrapings and clippings from the tan-yard, in

a suflicient quantity of water, till a sample
taken out of the boiler forms, on cooling, a
stiff jelly; the solution is then strained whilst

hot, and run into coolers, where it concretes, and
is afterwards cut by a wire into slices, which
are dried upon nets. Membranes, tendons,

cartilage, horn-shavings, and other sinnlar sub-
stances also yield a jelly, which, however, is

less stiff and binding than the former, espe-

cially when obtained from young animals

:

size is a jelly of this description. Isinglass,

which consists of several parts of the entrails

of fish, and especially the sound. Sec. of the

sturgeon, yields a very pure and tasteless jelly,

which is chiefly used for the table ; the jelly

of calves' feet and hartshorn-shavings is some-
what similar.

As jelly cannot be extracted by cold water,

and as we have no direct evidence of its

existence in the various substances from which
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it is ohtainwl previous to the action of boiling

water, and, moreover, as it does not occur

in any of tlio animal fluids or secretions, it

lias been regarded by some cbemists, and
especially by Uerzelius, as a product of tlie

action of water and heat, and not as a mere
educt. He compares its formation to the

conversion of starch into gum and sugar, and

remarks that in both cases the change is ac-

celerated by the presence of dilute acids.

Pure gelatin is colourless, transparent, in-

odorous, insipid, and neither acid nor alkaline ;

heat softens it and exhales a peculiar odour,

and it burns with smoke and Hame, leaving

a bulky coal, difficult of incineration and
containing phosphate of lime : it yields much
ammonia, and the other ordinary products of

analogous animal compounds, when subjected

to destructive distillation.

In cold water di'y gelatin swells and be-

comes opaque, and when gently heated it

dissolves and forms a clear colourless solution,

which gelatinises when cold. According to

Dr. Bostock, one part of isinglass to 100

parts of water yields a perfect jelly, but with

180 of water it does not concrete.* Those
modifications of gelatin which are the least

soluble in hot water yield the strongest jelly.

When the same portion of jelly is repeatedly

liquefied and cooled, it gradually loses the

property of gelatinising, and becomes so far

modified as to leave a brownish gummy residue

when evaporated, which readily dissolves in

cold water. L. Gmelin kept a solution of

isinglass in a sealed tube for several weeks

at the temperature of 212° : it was thus

changed to the consistency of turpentine, was

deliquescent, soluble in cold water, and par-

tially so in alcohol.

An aqueous solution of gelatin exposed for

gome time to the air at tlie temperature of

60° to 700 becomes at first thinner and sour,

and afterNvards ammoniacal and fetid : the

addition of acetic acid prevents the putrefac-

tion without impairing the adhesive power of

the gelatin.

Gelatin is insoluble in alcohol and ether,

and in the fixed and volatile oils. When a

strong aqueous solution of gelatin is dropped

into alcohol, it forms a white adhesive and

elastic mass, which adheres strongly to the

glass, and which, like dry gelatin, softens, but

does not dissolve in colil water.

When chlorine is passed through a warm
and somewhat concentrated solution of gelatin,

each bubble becomes covered with an elastic

film, and deposits, on bursting, a while, tough

viscid matter; the whole of the gelatin is thus

precipitated, and free muriatic acid is formed.

This chloride of gelatin is insoluble in water

and alcohol, and remains acid, and smells

of chlorine, even after it has been kneaded

in warm water Dissolved in caustic am-
monia in a tube over mercury, it evolves

nitrogen and becomes mucilaginous. It is

soluble in acetic acid; but the solution, tliougli

rendered turbid by dilution, gives no preci-

* Nicholson'! Journal, xi, 244,

pitate by fcrro-cyanurel of potassium, so that

the gelatin is not thus converted into albumen.
No analogous compound is produced either

by iodine or bromine.

The action of sulphuric acid on gelatin

has been studied by Braconnot.* When one
part of glue and two of sulphuric acid are

mixed, they form in twenty-four hours a clear

fluid, whicii, when diluted with eight parts

of water, boiled for eight hours, (the loss by
evaporation being replaced by fresh portions

of water,) and then neutralised by chalk,

tillered, evaporated to the consistency of syrup,

and set aside for a month, yields a crystalline

crust of a peculiar saccharine substance, which
is insoluble in alcohol and ether, unsusceptible

of vinous fermentation, and gives ammonia
by destructive distillation. It combines and
forms a peculiar crystallisable compound with
nitric acid, which he calls the nitro-taccharie

acid, and which combines with the salifiable

bases and forms distinct salts, the oroperties

of which closely resemble the carbazotatei.

Dilute nitric acid dissolves gelatin without
the evolution of nitrous gas, and forms a yellow
solution, which, by evaporation, (or the ad-
dition of an alkali,) becomes darker, and at

last evolves nitrous gas, and passes (ofien with
ignition) into a spongy coal.t By concen-
trated nitric acid gelatin is converted into

malic and oxalic acids, a fatty substance, and
artificial tan.|

Acetic acid dissolves gelatin and the solution

does not gelatinise, but upon drying, the ad-
hesive power of the gelatin is unimpaired:
the dilute acids do not generally prevent ge-
latinisalion.

Neither the dilute caustic alkalis nor am-
monia prevent the concretion of a solution of
gelatin, but they render it turbid by precipi-

tating its phosphate of lime. Gelatin is soluble

in strong caustic potash, with the exception

of a residue of phosphate of lime. The solu-

tion, when neutralised by acetic acid, does
not gelatinise, and yields on eva|>oration a
compound of gelatine with acetate of potash,

whicli is soluble in alcohol. Sulphuric acid
precipitates sulphate of potash from this acetic

solution, in combination with gelatin ; and
this compound precipitate, dissolved in water,

crystallizes by spontaneous evaporation to the

last drop.§

Hydrate of lime does not affect a solution

of gelatin, but much lime is dissolved by it

:

it also takes up a considerable quantity of
recently precipitated phosphate of lime.

Gelatin is not precipiUited by solution of
alum, but when an alkali is added the alumine
falls in combination with gelatin. Tlie alu-

minous solution of gelatin is used for sizing

paper, and for communicating to woollen

cloth a certain degree of impenetrability to

water.

The acetates of lead do not precipitate pure

gelatin ; by corrosive sublimate its solution is

• Annalcs dc Chim. et Pliys. »iii.

t Hatchctt, Pfiil. Trans. 1800, p. 36S.

X Ibid.

^ Ucrzcltus.
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rendered at first turbid, and when excess is

added a wliite adhesive compound falls: nitrate

and per-nitrate of mercury and chloride of tin

occasion nearly similar changes. But the me-
tallic salt which is the most decided precipitant

of gelatin, and which does not affect albumen,
is sulphate of platinum ; it throws it down
even from very dilute solutions, in the form

of brown flocculi, whiclc, when collected and
dried, become black and brittle, and which,

according to Mr. Edmund Davy, to whom we
owe this effective test, consist of about 76 per

cent, of sulphate of platinum and 24 per cent,

of gelatin and water.

We now come to the most important and
characteristic property of gelatin, which is,

that of combining with tannin, and upon
which the art of tanning, or the conversion

of skin into leather, essentially depends, for

the true skin (cutis) of animals consists of

a condensed and fibrous form of organised

gelatin, and, when properly prepared and im-

mersed in a solution of vegetable astringent

matter or tannin, it becomes gradually pene-

trated by and combined with it, and when
dried is rendered insoluble and durable. The
tannin of the gall-imt is perhaps that which
forms the most insoluble precipitate in gelati-

nous solutions, and is therefore the most de-

licate test of the presence of gelatin; but, as

albumen is also thrown down by it, the absence

of the latter must have been previously ascer-

tained. (See Albumen.) A strong infusion

of galls occasions a precipitate in water holding

less than a five-thousandth part of gelatin in

solution, and, if added to a strong solution

of gelatin, it throws it down in the form of

a curdy precipitate, more or less dense and
coloured according to the greater or less excess

of the precipitant. The precipitated compound
is insoluble in water, dilute acids, and alcohol,

and when dried becomes hard and brittle, but

again softens and acquires its former appear-

ance when soaked in water : it may be termed

tanno-gelatin. When tannin is added to a

solution of gelatin, the latter being in excess,

and especially if it be warm, no precipitate

is immediately formed, for tanno-gelatin, when
recently precipitated, is to a certain extent

soluble in liquid gelatin. Tanno-gelatin does

not appear to be a definite compound ; at least

it is difficult to obtain it as such : the preci-

pitate by infusion of galls consists, when care-

fully dried, of about 40 per cent, of tan and GO
of gelatin. When obtained by other astringents,

such as oak-bark, catechu, and kino, it differs

in the relative proportion of its components

and in its other characters, and often contains

extractive matter. According to Sir H. Davy,*

100 parts of calf-skin thoroughly tanned by
infusion of galls increase in weight 64 parts

;

by strong infusion of oak-bark 34, and by
weak 17; by concentrated infusion of willow-

bark 34, and by dilute 15; and by infusion

of catechu 19.

Mr. Hatchett's researches have shewn that

gelatin is also precipitated by the varieties

• Philos. Trans.

of artificial tan, and that the compound thrown

down resembles in its leading characters the

tanno-gelatin of natural tan. The ultimate

composition of gelatin (pure isinglass) has

been quantitatively determined by Gay Lussac

and Thenard, with the following results :

—

Atoms. Equiv.

Nitrogen .1 14

Carbon .7 42
Hydrogen . 7 7

Oxygen . 3 24

Ttieocy. Experiment.

16.09 16.998

48.28 47.881

8.04 7.914

27.59 27.207

87 100.00 100.000

As the combining proportion of gelatin has

not been accurately ascertained, its equivalent

number, as above given, is open to doubt,

but it is probably correct, and the theoretical

and experimental results closely correspond.

C W. T. Brande.)

GENERATION, ORGANS OF, (Com-
parative Anatomy).—Few subjects connected

with physiology have been investigated more
assiduously than that of the generation of ani-

mals ; and in none, perhaps, has the poverty of

our knowledge of the operations of nature been
more conspicuously exemplified. In studying

many functions of the animal economy, the

laws of chemistry and mechanics have been suc-

cessfully appealed to by the philosopher, and
their application to the operations of the animal
frame satisfactorily substantiated ; but in at-

tempting to explain the wonderful process by
which organized bodies are perpetuated, all the

resources of modern science have been found
totally inadequate to the task, and we are still

left to record facts and observations concerning

the structure of the organs appropriated to the

propagation of animals, without being in any
degree able to connect them with the results so

continually offered to our contemplation. In
taking a general survey of the animal kingdom,
we are at once struck with the infinite variety

of forms which it presents, adapted to an end-
less diversity of circumstances, and might expect

to meet with a corresponding dissimilarity in the

organization of the generative apparatus pecu-
liar to each : no such dissimilarity, however,
exists in nature, the modes of reproduction

conform to a few grand types, and the increasing

complexity of parts, apparent as we ascend to

higher classes, which it will be our business to

trace in this article, will be seen to depend
rather upon modifications in the arrangement
of secondary structures than upon any deviation

from the fundamental organization of the more
immediate agents.

Without entering upon any discussion con-

cerning the theories which have from time to

time been advocated relative to spontaneous

generation, we shall divide all animals as re-

lates to the generative function into three great

classes, grouping together such as are

1st. Fissiparous, in which the pro])agation of

the species is effected by the spontaneous divi-

sion of one individual into two or more, pre-

cisely resembling the original being.



OROANS OF OENEttATION. 407

2nd. Gemmiparous, in which the young
sprout as it were from the substance of the

parent.

3r(i. Oviparous, producing their ofispriiig

from ova or germs developed in special organs

adapted to their formation.

Of these modes of reproduction the two first

are confined to the lowest or acrite division of
the animal kingdom, whilst the third or ovipa-

rous type is common to all other classes.

Fissiparous generation is the simplest possi-

ble, and presupposes a corresponding simpli-

city of structure in the animals whicli propa-

gate in this manner. It is principally confined

to the Polygastric animalcules, most of which
are multiplied by the sponUmeous separation of

an individual into two portions precisely resem-
bling each other, and capable of performing all

the functions which originally belonged to the

undivided creature. Some of the larger species

ofTrichoda are well calculated to exhibit to

the microscopic observer the steps by which
this process is accomplished : the animalcule,

prior to its division, is seen to become slightly

elongated, and a tiansparent line is gradually

distinguishable, indicating the course of the in-

tended fissure ; at each extremity of this line a
contraction of the body is speedily observable,

and the lateral indentations become deeper
and deeper, till at length a perfect separation

is effected. The direction in which this divi-

sion occurs is not always the same even in

the same species ; thus, instead of traversing

the shorter axis of the body it not unfrequently

assumes a longitudinal or oblique direction,

and from this cause it is not unusual to find the

newly divided creatures differing materially in

appearance from tlieir adult or rather conjoined
form ; for in this process the old animalcules
literally become converted into young ones.

In some of the more complex forms of Poly-
gastrioa tlie fissiparous mode of generation exhi-

bits modifications which are extremely curious.

In the beautiful Vorlkdla, whose bell-shaped

bodies are supported on long and exquisitely

irritable stems, the division commences at the

large ciliated extremity of the animalcule, from
which point it gradually extends in a longitudi-

nal direction towards the insertion of the stem,
dividing the body into two equal portions, one
or both of which becoming speedily detached
from the pedicle, might easily in this state be
mistaken for creatures of a different genus, and
have in fact been described as such by many
authors. The new animalcule, when thus
deprived of its pedicle, is seen to be fur-

nished with cilia at the opposite extremity to

that on which they were previously found, while
from the other end, originally the moutli, a new
foot-slalk becomes gradually developed, and the
creature assumes the shape proper to its species.
If one of the bells remain attached to die pedi-
cle, it continues to perform the same movements
as before the separation of the new animalcule

;

but if both become detached, the foot-stalk

perishes.

In the strangely compound symmetrical bo-
dies of (ionium a provision for separation

appears to be made in the detached jiorlionsof

which each jierfccl animal is apparently com-
posed. The body of Ooiiium peclorate con-
sists of sixteen minute transparent glolies of
unequal size, arranged m the same plane.
This beautiful animalcule is pro|»gated by
a separation of its integrant spherules, the

creature dividing into four portions precisely

similar to each other, and composed individually

of one of the central globules united to three

of the smaller marginal ones ; and no sooner is

the division accomplished than tlie component
globes of each portion increasing in number,
the new animalcules assume the dimensions
and appearance of that of which they originally

formed parts.

In the Gonium pulvinutum the fissiparous

mode of generation gives origin to a still more
numerous progeny. Tlie young animalcule is

a minute, flat, diaphanous and quadrangular
membrane, which swims through the fluid in

which it is found by movements sufficiently in-

dicative of its animal nature : as it enlarges, the

surface is seen to become marked by two series of
parallel lines which cross each other at right an-
gles and divide the creature into smaller squares,
which ultimately separate and become distinct

representations of the original animalcule.

Some of the Nematoid worms, as the Nais,

are likewise said to propagate by spontaneous
division.

Gemmipiirous generation.—This mode of re-

production, like the fissiparous, is confined to

the lowest tribes of animal existence, and the

creatures which propagate in this manner are

unprovided with any apparatus specially appro-
priated to generation. The young appear as

genimse or buds, which at certain periods sprout
from the homogeneous parenchyma which com-
poses the body of the parent, and these buds gra-

dually assuming the form of Uie original by a
kind of veget;itive growth, become in a short

time capable of an independent existence. The
gemmiparous type of the generative function
is met with through a wider range of the .inimal

kingdom than the last, existing under modified
forms in many species of Polygastric Infusoria,

and of Polyps, as well as in Sponges, the Cys-
tiform Entozoa, and probably in some Acale-
phs.

It is in the Cystoid Entozoa that we find it in

its simplest form. In the Cysticercus and like-

wise in the Coenurus, the transparent membra-
nous bag of which the animal consists is filled

with a glairy fluid, in which occasionally young
hydatids are seen floating about. These young
Cysticerci in the earliest period of their forma-

tion are seen to pullulate from the parietes of

the parent sac, and gradually enlarging they

ultimately separate from their connexions, be-

coming detached and perfect animals.

Many of the Polygastrica are multiplied by
a similar process, of which the Votvox globator

may serve as an illustration. This beautiful ani-

malcule is a minute diaphanous globe, which

under the microscope is generally seen to con-

tain a variable number ofsmaller globules, which

are the young : these, when first discoverable,

are attached to the inner surface of the parent,

but speedily detaching themselves lliey are
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found rolling loosely within the body of the

larger animalcule, cHecting their rotatory move-
ments by the agency ofcilia of extreme minute-
ness, which under a good microscope are seen

to cover their external surface. The contained

globules having attained a sufficient maturity,

the parent volvox bursts, and thus by its own
destruction allows its progeny to escape from
their imprisonment. The multiplication of

these animalcules is effected with considerable

rapidity, and it not unfrequently happens that

even before the escape of the second generation

the gemmules of a third may be observed within

their bodies, which in like manner advancing

through similar stages of development will ter-

minate by their birth the existence of their

parent.*

It would appear from the observations of

Professor Grant, that in the sponges, notwith-

standing their different form, the process of re-

production is entirely similar. In these curious

animals the gemmules are developed in the

substance of that living parenchyma which
coats their jwrous skeletons, aiid when mature

are expelled through the fcecal orifices to com-
mence an independent existence. When sepa-

rated from the parent sponge, these gemmules,
like those of the volvox, are ciliated over a great

portion of their surface, and being thus endowed
with a power of locomotion, are enabled to

swim to a considerable distance in search of a

situation adapted to their future growth, until

having at length selected a permanent support,

they become attached, and developing within

themselves the spicular or horny skeleton pecu-

liar to their species, they gradually assume the

porous texture and particular character of the

sponge from which they were produced.

But it is in the gelatinous Polypes that we
meet with the most perfect forms of gemmi-
ferous propagation : of this the Ht/dra viridis,

orfresh-water polype, affbrdsan interesting illus-

tration, and from the facility with which it may
be procured and examined by glasses of very

ordinary powers, it is well calculated to illus-

trate the mode of generation which we are at

present considering. Tlie body of this simple

polype is transparent, and under the microscope

appears to be entirely made up of translucent

granules, without any trace of internal appara-

tus appropriated to reproduction. The gem-
mules by which it is propagated sprout from

some part of the surface, appearing first as mere
gelatinous excrescences, but gradually enlarging

they assume the form of their parent, acquiring

similar filamentary tentacles and a gastric

cavity of the same simple structure. As long

as the junction between the polype and its off-

spring continues, both seem to enjoy a commu-
nity of being, the food caught by the original one

being destined for the nourishment of both ; but

at length, the newly-formed animal having at-

tained a certain bulk, and become capable of

employing its own tentacles for the prehension

of food, detaches itself with an effort, and as-

• [Some physiologists, however, refer the genera-

tion of this creature to the tissiparotis mode. See

the succeeding article,—ED.]

sumes an independent existence. Tliis mode
of multiplication is exceedingly rapid, a few

hours sufficing for the |)erfect developement of

the young creature ; and not unfrequently even

before its separation, another gemmulc may be

observed emerging from the newly-formed

polype, soon to exhibit the same form and ex-

ercise the same functions as the parent from
which it sprouts.

The propagation of some of the lithophytous

polypes resembles that of the In/dra, the young
being produced from buds or gemmules, which
sprout from the living investment of their cal-

careous skeleton. Such are the Fuiigia, in

which the young are at first pedunculated, and
fixed to the laminai upon the upper surface of

the mass from which they spring ; in this state

they might readily be mistaken for solitary

Caryophyllia, but in time they separate from

the parent stock, and loosing the [ledicle which
originally supported them, they assume the

form of their species.

Ouijcrous generation.—In the third, and by
far the most numerous division of the animal

kingdom, the young are derived from ova or

eggs, in which the germ of the future being is

evolved, and from which the young animals

escape in a more or less perfect state.

It will be seen that the ovum which gives

birtli to all the higher animals differs essentially

from the gemma furnished by the gemmiferous

classes ; in the gemmiferous type the bud or

offshoot of the parent appears by a kind of

vegetative evolution to assume the proportions

and functions of the original from which it

sprang. The ovum we would define as a
nidus, containing not only the germ of the

future animal, but a sufficient quantity of nu-
tritious matter, serving as a pabulum to the

embryo during its earliest state of existence,

and supplying the materials for its growth until

sufficiently mature to derive them from other

sources. We have already shewn that in the

fissiparous and gemmiferous animals there is

no necessity for any special generative a|)pa-

ratus, but in the oviferous classes we find, for

the most part, a distinct system, more or less

complicated in structure, in which the repro-

ductive ova are developed and matured. It

must be confessed, however, that in the present

state of our knowledge upon this subject we
are not prepared to state liovv far the existence

of a generative system is exclusively confined

to the ovigerous type. We are well aware
that many authors describe generative canals

to exist in several of the polypiferous tribes,

although the reproductive germs produced from

them resemble in their ciliated organs of pro-

gression and mode of development the gem-
mules of less elaborately organized polypes;

yet, on the other hand, as we have abundant
evidence to prove that such polypes as have the

ovigerous canals most distinctly formed, as the

Actiniae for instance, produce their young per-

fectly organized and evidently developed from
true ova, we are content, in the present state of
our knowledge upon this subject, to regard the

presence of generative canals as co-existent

with ovigerous generation, and shall leave
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future obscrvarioiis to determine more accu-
rately the mode of reproduction in tlic corti-

ciferous )X)lypes, which is a subject at present
involved in much contradiction and obscurity.

Taking this view of tlie subject, we find,

upon cursorily glancing over the oviterous
classes of animals, that important modifications
of structure in the generative system render
further classification necessary. Jn the lower
forms, ovigerous organs oidy have been dis-

covered, in which the ova are secreted, and
when matured, escape from the body, fit in

every respect for the production of a new
animal. In other instances, in addition to the
apparatus immediately appropriated to the de-
vclopement of tlie ova, we find a superadded
portion destined to furnish a secretion which i«

essential to their fertility, forming an apjxiratus

of impregnation. Sometimes the impregnating
organs are foiuid in every individual, ap|)cnded
to the ovigerous parts, rendering each creature
sufficient for the impregnation of its own ova

:

in other instances, although each animal pos-
sesses both ovigerous and impregnating or-
gans, the cooiK'ration of two individuals or more
IS necessary to fertility; and in other cases
again, the apparatus which furnishes the ova,
and that destined to the production of the im-
pregnating fluid, are foimd in distinct indivi-
duals, distingtijshed by the appellations of
male and female : we shall accordingly di-
vide all oviparous animals into the following
groups:

—

1. Such as are provided with ovigerous
organs only.

2. Animals having, in addition to the ovige-
rous apparatus, a glandular structure, the
secretion of which is probably subservient to

the fertility of the ova.

3. Ovigerous and impregnating organs, co-
existent in each individual, but the cooperation
of two or more needftil for mutual impregna-
tion.

4. The ovigerous and impregnating appa-
ratus existing in distinct individuals.

First Division.—Animals in which ovigerous
organs only have been distinctly recognized.

It would seem from the observations of
Ehrenberg that some of the Polygastrica be-
long to this division, although the exact nature
of the generative system in such species remains
still a matter of uncertainty. In the Kolpoda
Cucullus the spawn consists of a loose mass
of ova, connected by delicate filaments, from
which the young are gradually evolved after
their extrusion from the parent animalcule, and
some of the parenchymatous Entozoa apjiear
to be similarly circumstanced.

In the Acalephae, at least in such as have
been most attentively examined, the generative
system conforms to the type at present under
consideration. From the researches of tiaede
and Eyseiihardt it appears that the ovaria are
four in number, disposed in a cruciform manner
upon die dorsal aspect of the botly or that
which is opposite to the mouth. Tliese ovaria,
which at certain seasons of the year are re-
markably distended and often beautifully

coloured, open into the interior of the itomach.
The young Medusa; are hutched in the ovaria,

and afterwards escaping into the alimentary

canals excavated in the substance of the body,
acquire in that situation a very perfect state

of development, and are ultimately excluded
through the oral aperture, or in Uie Ilhizosto-

matous species tlirough the ramified canals of

the jiedicle.

In the fleshy polypes (Actinia;) the ovigerous

system consists of long, convoluted filiform

tubes, contained between the stomach and tlie

parietes of tlie body, and separated by jxirlitions

which divide lliat space into com|>artmeiits.

These tubes are attached by a delicate mesen-
tery, and according to Spix 0[)en in an irregular

manner into the digestive cavity, into which
the ova escape. Tlie period or mode in which
the eggs arc hatched is unknown, but that the

young escape fully formed and in every point
resembling their parent through the stomachal
orifice is attested both by Dicquemare and
Blainville.*

Tlie different forms of Echinodermata pre-

sent a similar simple arrangement of the gene-
rative apparatus. In the Asteriada; each ray
is fiiniished with two clusters of short ovigerous

tubes, whicli are closed at one extremity, but
open at the other into a cavity common to each
group, lliese organs open by a series of aper-
tures placed around the circumference of tJie

mouth at the base of each ray. In the spring
these ovaria are distended with eggs of a
reddish-brown colour, which are expelled in

clusters and left upon the beach exjiosed to

the influence of the sun, where they are ulti-

mately hatched.f

The radiated type of structure is likewise

manifest in the disposition of the generative

organs of the Echinida; : in these the ovaria
are never single or simply bilobed, but are at

least four in number, or, as is generally the
case, five. Each ovigerous organ consists of
a simple dilated sacculus, which at certain

seasons is distended with ova, and at such
times in some species, as in the edible F^hinus,
the eggs are sought after as an article of food.

The ovaria open externally by a corresponding
number of simple apertures, which are placed
around the anal orifice when it is central, but
otherwise are considerably removed from this

point. Nothing analogous to a male apjiaratus

has been detected in the Ecliinida. iTie eggs
are deposited in spring in the recesses of rocks
or among the fucus which covers them ; and
before they are hatched the young may be dis-

covered in the interior partially covered with a
calcareous shell, the rest of the integument
still remaining membranous.

* Spix and Delle Chiaje uteit that there are
other hliform lubes mixed up with the ovarian ductn,

which they regard as the testes, but neither the
observations of other authors nor our own exami-
nations confirm this view of the subject.

t Tischer and Spix describe a singular flexuona
intcstiuiform organ which is found upon the dorsal
aspect of the stomach as a male apparatus, and
Blainville considers this pan as in some dcgrco
connected with generation.

2 E
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Tlie Holotliuridoe present in the elongated
form of their bodies an evident approximation
to the annnlose type of structure, and a propor-

tionate concentration of the generative system
;

in these we find but one ovary floating loosely

in the visceral cavity, and composed ofnumerous
very long cceca, which terminate by a single

orifice placed on the median line, near the oral

extremity of the animal.* The eggs when dis-

charged are connected into masses composed
of long strings of ova, but the mode of their

development is but little known.
Altliongh froiTi the relations of the Mollus-

cous division of the animal kingdom we miglit

infer that a more elevated ty]ie of structure

would characterize their organs of reproduction,

the present state of our knowledge of the

anatomy of these creatures compels us to arrange
the lowest orders of that extensive class with

those tribes which only possess an ovigerous

system ; for although an androgynous confor-

mation is presumed by many to e.xist in all

Ijivalves, the presence of any superadded im-
pregnating portion has not yet been pointed
out, and even the course of the ova in their

passage from the ovarian cavity remains a mat-
ter of speculation. In the Conchiferous order,

from causes sufficiently obvious when we con-
sider the peculiar structure of the animals
which compose it, the full development of

their numerous ova could not be accom-
plished in the ovary itself, which occupies a
large portion of the body, as any material in-

crease of bulk produced from this cause would
materially interfere with the closing of the

shell ; at an early period, therefore, the ova
are transferred from the nidus in which they
were formed to the branchial fringes, between
tl)€ lamina; of which they perfect their growth,
and are fully expo.5cd to the influence of the

element around them. Oken traced a canal
through wliich he supposed the ova to be con-
veyed directly from the ovaria to the gills ;-!

but notwithstanding his observations Carus
contends J that the eggs pass into the stomach
through one of the openings hitherto considered

as belon^iing exclusively to the biliary ducts,

whence they are evacuated through the month
and conveyed into the openings of the gills

by the water wliich flows between the pallial

lamina; fiom before backwards, and ultimately

escape by two canals whichopen below the anal

tubes.

In the Tunicata, and also in those forms of

the Gasteropodous Mollusca which most nearly

approximate the Conchifera in the details of

their organization, the ovary is imbedded in

the substance of the liver, and the ova are dis-

• Herp, also, Blainville conjectures that there is

a supplementary impregnating portion, but it is

evident tliat in a treatise like the present it

would be worse than useless to recapitulate the
surmises of authors upon subjects only capable of
Boiution by positive demonstration, and we shall

therefore endeavour rather to adhere strittly to the
narration of what is clearly established by observa-

tion, than to indicate what theory or analogy would
lead us to suspect.

t Goettin^', gel. Anzeigen, 1806.

j Introduct. to Comp. Anat.

charged through a simple duct, unprovided

with any appendage which can be looked upon
as a male ap])aratus. It is true, indeed, that

in all these cases the walls of the oviduct may
themselves furnish a fertilizing fluid, and by
many physiologists they are supposed thus to

supply the want of male parts ; such an hypo-
thesis, however, is, to say the least of it,

entirely gratuitous ; but as it is more our busi-

ness to trace the development of organs than

the modes in which their deficiency may be
supplied, we are content to leave the question

without further discussion in this place.

Second Division.—Animals provided with

ovigerous organs combined with an addi-

tional secreting structure, probably sub-

servient to thej'crtilizotinn of the ova.

In this type of the generative system it must
be obvious that the function attributed to the

superadded portion is by no means indubitably

substantiated, the opinions of physiologists

relating to its office being rather based upon
analogical reasoning than supported by direct

evidence; and, in fact, some authors deny
entirely that a necessity for the impregnation

of the ova is more evident in this division than

in the last. Nevertheless, although it is im-

possible distinctly to prove the identity in

function between the appended portion and
the testis of higher forms of organization, the

evidence afforded from the position which it

invariably occupies, and from the considera..

tion of the pans connected with generation in

dioecious animals to which we are insensibly

conducted by this species of Ilermaphrodism,

is sufficiently cogent to warrant our application

o( tlie term ovarium to the nidus wherein the

ova are produced, and to justify us in designa-

ting the accessory organ as a testis or apparatus

for impregnation.

The Ta;nioid Sterelmintha furnish us with

one of the simplest examples of this arrange-

ment of the generative organs. In the long

and tape-like bodies of these Entozoa each

segment, with the exception of the smaller ones

near the head, possesses distinct ovigerous and
impregnating structures. The female part of

the apparatus occupies the centre of the joint,

and consists of lateral tubes ramifying from a

central canal, which at times may be seen to

be full of minute granular ova. From these

ovigerous canals a duct issues, which commu-
nicates with the lateral pore and receives before

its termination two delicate tubes, recognizable

under the microscope as dark lines imbedded
in the pulpy segment, and which may be pre-

sumed to furnish an impregnating secretion.

In the liotifera, or wheel-animalcules, the

female apparatus consists of two long and

comparatively wide sacculi, in which the ova

are developed ; tliese open at the anal orifice,

and receive near this point two narrow coeca,

which, as in the last case, may secrete a fer-

tilizing fluid, serving to impregnate the eggs

prior to their expulsion. The ova of these

minute creatures, before the escape of the

young, are exceedingly beautiful subjects for

the microscope, the wheels of the embryo
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being easily distingiiislied in rapid adiuii

tlirougli the pellucid coverings of the egg.

In tlic Cirrhopoda we have most probably

an example of ttiis nio«le of generation, pre-

suming, that is, that the opinions of Cuvier

upon this subject are correct. These opinions,

it is true, have been disputed by various

authorities, as will be evident on reference

to the article Ciiirhopoda ; but their correct-

ness has been so fully supported by tlie

dissections of John Hunter, recently given

to the world,* that it seems best at least to

pause before repudiating the conclusions to

which these great anatomists, unacquainted
with the labours of each other, were indivi-

dually conducted. In the Cirripeds the ovaria

are two in number, placed on each side of

the stomach ; the two oviducts which proceed

from these iniite to form a single elongated

tube, the parietes of which are thick and
apparently glandular. It is evident that in this

case the walls of the common canal, or ovipo-

sitor as it is usually termed, may serve to

secrete a seminal fluid, impregnating the eggs
at the period of their extrusion ; and such,

in the opinion of the authors above mentioned,
is a part of its office.

Third Division.—Ovigerou) and impreg-

nating organs co-existent, but the co-

operation of two individuals nccessari/

tor mutual impregnation.

This arrangement of the generative system
occurs in some of the Parenchymatous Rntozoa,

in the Annelida, and also in the Pteropod and
some Gasteropod Mollusca. Some of the

Entozoa, as Fasciola and Plumiria, furnish

the simplest examples of this hermaphrodite
condition. In these creatures the male organs

consist of spermatic cceca, communicating with

a minute extensible penis, which is placed

behind the oral sucker. Near the penis a
small orifice is seen, leading to the ovigerous

canals, which have no communication with
the impregnating apparatus ; and the copula-

tion of two individuals is thus indispensable

to a reciprocal fertilization of the ova.

Those of the Annelida in which the gene-
rative system is l)est understood are androgy-
nous, and mutually im|)regnate each other,

although it is probable that in the tubicolous

genera, which are immoveably fixed to the

same spot, and almost deprived of locomotion,

each individual may in itself be sufficient for

reproduction.

In the Abranchiate and Dorsibranchiate
Anneli<la the male apparatus is composed of
several pairs of secreting bodies, arranged on
each side of the mesial plane, those of the

same side communicating with each other by
a common vas deferens. In the Leech the

vasa delerentia, which convey the secretion of

the numerous testicular masses, terminate in

a long protractile tubular penis, and at a short

distance behind this the opening which leads

• Catalogue of the Physiological Series of Com-
paralive Anatom; contained in the Huntcrian
Collection, vol. i.

to the female parts may be discovered. These
latter consist of a simple uterine sacculus, or

receptacle for the ova, to which two minute
ovaries are appended. The congress of two
individuals is effected by the reciprocal in-

troduction of the organs of intromission into

the vulva;. In the Earthworm and Nais the

intromittent a])paratus is deficient, so that

some authors have even doubted that the

process of copulation, which is undeniably
essential to fecundity, does more than stimulate

each individual to self-impregnation. In the

Eartli-worm, as well as in Arenicola and
Aphrodita, the ova, after escaping firom the

ovaria, are retained in the cellular meshes
which surround the alimentary canal, in wliich

they are not unfrequently hatched, the young
being most probably expelled through a tubular

aperture at the posterior extremity of the body.
As regards the generative system, the Pte-

ropod Mollusca Eipproximate the more complex
type seen in the Gasteropoda. In Clio boreulis,

the ovary, which is partially enveloped by the

liver, gives off" a slender duct, which, after

a short course, plunges into a glandular tube ;

this, becoming gradually narrower, terminates

in a round sac placed on tlie left side of the

head, where it opens externally : near this

point is the penis, or organ of intromission,

communicating with a small sacculus, by
which the male secretion is probably furnished.

TeMtit of Hdix.

The most complicated forms of this species

of herinaphrod ism are met with in the Gas-
teroixxl division of Mollusca, existing through-

out the Nudibranchiate, Tectibranchiate, In-

ferobranchiate, and Heteropod orders, as well

as in those pulmonary genera which are un-
provided with a calcareous operculum. In
all these cases the testis is single and divided

into lobuli, connected together by the divisions

of the vas deferens so as to exhibit a racemose

arrangement, and each lobule, on minute in-

spection, is found to consist of little peduncu-
lated vesicles (fig. 200). A slender vas defe-

rens conducts the secretion of this testicle to

the base of an intromittent organ of a most sin-

gular description ; this is a muscular tube of

great length, which, when not in use, is in-

verted and concealed within the body, but ca-

pable of protrusion at the will of the animal.

The female portion of this system is comiX)sed

of one ovary, provided with an ample and
tortuous oviduct, which serves, indeed, as a
kind of uterus or egg receptacle, wherein the

2 E 3
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ova are retaiinwl until ripe for extrusion.
Near the tPTmiiialicn of tliis oviduct arc placed
several additional ajipendages, some of which
are apparently destined to furnish an invest-
ment for the ova, whilst one, vvhith is con-
st;intly present, is probably a reservoir for the
seminal Huid required to fertilize the eggs
as they arc expelled. (See Gasteuoi-oda.)'

The external parts are so disposed that
during the copulation of two individuals the
male organ of each is introduced into the
orifice leading to the female apparatus of the
other, both thus impregnating and being im-
pregnated at the same time.

In T.ymitffji^ stngniilis we have a curious
exception to this mode of copulation, for in

this animal the sexual organs are so placed
that mutual impregnation is impossible, and
accordingly fecundation is accomplished by a
combination of individuals, each of which
IJerforms the olficc of a male to another, while
to a third it acts the part of a female, and long
strings of tliem are often seen thus united.

Fourth Division.—Sexes diatinct, that is,

the ovigerom and impregjiuting organs
placed in separate individaals.

This type of the reproductive apparatus
extends through a wide range of animals, and
is found in a great niimber of classes utterly

dissimilar in outward form and internal struc-
ture ; so that, in order to give a connected view
of the comparative organization of the parts
of generation, we shall be unavoidably com-
pelled to group together animals widely sei)a-

rated by the laws of zoological arrangement.
Feeling, however, that by so doing we shall

lay before our readers a much more easily

intelligible comparison of the organs belonging
to our subject, we shall not scruple to bring
together, in one view, analogous forms of the

generative apparatus, in whatever classes they
may be found. Animals in which the sexes

are distinct may be divided into three classes

;

the first including such as are ovijiarous, the

second embracing the ovo-vivijiarous orders,

while the third will comprehend the strictly

viviparous animals. It will be seen that

the terms here employed have been used
from time immemorial, but nevertheless in a
widely different sense to that in which the

present state of our knowledge sanctions

their application. To us it appears that we
ought to regard all creatures as ovipa-

rous whose offspring, at the period of their

escape from the ovum, are sufficiently mature
to admit of their independent existence. In
the ovo-vivi parous division, on the contrary,

the ova are hatched and the embryo expelled

at an early period of its formation ; the embryo
is thus born in an extremely imperfect state,

the materials for its future developement being

supplied by the mammary secretion of the

parent ; such is the case with all the marsuiiial

orders. In the vivipara the earliest stages of

growth are precisely similar to those which
mark the progress of evolution in the ovi-

parous type, and the provisions made for

the nourishment of the rudimentary being in

every respect analogous ; the great distinction

consists in the subsequent maturation of the

embryo within a uterine cavity, and the forma-

tion of a placenta, which chiiracterizes the

highest form of mammiferous animals.

The oviparous classes, which form by far

the most numerous division, produce their

young from ova, in which the germs of the

future beings are developed for the most part

subsequent to the expulsion of the egg from
the body of the parent. In this case the

ovum necessarily contains a sufficient store of

nourishment for the support of the embryo
during the whole period of foetal life, at the

termination of whicli it is produced in a suffi-

ciently advanced stage of its growth to render

it capable of independent existence. It will

readily be perceived that under this division

we include many animals which, according

to the old meaning of the terms, were looked

upon as ovo-viviparous or vivijiarous in their

mode of reproduction ; a distinction which, as

the words have been hitherto applied, api>ear3

to the writer by no means sufficiently grounded

upon physiological views to admit of its conti-

nuance. It is certainly very true that some ani-

mals included in this division are found to pro-

duce their young in a living state ; but the mere
hatching of the egg within the oviductus of

the mother, instead of subsequent to its ex-

pulsion, is not a circumstance of sufficient

importance to be regarded as constituting

another type of the generative process, more
especially as such an occurrence is entirely

fortuitous, observation having proved that the

same animal at one time produces its young alive

and at another in the egg state, in obedience

to circumstances connected with food, tem-

perature, or confinement. Widi this extension

of the term, oviparous animals in which the

sexes are distinct will be found in many classes

belonging to the diploneurose, cyclogangliate,

and vertebrate divisions of the animal kingdom,
combined with modifications in the structure

and arrangement of the generative apparatus,

which it will be our business to trace.

The earliest appearance of this type is found

in the cavitary Entozoa (CiElelmintha), and the

sexual organs, both in the male and female

of these creatures, may be regarded as ex-

hibiting the greatest possible simjilicity of
structure, consisting merely of secreting tubes,

which in one sex produce the seminal fluid,

in tlie other develope the ova. The seminal

organ, or testis of the male, is generally a
single tube of extreme length and tenuity,

winding in large folds around the alimentary

canal, and occupying a large portion of the

abdominal cavity ; when unravelled, its length

is found to be many times that of the animal

;

at one extremity it dwindles down to a filament

of the utmost tenuity, vvhich floats loosely

in the juices of the liody, whilst at the op-

posite end it terminates in a prolonged tubular

penis, or organ of intromission, placed near

the anal orifice. In the females of some
species, as in Ascaris, the ovigerous system

is composed of two tubes, each exceeding in

length and tortuosity the seminal vessel of the
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male, and measuring in tome cases upwards
of six feet. Tliese tubes, after becoming cou-

sidembly increa.se<l in size so as to form a

kind of receptacle for tlie ova wliicli they

gencrjte, unite |)rior to tbeir tennination in

the vulva, the aperture of which is found upon
the ventral surface of the l)ody at about one
third of its leiiyth from the anterior extremity.

In Strongylus the ovarian tube is single, and
its orifice nearer to the mouth. In many
species, as Filaria, the young are produced
alive, the ova being hatched in the oviduct,

a sutiicient proof of internal impregnation

having lieen accomplished.

The Myriupotla, in every part of tlieir struc-

ture, fomi the transition from the AnntltJu to

the articulated classes properly so called. They
are divided by entomologists into two classes,

the lutida or Chilugnutha, and the Scolopai-

driJte or Chitopodti, a division strictly in con-

formity with tlieir internal structure; llie former

in fact represent the Annelida; like the Abran-
chiate division of that class, they breathe by
air-sacs, communicating with spiracles seen

ui)on the exterior of their bodies. Tlie Scolo-

pendne, on the contrary, respire by trachea:,

which permeate their viscera, 33 in the insect

classes. In the generative system of these

creatures a similar relationship is evident. In
lulun, the generative system occupies the ante-

rior segments of the body, the sexual apertures

being found uixm the rings near the cephalie

extremity, whilst in Scolopendra they are placed,

as in insects, near the anal orifice. As regards

the internal sexual organs of lulus, but little is

known conclusively, and our own researches

upon this point have not been sufficiently satis-

factory to enable us to speak positively con-

cerning tliem, although the result leads us to

suspect that in these creatures not only are the

sexual (larts analogous to those of the Anne-
lida, but that, as in many of that class, the ova
are retained in cellular interstices surrounding

the intestinal canal for some time prior to their

expulsion.

In the Scolopendra the generative organs are

more easdy disthiguishabic, and much resem-
ble those of insects ; they are, however, exceed-
ingly curious. Ivjtg. 201 we have represented

the male apparatus of the Si:olo]>cnaru morti-

tanx. The testes (n, «, a) are seven in number,
and closely packed in parallel lines; each testis

is composed of two parts, )>recisely similar to

each other, which are seen separate at b ; fix)m

e;icl) extremity of the fusiform testis arises a
narrow duct, so that there are fourteen pairs of
ducts arising from the fourteen secreting organs.

Each of the testicular bodies is hollow inter-

nally. The ducts ultimately end in a common
tube ((), which soon becomes enlarged and
tortuous, terniinating by a simple aperture near

the uiuis. .lust prior to its termination, the en-
large<l canal receives five accessory glands, four
of which ((/, (/, d, d) are intimately united, until

unravelled, as seen in the figure, while the fifth

(t) is a simple coicuni of considerable length.

Hie ovarian system of the female Scolopen-
dra is a single lube, apparently without secon-
dary ramificutiuns.

Fid. Ml.

Male generative organt of the Scolopenira mmiilam.

hisecls.—In the numerous and diversified

tribes of the insect world a great uniformity is

observable in the general arrangement of the

generative apparatus. Tlie sexes are invariably

separate, but while the internal organs are con-
stantly double and symmetrically disjx>sed on
both sides of the mesial plane, the external

parts which are subservient to copulation are

removed to the iX)sterior extremity of the body,

and are single. Tliroughout the whole class

the sexual system only arrives at that state of

perfection which is compatible with reproduc-

tion in the perfect or imago state of the animal,

although it may be detected in a rudimentary

form even in the larva, being gradually more
and more j)erfected during the developement
of the pupa. The business of procreation in

insects thus exclusively belonging to the per-

fectly formed creature, is accomplished only at

the lerminalion of their existence, and the whole

trilx! is remarkable from this circumstance.

The internal generative organs in male in-

sects are described as consisting of three por-

tions, the testes with their vasa deferentia, the

vesicula; seminales, and the canalis cxcretorius.

The testes, or, in other words, those portions of

the apparatus which are supposed to furnish

the essential \a.xi of the fecundating; fluid, like

the rest of the glandular system, con-isl of caca

ov utricles floating loosely in the abdominal
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cavity, immersed in tlie juices of the body,
from which they derive their secretion. Nevei-
tlieless, althoiigli essentially constructed upon
similar principles, the testicular ca-ca present a

singular diversity of form in different genera,

and some of the modifications are sufficiently

curious, although in the present slate of our

knowledge it would he hopeless to attempt to

explain the reason of their existence. Miiller,

from a comparison of the researches of various

authors upon this subject, has given the follow-

ing summary of the principal forms of the

sperm-secretmg organs, and although the cata-

logue of varieties might doubtless be considera-

bly extended, those given will abundantly an-

swer our present purpose. Beginning from the

tubular vessel, which is the simplest form of

the testis, he traces it through the various com-
plications here enumerated.

1. Simple tubes not branched, but more or

less convoluted and closed at one extre-

mity.

2. Spiral tubes similarly closed, as in Spho-

driis ierricola.

3. Spiral tubes rolled up into little balls, as

in Carabus uurutus, Aptinus displosor,

Dytiscus, &c.

4. Simple tubes irregularly branched, each

branch vesicular near its extremity, as

in Pr'wnus corUirius.

5. Simple tubes, divided in a verticillate

manner, each division being terminated

by a capsule ; Scaiubaus nuskurnis,

(Swammerdara.)
6. Simple tubes, divided as the last, but

each division ending in a vesicle, as in

Trichiusfusciutus.

7. Simple tubes ending in stellated capsules,

the apices of which are produced into

slender tubes ; iiepu cinereu, (Swam-
merdam.)

8. Simple tubes giving off a series of canals,

each of which is terminated by a disc-

shaped capsule ; Ceturiiu uurutu.

9. Simple tubes, ending in flower-shaped

capsules, i. c. each capsule consisting

of a central vesicle, with other smaller

ones placed around it, as in Asida gigits,

CEdemcra calcarutu, Viupcris viotuceu,

Tenebrio obscurus, CEdemera caruka,

&c.
10. Simple tubes, each terminated by a trans-

verse capsule, resembling the anther of

a flower, as in Apis, Sombyx, Semis,

Culviniu, &c.

11. Simple tubes, dividing into minute radia-

ting utricles ; Bostrichus capucinus.

12. Simple tubes, each terminated by a cap-

sule, which is covered externally with

innumerable little vesicles or utricles, as

in Musca asilus, Eluler murinus, Blitps

gigus, Tckphortisjiiscus.

13. Simple tubes, ending in an elongated sac-

culu3,to the sides of which are appended

small vesicles arranged in longitudinal

rows, as in Sciiiblis bicnudula.

14. Simple tubes terminating in verticillate

utricles, as in Clcriis ulveolurins.

15. Simple tubes, from which arise utticles

Fig. 202.

arranged like the teeth of a comb, as in

Hi/dniphitus piceits.

16. Simple tubes, terminated by a simple sac-

culus ; Oi/rinus nututor.

17. Simple tubes, terminated by a bunch of
vesicles.

18. Simple tubes, dividing into minute canals,

forming a kind of cauda equina; Tri-

chodes apiurius.

19. Branched tubes, each branch being termi-

nated by a vesicle, as in Stapliilinus

viiuilliisiis. ( Fig. 202
.)

20. Tubes very much branched, some of the

ramusculi ending in bunches of leaf-

like utricles, others dilating into pe-
dunculated vesicles ; Sylpliu obscu7-a.

(Fig. 203.)

21. Simple loculated utricles, as in Ephe-
mera.

It is manifest from this sur-

vey that, although the secern-

ing organs difli^r so much in

form, the canals composing
them invariably terminate in

blind extremities ; nor is it

less obvious that the nature

of the testis does not depend
upon any peculiar arrange-

ment of the seminal tubes, but

upon the increase of surface

obtained by the various ar-

rangement of the vessels. Se-

cretion, therefore, here, as in

every other case, is effected by
the internal surface of tubes,

utricles, sacculi, &c. the same
end being accomplished in

some cases by means of vei-y

long simple canals, which in

others is effected by smaller Testicle of Staphy-
branches, tubes, or agglorae- Unua maxiUoms.

rated vesicles.

Fig. 203.

Testicle of Silpha obacura.

Appended to the excretory ducts of the testi-

cular org;ins, near their termination, is found a

group of coecal tubes, evidently destined to

provide an accessory secretion; these have been

named from analogy vesicutcc seminales. They
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vary much in iheir rorm, being itoiiietiines elon-

gated, tortuous, convoluted, or venlricose, or at

others sliort and straiglit. llie seminal vesicles are

gonenilly two in number, even in those Lepi-
doptera in which the testis is single. In some
insects, as Tciitlirh itwlitor and Ili/clropliilus

I'Ueus, tliere are four; in others, as Di/tiscus

tiiurghittUs, six ; and in Locusla and Blalla,

they are very numerous. In some in.sects these

tubes are found to be of surprising length;

thus in Ori/vlis iitniconiis they are twenty
times as long as the body,and in Celoniu uurata
even sixty times the length of the animal. Tlie

vasa deferentia and vesicuhu seminales ulti-

mately terminate in one common tube, the ca-

nalis excrelorius, which communicates with the

root of tlie penis; this canal is composed of
muscular walls largely supplied with tracheal

vessels, serving as a receptacle for the genital

secretions, and no doubt is the agent by which,
during coition, their expulsion is effected. The
penis of insects is a hollow tube, capable of
rwing protruded from the anal extremity of the

body : its texture is generally membranous,
but sometimes horny, and its shape exhibits

considerable variety ; it is usually cylindrical

or nearly so, becoming more slender towards
its termination. In Chermis pi/nts, however,
the end is enlarged ; in the common wasp
it is spoon-sliaj)ed ; in Crubro bilobed, and in

some Vi:sp<e curved and bifid at its extremity.

In Miisca vivipura its apex is covered with
spines ; in Ti/riip/iagu piitris and some other
Muscida; it is spiral. The penis of Coleoptera
is furnished with a bivalve sheath, destined to

open the vulva of the female prior to its inser-

tion. In some Diptera (Muscida.) a remark-
able inversion of the usual arrangement of the

organs of copulation is observable ; in these the

females are provided with a retractile penis,

whilst in the males the generative ap|)aratus

terminates by a simple aperture. During coi-

tion in this case, it is the penis of the female
which is introduced into the genital opening of
the male, and thus becomes the recipient of tlie

fecundating Huid. The Dragon-tlies (Libel-
lula) are remarkable from the jxjsition which
the male organ is found to occupy, being placed
under the anterior part of the elongated abdo-
men, but in the female the sexual aperture
occupies the usual situation near the anus.
This arrangement accounts for the singular
position which these insects assume during
copulation.

In addition to the organs above enumerated
as composing the male system in insects, we
may notice appendages which are found in

some tribes which materially assist in effecting

the intercourse of the sexes : these are named
pieliiiisoies, and serve to seize and secure the
female during coitus. These holders assume a
great variety of shapes, and likewise are diffe-^

rently disjwsed according to circumstances.
They generally surround the aperture through
which the penis is extruded, but in Libellula
the mode in which the sexes embrace each
otlur lenders additional security indispcnsiible;
in tins tribe, therefore, besides the anal piehen-
tcrcs, an additional pair of forceps is placed

under the aecoud abdoreiiial segment. The
ppehensores are generally two in number; but
in many Lepidoplera, C'onopis and Liltelliila,

three are placeu around the anus. In C'ultx

there are two pairs. In Lorutta murliUtunt

there are five, and in Formica six holders. In

some tribes, as Megachilis, Agrionidas, and
Locusta, they are retracted within the abduiueii

when not employed.
In insects the ovigerous or female generative

ajiparatus consists likewise essentially of tubes
or cceca, the arrangement of which is tolerably

uniform. They may be divided into the ovaria,

the oviducts, the sperniotheca, or receptacle

for the seminal fluid of the male, the accessory

glauds, and the ovipositor, which latter is, in

many insects, an instrument adapted to intro-

duce the eggs at the period of their extrusion

into situations suited to their develo])emcnt.

The ovaria are double throughout the whole
class, each being composed of a variable num-
ber of membranous tubes arising from the

oviduct. Kifferschweils considers the ovaries

to be formed upon two primary types, being
eitixerJIagiUtfonn, that is, com|K)sed of conical

tubes of equal length, which are inserted at the

same jilace at the extremity of the oviduc-t, as

in tlie Lepidoptcra, ihe Bee,iic.; or racemose,
consisting of short conical tubes, so proceeding
from the primary branches as to render the

ovary racemose or pinnated, such as they are

in many Niiiroptera, Coleoptera, and Diptera.
Tlie number of tubes composing each ovary

varies in different genera and species ; some-
times there are but two, at others four, five,

six, eight, or twelve, and in the more prolific

insects this number is much increa.sed ; thus, in

Acrida viridissima there are thirty, and in tho

hive-bee not fewer than a hundred and fifty

ccpca in each ovarian packet. The number of

eggs will of cuurss depend upon the number
and divisions of these ovarian tubes, and thus
while some insects only lay two, four, or six

eggs, others will produce sixty or seventy, and
some gregarious insects a much greater num-
ber : thus the hive-bee will probably give birth

to many thousand young, and in the Tennile
ant (Termes bcllicnsus) the fecundity of the

female is absolutely incalculable. This extra-

ordinary fertility renders indispensable certain

restrictions which we find imposed upon this

numerous class, tending materially to limit

their excessive multiplication. Thus, through-

out the whole race one generation only is pro-

duced from the same insect, the business of

reproduction being usually llie termination of

its existence ; and in the most prolific tribes,

namely, those which live in society, as the Bie
an<l the Ttntiite, one female only in each com-
munity is found to be fertile, the sexual organs

of all the rest remaining in a rudimentary or

undeveloped state, although capable of de-

velopement, should the destruction of the

queen render such a provision for the preserva-

tion of the race indispensably necessary. (See
iNSEfTA.)

The oviductus or excretory canal common
to the ovarian tubes of the corres|X)nding side

of the body, sometimes opens into the cloaca.
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the eggs oscnping by the aiml passage ; but in

other cases, having joined that of the opposite

side, it terminates externally by a distinct

aperture ; near its extremity, however, it re-

ceives the auxiliary tubes or coeca, namely,
the spermolhcca and the accessory glands.

The spcnnutltcca is a membranous saccu-

lus of varying size and shape, regarded by
IJerold and ftlalpighi as a rocepUicle in

wliich the seminal fluid of tlie male is de-

posited and retained,—an opinion which has

been sanctioned by subsequent anatomists ; it

is found only in such insects as deposit tlieir

eggs in slow succession, and is presumed to

be a provision for the gradual fertilization of

the ova during their transit tlirough the ovi-

duct. It is only upon this supposition that it

is possible to account for the impregnation of

some insects which are employed for a long

period in the business of OTiposition, as is the

ease, for instance, with tlie hive-bee, in whicli a

single coitus fertilizes all the eggs tliat are laid

for a space of two years, aniountuig some-
times to twenty or tliiity thousimd in number;
and yet, in this case, it is dillicult to conceive

how so small a reservoir, scarcely larger in-

deed than the head of a pin, can retain a

sufficiency of this fluid for such a purpose, a

difficulty which is scarcely lessened by admit-

ting the hypothesis of Dr. Ilaighton, who refers

the act of impregnation rather to some pene-

trating effluvium or uuru semi7iulis, whidi the

seminal liquor may emit duruig a long period,

than to actual contact between the semen and
the ova.

The auxiliary glands (glimduLe tuccentu-

rlutte), which are appended to tlie oviduct of

insects, perform an office which is by no means
satisfactorily determined ; tire most usual sup-
position is that they furnish some secretion

connected with the investment of the ova,

either for the completion of the shell, or, as is

more probably the case, for the purpose of

uniting them together by a tenacious mucus
into the long strings or masses in which tliey

are not unfrequcntly extruded. The structure

of these secerning coeca differs in different

insects, but will be found to conform in most
cases to one or other of the following types :

—

1. Most frequently they are merely elon-

gated tubes closed at one extremity while the

other opens into the oviduct.

2. In some cases the primary coeca give off

secondary branches.

3. In others, as in Hippoliosca, they are

ramified tubes terminated by blind canals.

4. In Eldtcr Murinus they present a very

remarkable structure, being composed of a

number of triangular capsules united by canals

arising from each angle until the terminal vessels

are reduced to simjde coeca.

The ovipositor is the last part of the female

genenitive ajjparatus of insects which we have
to notice. This singular a]ipeiidage to the

oviduct presents many varieties in its structure,

being adapted to the introduction ofthe ova into

certain localities either fitted for their matu-
ration, or, as is more frequently the case,

suited to the necessities of the larva after its

escape fVom the egg ; but a detailed account

of the forms which tjiis organ assumes in dif-

ferent tribes would necessarily be incompatible

with the limits of this article, and the reader is

therefore referred for further information to the

article Insecta.
Some insects are ovo-viviparous in a mo-

dified sense, and their offspring are produced
in the larva or even in the pupa state, the eggs

being hatched in the body of the parent, and
the young matured to a certain extent before

they are exjiellcd. In such cases the oviducts

unite to form a capacious matrix, in which at

certain seasons the larvse are contained either

agglomerated in masses, or arranged parallel

with each otlier in flat bands. In his state

each larva is invested in a delicate membra-
nous bag. It is remarkable tliat all these larva;

are carnivorous, their office being to remove
putrifying flesh ; hence the necessity of their

being produced in such a state as immediately

to commence the woik to which they are des-

tined.

Some Aphides, or plant-lice, are ovo-vivi-

parous in the early part of the year, but ovi-

parous as winter approaches,—a provision evi-

dently intended to secure the preservation of

the embryo during tlie inclement season, the

eggs remaining unhatched until the return of

spring.

The Aphides likewise in their mode of gene-

ration furnish the physiologist with one of the

most extraordinary anomalies met with in the

animal kingdom. From an accurate series of

observations, first instituted by Bonnet, and
subsequently confirmed by the indefatigable

Lyonnet, it is now received as an established

fact that the females of these insects have the

faculty of giving birth to young ones witliout

having had any intercourse with the other sex.

From the experiments of these naturalists it

appears to have been incontestably proved that

if a female Aphis at the moment of its birth

be rigorously kept from communication with

others of its species, it will, if supplied with

proper food, give birth to a brood of young
ones, and not only so, but if one of the off-

spring so produced be similarly treated, it like-

wise will prove fruitful, and so on to the fifth

generation, according to Bonnet, or even still

further, as Lyonnet afterwards ascertained.

Bonnet sup|)osed, in explanation of this cir-

cumsUmce, that the Aphides are truly andro-

gynous, each being possessed both of ovige-

rous and impregnating organs
;
yet this sup-

position is incompatible with the fact, that tlie

male insect is almost as common as the female,

and that the sexes copulate in the usual manner
during the termination of the summer season.

The only solution of this phenomenon appears
to be that one intercourse with the male suf-

fices for the impregnation of all the females

which in one season spring from the same
union. But the Ap/iidts are not the only ex-

amples of this curious fact, as some of the

Branchiopod Crustaceans, as Vap/iiiia penuota,
j\Iiill. ( Moiwctilus pidex, L.J are equally ca-

llable of producing fertile females through

se\eral successive generations ; ne\ ertheless
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both Bonnet and Jurinc observed that the fe-

male Aphides and liranchiupuds that were
fertile without the usual intercourse of the

sexes were less fruitful than their mother, and
those of the last generation less so than the

first.

Aracliniila.— In the Arachnida the gene-

rative system, both in the male and female,

is even more simple than that of insects. The
testes of the male are two in number, each

being ail elong-ated membranous bag, closed at

one extremity, whilst the opposite is conti-

nuous with a slender and tortuous vas deferens,

the terminations of which are indicated ex-

ternally by two very small orifices distinguish-

able on the under surface of the abdomen near

its junction with the thorax. The apertures

through which the seminal fluid is discharged

are totally unprovided with any apparatus of

intromission or excitement; in lieu of which
many genera are provided with a singular sub-

stitute, or at least with an organ supposed by
some authors to be an exciting organ. Tliis is

found at the extremity of the maxillary palpus,

but for a detailed account of its structure and
presumed functions the reader is referred to the

article Auachnida.
The female organs of the Araneidie are

equally devoid of complication. The ovaries

are simple membranous bags, which occupy
when distended a considerable portion of the

abdomen, and are found to contain ova ag-

gr(?gated together in considerable numbers.
From each of these ovigerous sacs a short

canal leads to an aperture situated near the

base of the abdomen, through which, when
mature, the ova are discharged. The most re-

markable circumstance observable in this form
of the generative system is the complete sepa-

ration which exists between the sexual organs

of the two sides of the body, which, both in

the male and female, not only do not com-
municate internally, but ojien upon the exterior

by distinct apertures; the insulation is, in fact,

so perfect that in some cases the eggs gene-
rated in the two ovaria are laid at distinct and
distant periods. According to Audebert some
spiders are rendered fertile for several years by
one intercourse with the male.

In the Scor|)ions the male generative ap-
paratus consists of a testis comiX)sed of nu-
merous tubes united together, so as to form a
series of loops, the secretion of which is dis-

charged externally by a double penis resembling
that of some reptiles, which is protruded
through a valvular aperture seen ujxjn the

ventral surface of the thorax.

The female organs of the Scorpion, like

those of the male, are composed of loops of

tubes, uniting together at different points, and
when distended with ova resembling a neck-
lace of beads : they open by two canals, (vol. i.

Jig. 84, r, p. 20.')), at the same point which the

sexual aperture of the male has been seen to oc-
cupy, each having a small ctecum or succentu-
riate gland appended near its termination. The
eggs of Scorpions arc hatched in the oviducts,

and the progress of the devclopemcnt of the

embryo maybe easily distinguished through the

transparent coals of the oTum, resembling most
accurately that observed by flerold in the evo-

lution of tlie young spiders, figures of which
are given elsewhere.*

Crustacea.—As in the Arachnida, the gene-
rative system of Crustaceans is for the most
part double, the parta belonging to the two
sides of tlie body being generally completely

distinct from each other, not only internally

but at their termination. In the higher orders

the testes of the male and the ovaries of the

other sex are found to be situated in the doi-sal

region of the thorax ; in both cases these

organs apiiear at first sight to be of a dense
glandular structure, but, on examination, are

found to be essentially composed of tubular

convolutions. In both the male and the fe-

male, the excretory canals are simple tubes,

which, after some convolutions, terminate in tlie

male by prominent apertures, found upon the

coxal portion of the fifth or posterior pair of

true legs, and in the female by similar open-
ings at the base of the third pair.

As in Insects, the female organs have in

many genera a sacculated appendage, or copu-
latory pouch as it is termed, which is, in fact,

analoL;ous in function to the spermotheca of
insects, serving as a reservoir in which tlie

male semen is detained for tlie puriwse of im-
pregnating the eggs as they successively escape
from the body. After their exclusion firom the
oviduct tlie eggs of Crustaceans are generally

carried about by the female. In the Decapoda
they are appended by a glutinous material to

the false feet situated under tlie tail. In the
Isoputla and others they are rctainc<l in recep-

tacles formed by scales placed under the ab-
domen, whilst in the Kntomostracous forms,
as well as in many Kpizoa approximating the
Crustacea in structure, a remarkable provision

is made for perfecting the eggs external to the

botlics of these minute creatures, the females
being provided with one or two membranous
sacs a])pended to the iXKterior [xut of the
abdomen, into which the oviducts open, and in

which the ova are retained until they arrive at
maturity.

Mollusctt.— Several of the more periectly

organised Mollnsca come likewise under this

division of our subject. Such are the Pcctini-
brunchittte Gasteropoda, in which the structure

of the generative apparatus is sufficiently sim-
ple. In tlie male a large testis, composed of
racemose follicles, shares with the liver the

convolutions of the shell : from this the seminal
secretion [xusses by a long and tortuous vas

deferens to the extremity of tlie penis, which
is in these creatures an extensile and very

muscular organ, situated on the right side of
tlie neck, and not unfrequently of enormous
size when comj)ared wiUi tlie bulk of the

animal.

The ovarium in the female Pectinibranchiate

Gasteropods corresponds in position with the

male testis ; the oviduct arising from it is

capacious, glandular, and convoluted, serving

in some genera, as in Turbo, as a receptacle

Vide Article Asachnioa.
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in which the eggs are frequently hatdied.
Near its termination the oviduct communicates
with a glandular apparatus supposed to furnish
the viscid envelope by means of whicli the
eggs are generally agglutinated together.

In the Ctj>/ia/oj)o(/u likewise, as in the Mol-
lusca generally, the generative system is single.

In this class the testis is an azygos viscus,

composed of elongated branched cosca, in-

closed in a membranous capsule, into which
apparently the seminal fluid escapes. The vas
deferens is narrow, and convoluted at first,

but afterwards it enlarges and becomes mus-
cular in its structure, serving doubtless as an
instrument for the expulsion of the semen.
This seminal canal receives the duct of a large
glandular mass, and dilating into a pouch,
ultimately terminates at the root of a rudi-
mentary penis, apparently adapted to intro-

mission, although it has not yet been ascer-
tained whether actual copulation takes place,
or whether the ova are fecundated after their
extrusion, as is the case with fishes.

lu the female Cephulopoda the ovarium, like

the testis of the male, is azygos, and placed
in the same situation. Its structure is remark-
able, being a strong capsule, to the interior of
which adheres a cluster of vesicular bodies
denominated ovisacs, from which, at certain

seasons, the ova escape. From the ovarian
capsule arises the oviduct; this is in some
instances a single tube, but in others divides
into two canals ; in either case, before its ter-

mination behind the base of the syphon, it

passes through a thick laminated glandular
structure, which secretes the dense coriaceous
investment enclosing the ova, and the material
which unites them into the racemose clusters in

which they are usually found.

Verlebruta Ovipura.—In the vertebrate divi-

sion of the animal kingdom the generative

system presents great varieties, although from
the lower to the higher orders we may distinctly

trace a series of gradations which, in a physio-
logical point of view, are of the highest interest.

In Fishes the ovaria are formed upon two
distinct types. In the osseous fishes they are

for the most part two large membranous sacs,

which, when distended, occupy a considerable

share of the abdominal cavity; these open by a
short canal in the vicinity of the anus. In these

capacious sacs the ova are developed : they are

found united together by a delicate membrane,
and attached in numerous festoons to the walls

of the ovary until sufficiently mature for expul-

sion, when, breaking loose from their con-
nexions, they escape into the ovarian cavity

and are discharged through its excretory duct.

In this case the Fallopian tubes found in other

vertebrata do not exist, the oviduct being pro-

longed from the ovary itself in the same manner
as the duet of a secreting gland, and the whole
apparatus, in fact, strongly resembles what we
have found in the Conchifera and other Mol-
lusks, the great distinction consisting in the

necessity which here exists for the impregnation

of the ova by the agency of the male. The
fecundation of the eggs is effected externally,

after their expulsion, and, in fact, it is the

spawn rather than the female, which forms the

object of the pursuit of the male, as in most
instances both sexes appear as careless con-
cerning each other as they are of the off-

spring which they produce. The ova, which
are incalculably numerous, are deposited in

shallow water, where they may receive the

influence of the solar beams, and in this situa-

tion are eagerly sought after by the males
destined to make them fertile; lliese, urged
apparently by the necessity of ridding them-
selves of an inconvenient load, discharge the

secretion of their voluminous testes into the

water, which, becoming difl'used in the vicinity

of the ova, is suflicient for their impregnation.
In the males of this class of fishes the testes

are of enormous size, equalling in bulk the

ovaria of the other sex, and occu])ying a corres-

ponding situation in the abdomen. Kach testis

is made up of a congeries of seminal canals,

which, when inflated through the excretory

duct, distend the whole organ. The seminal
tubes are in most instances arranged parallel to

each other, and are closed at one extremity
while the other terminates in the common canal
or vas deferens, whicli in every respect resem-
bles the oviduct of the female.

This is the most usual structure of the male
apparatus of fishes, but in some, as in the Shad
( Clupeu Alosu ), the seminiferous lubes form
innumerable ramifications and anastomoses in

the substance of the testicle, easily discernible

by the naked eye ; and from the plexus thus
produced ccecal tubes are prolonged to the sur-

face of the organ, wl'.ere they terminate by
rounded extremities, giving the whole viscus,

exiernjily, a granulated appearance. ('i''tg.

204.)

A few of the osseous fishes form remarkable
exceptions to the usual mode of impregnation,

the ova of the female being in such fecundated
prior to their expulsion by actual copulation

with the male ; and in some rare instances, as

in the lilcnnius viviparus, the young are even
produced alive, the ova being retained within

the oviduct until they are hatched. In such
cases the termination of the vas deferens swells

into an external projection resembling a rudi-

mentary penis, and, indeed, actually performing
the oflSce of an organ of intromission.

In the more highly organized cartilaginous

fishes, and even in some osseous genera, the

structure of the generative system is entirely

dirt'erent, commencing that type which charac-

terizes the reproductive organs of all the other

vertebrate classes. In these the ovaria are not

hollow sacs which have their cavity prolonged

to the exterior of the body, but the ova are

developed between layers of membrane sus-

pended in the abdomen, which are unprovided

with any canal immediately communicating
with them. Such are the ovaria of the Eel

and the Lamprey, which are formed of nume-
rous festoons of delicate and vascular membrane
suspended in front of the spine. The ova pro-

duced between these membranous layers when
mature break loose into the cavity of the

abd;)incn, and are discharced through a simple

orifice in l!ie ncighhourhood of the anus. In
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Fig. 204.

Structure of Iht Testet in Clupea Alosa.

this arrangement we have, therefore, the simplest

form of the isolated ovaria of Reptiles, Birds,

and Mammalia, in all of wliich the ova escape

Jrom the surface of the ovary, not J'rom its

interior; and in the orifice through which the

eggs are ultimately expelled from the abdomen
we see the first rudiment of a Fallopian tube.

In the Lamprey this orifice is prolonged into

a short canal, and in Rays and Sharks assumes
the form of an oviduct with which we shall

afterwards seethe Fallopian tubes of Mammals
are identical; for whatever the complication

which it afterwards assumes, the oviduct or

Fallopian tube (for the two are the same in

function) only receives the ova after their esca]ie

into the cavity of the abdomen to faciliUile

their ultimate expulsion. In Kays and Sharks

the oviduct is double, commencing, however,

by a fimbriated aperture common to both,

which receives the eggs from the ovaria; each

oviduct is at first narrow and membranous,
having its lining membrane longitudinally

plicated, but before its termination the walls

suddenly increase in thickness, developing in

their interior a large gland destined to furnish

the horny covering which invests the eggs of

these creatures. Beyond the gland the oviduct

expands into a capacious bag, which communi-
cates with the cloaca.

In this class of fishes the testis, like the

ovary, is not hollow. In the Eel and Lamprey
the secretion of the testis escapes from the

external surface of the organ into the abdomi-
nal cavity, whence, like the eggs in the females
of the same tribes, it is expelled through a
simple orifice provided for its egress. In these

creatures the testis and ovarium are so entirely

similar that they have been confounded by
authors, the secreting granules in the one sex
and the ova in the other being both disposed

in regular laminx, and only differing inas-

much as the testicular granules are smaller

than the mature ova.

The structure of the testis in Rays and
Sharks is peculiar, these animals being appa-

rently provided with both the kinds of testis

above described. Each testicle consists of two

portions quite detached from each other; the

one is formed of an aggregation of globular

masses as large as peas, from which no excre-

tory duct has been found to issue ; the other is

made up of convoluted canals, which, gradually

uniting together, terminate in a capacious tube.

The tuberculated mass has been described as

the testis, while the convoluted tubes of the

other portion were regarded as an epididymus,

whence tlie vas deferens took its origin. There
is, however, no communication between the

granular part and that whence the vas deferens

issues ; it is, therefore, probable that the former

is analogous to the solid testis of the Eel and
Lamprey, pouring its secretion into the abdo-

minal cavity, whence it is emitted through the

apertures well known to communicate in these

creatures between the peritoneal bag and the

exterior, while the latter is identical with the

usual form of the testis in osseous fishes.

TlieBatrachianReptilesintlieir mode of gene-
ration, as well in so many other points of their

economy, form the transition from the branchi-

ferous to the pulmonary forms of tlieV'ertebrata,

and hence the study of their sexual organs is ex-

ceedingly interesting. Tlie oviiria of these ani-

mals in their entire organization resemble those

ofthel^mprey. Theirsize, however, is much in-

ferior, and the whole organ exhibits a more con-
centrated arrangement. The vascular membrane
which forms each ovary is arranged in large

folds on the sides of the spine, and the ova
are deposited in great numbers between the

lamella? of which it consists. The oviducts

are long and tortuous, each commencing by a
fimbriated aperture which is found to be situated

at the side of the pericardium, and so bound
down in that position by its peritoneal attach-

ments that when the interval which separates this

point from the ovaria is considered, it is difficult

to conceive how tlie ova, when dislodged from
the nidus in which they were formed, can be
brought into the oviduct ; the only supposition,

in feet, which will account for it is, that the

eggs break loose into the abdominal cavity and
thus make their way to the extremities of the

oviducts. Before terminating in the cloaca

the oviducts expand into capacious recepta-

cles, in which the ova are collected prior to

their expulsion, and glued together by a glairy

secretion into masses which distend the whole
of the abdomen.
The ovaria of the Salamanders resemble

those of the frog, as do the oviducts, but the

membranous sacs which retain the ova are less

considerable than in the Anourous Batrachia

:

the same observations apply to the perenni-

branchiate orders.

The structure of the testis in frogs is almost

the same as that of the same organ in the

cuttle-fish. If the investing tunic be removed,
the whole substance of the organ appears com-
posed of globules; but if these are gently sepa-
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rated, Uiey are fouml to be merely the blind

terminations of as many seminal tubes which
run from the centre to the circumference of the

testicle. The seminiferous ducts arising from

Fig. 205.

Testu of Frog.

these perforate the investing tunic of the kidney,

ujjon which the testis is placed, and, according

to Swammerdam, terminate in tlie ureters,

which thus perform liliewise the office of the

vas deferens.

We have carefully repeated Swammerdam 's

dissection of these parts, which are represented

at fig. 206.
Fig. 206.

Generative organs of Male Frog,

a. Cloaca ; b, opening of genilo-urinary canal

;

c, opening of bladder into cloaca; d, rectum;

Cf bladder
; /» testes, that of the right side in

situ; (/, kidneys; A, seminiferous tubes; ^(,

tube serving both as ureter and vas deferens
;

h, vesicula; scminales ; I, fatty appendages to

the kidney.

In other Am))hibia the organization of the

testis is essentially the same, but the seminal

cceca, owing to their greater length, are tortuous

and Convoluted.

The ova are impregnated in exitu by the

as|)ersioii of tlie seminal secretion of tlie male,

who, firmly fi.\ed upon tlie buck of his male,

assists by his embraces (he expulsion of the

gelatinous masses in which the eggs are im-

bedded. No organ of intromission, therefore,

is required, and the generative ducts, both in

the male and female, open by siiiii)le apertures

into the cloaca. Nevertheless, in a few instances

internal impregnation is otlected ; such is the

case with Triton, Laurent, in which, although

no copulation takes place, the male fluid dif-

fused through the surrounding water finds its

way into the genitals of the female in sufficient

quantities to secure fecundation. Moreover,
in the Salamander fLuccrta Sulumandra) an
intromission is accomplislied, the male pos-

sessing a rudimentary organ for that purpose

;

in this latter case the eggs are even hatched in

the oviduct and the young produced in the

tadpole state.

In the other reptiles the structure and
arrangement of the generative organs is very

similar; the same organization, in fact, exists

through the whole class with slight modifica-

tions adapted to the different forms or habits of
different orders.

Fig. 207.

The testes are invariably double, |)laced

symmetrically on the two sides of the body,

and attached by membranous connexions to the

vertebral colunui. On miravelling their inter-

nal structure they are found to consist entirely

of blind tubes enclosed in a membranous cap-

sule ; these seminiferous ciuials are much longer

than in the amphibious tribes, and, conse-

quently, present a tortuous arrangement, readily

seen dirough the transparent covering of the

testes. (Fig. 207.) From these tubes a variable

number of efferent canals proceed, which, after

remaining for a short distance enclosed in a pro-

longation of the tunics of the testicle, unite into

a vas deferens, whicli is prolonged on each side

to the cloaca, and there terminates at the root of

the rudimentary penis.

In the higher Keptilia impregnation is always

effected internally, and tlie males are conse-

quently provided with an organ of excitement,

differing much in form, but invariably imiier-

forate, "being merely grooved upon its sin-face

by a channel, along which the semen flows

iiito tlie cloaca of the female, but without any

provision for its forcible expulsion.

This kind of (lenis consists entirely of the

corpora cavernosa, arising by two crura,
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wliicli unite intimately iilong the upper asiwcl

of the oipui, but leave inferioily a deep tiMsure

wliicli is continued to tlic extremity. In tlie

Clieluitin this organ of excitement is very large,

and Itrininales in a single point, but in many
Siiiirifiii and Ophidian species its extremity is

bifid, each division being covered with sharp

and recurved spines, an arrangement vrhicli, in

creatures so deticient in org-.ins of prehension,

is evidently adapted to ensure efficient copu-

lation.

In the females of these reptiles the structure

of the ovaria is interesting, gradually leading us

from the folds of vascular membrane, between

which the numerous eggs of the Batracliia are

generated, to the form which they present in

Uirds. Each ovary assumes a racemose ap-

pearance, and consists of a number of ova in

various states of perfection, which are loosely

attached to the sides of the vertebral column by
folds of peritoneum. Their structure, however,

is essentially that which has been already de-

.scribed, and the ova, when matured between

the vascular lamina: of the ovarian investments,

escape, as in frogs, from die surface of these

viscera by a laceration of the investing mem-
brane, and would break loose into the abdo-
minal cavity did not the more perfect develope-

ment of the oviducts, which here have their

jiatulous extremities so disposed that they can

gr.vsp the ovaria during excitement, prevent such
an occurrence, by receiving the germs imme-
diately from the ruptured ovary. The oviducts

are two in number, membranous at first, but

glandular as they approach their termination

in the cloaca. In these the eggs receive an
albuminous investment which they absorb in

the first portion of the canal, and prior to their

expulsion arc furnished with a coriaceous or cal-

careous covering produced from the thicker

(wrtion of the oviferous tube.

'llie females of the Chelonia have a clitoris,

or rudiment of the male penis, which is in a

similar manner provided with muscles for its

retraction into the cloaca after extrusion. In
other Keptilesthe clitoris is deficient.

Birds form a remarkable exception to the

usual arrangement of the internal sexual organs

in oviparous vertcbrata,the ovarium and oviduct

being single throughout the class, an organi-

zation which is evidently in relation with that

lightness and activity essential to their habits.

This deviation from the usual type, however,

is only apparent, arising from the non-develop-

ment of the ovary and its duct on one side of

the body, akhough both exist in a rudimentary
stale.

The ovarium, as in Reptiles, is racemose,

consisting of ova in different stages of growth,

each enclosed in a vascular membrane, which
forms a jicdiclc attaching it to the general

cluster, and is ruptured by the escape of the

germ enclosed within it. Tlie oviduct is short in

comparison with that of many reptiles, and the

structure of Its lining membrane indicates the

offices performed by different portions of die

canal, being smooth and vascular in its upper
portion, where the yolk receives its albuminous
coicrins, but becoming villous and plicated

where it secretes the shell.

Male birds, like reptiles, are furnished with

two testes, which, from their compamtively in-

significant size, do not materially interfere with

the bulk of the viscera; yet even these only as-

sume their full proportions at stated times,

namely, at that period of the year when their

office is required.

The testes are constantly situated in the ab-

dominal cavity immediately behind the lungs

and under the anterior extremity of die kidney

:

as in all cases, Uiey consist of sijcrm-secrcting

tubes, but of such extreme tenuity that their

diameter was estimated by Midler as not

greater than the 000528 of a Parisian inch.

These canals are enclosed in a proper capsule,

which sends septa into the interior of the organ

;

they unite to form a slightly flexuous vas defe-

rens, which accompanies the ureter of the cor-

responding side. The vasa deferentia termi-

nate by separate orifices in the cloacal cavity

near the root of the rudimentary penis when
such exists, but even in its most perfect forms

the male organ is merely an instrument serv-

ing for die conveyance of die seminal liquor

along a groove seen upon its surface, there

being as yet no corpus spongiosum or inclosed

urethra as in the Mammiferous classes, adapted

to an efficient injection of tlie semen into the

female parts, nor any auxiliary secretions sub-

servient to the same purjiose. In the females

of those genera in which the penis is most de-

veloped, a clitoris is found to occupy a similar

position.

The Mammalia differ remarkably from the

other vertebrate classes in the elaborate deve-

lopement of die sexual organs in both sexes.

The increased complication of these prts is attri-

butable in the male to the necessity for a much
more efficient intromission of the s)x;rmatic

secretions during coitus, and in the female to

the superadded function of gestation which
characterizes the class.

On comparing the male organs of Mammi-
fera with those of the oviparous vertebrata,

several circumstances demand our notice, the

most striking of which is the separation of the

canals provided for excretion into two distinct

systems, each terminating externally by an

appropriate orifice, thus detaching entirely the

digestive emunctory from the genito-urinary

apparatus, which hitherto we have found to dis-

charge themselves by one common orifice com-
municating with a cloacal cavity. With one
interesting exception furnished by the Mono-
tremata, such a se]>aration exists throughout all

the Mammiferous orders. Internally a still

further isolation is evident in die sejiaration of

the urinary and generative organs by the pro-

vision of a urinary bladder, in which the secre-

tion of the kidneys is stored up until its expul-

sion becomes necessary ; the same excretory

canal, however, is still common to both these

systems. In the ovipara the penis was merely

furrowed with a sulcus, along which the semen

trickled during die union of the sexes without

being impelled by any expulsive apparatus

;

but in the cbvss of which we are now sjieaking

the urethral canal becomes surrounded by vas-

cular erectile tissue, forming a complete tube

through which the seminal liquor is powerfully
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ejaculated during copulation by a muscular
ai-raugement provided for tliat purpose ; and in

the last place the emission of the fecundating

fluid is further provided for by the addition of

secondary secretions, wliich from augmenting
its quantity facilitates its ejection.

Me shall proceed to speak of these circum-
stances seriatim, examining first, the structure

and position of the testis and its duct; secondly,

auxiliary glands which add their secretions to

the seminal liquor; thirdly, the structure of the

penis, and arrangement of the organs of intro-

luission.

We have found in all the classes of verte-

brata of which we have hitherto treated, that

the testes consisted essentially of blind tubes.

In Frogs these sperm-secreting canals were ex-

ceedingly short; in other Amphibia they become
elongated and flexuous. In Reptiles their

length and convolution was still further in-

creased, until at length in Birds and Mamma-
lia their length is so great, and their delicacy

so excessive, that they are with difficulty unra-
velled. In all animals the terminations of the

seminal tubes are found to be closed, neither is

any increase or diminution perceptible in the

diameter of one of these vessels throughout its

whole course. Another circumstance which,
with one or two exceptions, is common to all

Mammals, is that they never ramify or divide.*

Mammalia differ much amongst each other
as regards the length, number, convolutions,

and general arrangement of these secerning

vessels of the testis. In the Ass they are very

delicate; of greater diameter in the Ct/nnce-

phalus and larger Carnivora, as well as in the

Hog and Rhinoceros. They are very large in

the Glires, and in Sciurus their diameter
reaches -OOMSS inch (Paris), whilst in the

Hedgehog they are only 000970 inch.

The tenuity of the walls of these seminal
vessels is extreme, and scarcely applicable by
the micrometer; they are united together by a
most delicate tissue of capillary bloodvessels,

serving to imbue them with that blood from
which the semen is separated, which when se-

creted accumulates in the cavities of these tubes
in readiness for expulsion.

The testes are very variously situated in the

adult state of different mammals. Sometimes
they are contained within the abdominal cavity,

attached on each side of the spinal column by
folds of the peritoneum, as in the ovipara ; at

other times they descend into the skin of the

groin through the inguinal canal, and not un-
frequently are contained in a scrotal pouch
formed by the integument behind the pubic
arch; and in the Marsupial division, which,
when describing the female sexual organs, we
shall find to constitute a distinct type of the

generative system, they are suspended in front

of the pelvis.

The excretory duct of each testis or vas de-

ferens is formed by the junction of the seminal

canals of the testis ; it is at first much convo-
luted, forming a mass appended to the testicle,

denominated the epididymus; and whatever

' In Sciurus thry have bcrn ril)servecl to divide
dichotoiQously.

may be the position of the testicle, it runs to

discharge itself into the canal of the urethra

near the commencement of that tube.

The proslule ghmd is a secreting body of pe-

culiar structure, which, in man, embraces the

neck of the bladder, and opens by ten or twelve

ducts into the urethra near its commencement.
It is very constant in its existence, being found
in all orders of Mammalia, excepting, perhaps,

the greater number of the Rodentia, the Mole,
and the Hedgehog, in which it is apparently

replaced by secerning organs of a widely dif-

ferent structure; otherwise, the internal organi-

zation of this gland is nearly the same in all

animals that possess it, consisting essentially

of cells, each of which is subdivided into others

of extreme minuteness. From these cells the

excretory ducts take their rise, and the whole
organ may be readily inflated by forcing air into

the canals which issue from it: the whole is

enclosed in a dense fibrous capsule. In some
animals, as the Elephant and Solipeds, the

prostate is double or even quadruple, and in

this case the centre of each portion has within
it a large cavity which communicates with the

smaller cells, and gives origin to the excretory

tube.

Ctrwpcr's glands,—These glands in the hu-
man subject are two very small bodies situated

behind the bulb of the urethra, which furnish

minute canals, opening obliquely into theurino-

generative canal near its posterior portion ; but
minute as they are in man, they are found in

other creatures to be much more voluminous,
not unfrequently equalling the prostate in size,

and in some cases, especially in the Marsupial
division, they are increased in number; thus
in the Opossums and Kangaroo-rat there are

four, while in the Wombat ( Pliuscolumys),

the Kangaroo, and others, even six are found :

nevertheless in most of the Carnivora, except
the Felidas and Hyenas, and in the greater

number of Ruminants, Solipeds, Amphibia,
and Cetacea, they are deficient.

The internal structure of Cowper's glands
varies. In man and many others they are

composed of simple follicles ; in other cases,

as in Sciurus, the Marmot and the Hog, they
consist of conical sacculi, which exhibit in-

ternally a cellular appearance. In the Beaver
(Castor Fiber) their texture is spongy, being
formed of large cells, divided by septa into

smaller ones of extreme minuteness ; those of
the Mole are similarly constructed. In Vi-
vei-ru Zibet/ia, the feline tribes and die Hyena,
they are made up of separate lobules; and
in the Ichneumon these glands are composed
of vesicles united by a common duct. In
the Hedgehog ( Erinuceus Europtius) they are

found in a very singular position, being partly

situated beneath the rami of the pubis and
ischium, and pardy beneath the skin on the

inner side of the thigh, being so remote from
the other glands that their existence was over-

looked by Cuvier. Each gland consists of
pyramidal lobules, which, by their apices,

give rise to the excretory canals.

In some of the Marsupiata their minute
structure resembles what is found in the Hedge-
hog; and each of them is surrounded by a
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l>owerfiil muscular slienlli, calcuUited to en-

Niire the expulsion of tlic Huid »liich they

elaborate.

The most remarkable arrangement of Cow-
pcr's glands iii seen in the Ichneumon ( Her-
petics Ivlmeumon, Illiger): in this animal Ihey

are very large and occupy their usual position,

being invcsttd with a strong muscular coat;

but their excretory ducts, instead of termi-

nating as usual in the bulbous portion of the

urethra, are prolonged beneath the penis nearly

to the exiremity of that organ, where they

open into a cul-de-sac common to them and
the canal of the urethra.

Accessiwy vrsiclet. — These are auxiliary

glands, which pour their secretions into the

canal of the urethra. They appear, when
iiresent, to take the ])lace of the prostate,

being only found where that organ is deficient,

and accordingly, although of a totally different

structure from that body, Ihey have been called

prostates by various authors. They are usually

packets of membranous cceca, more or less ra-

mified, and in the season of sexual excitement
are filled with a fluid resembling that contained

in the vesicula- seminales. These organs exist

in all Rodents except Squirrels, Marmots, and
Hares, and also in the Hedgehog and the

Mole, but have not been found in .my other

mammalia. They are invariably composed
of intestinules or branched cceca, arranged in

packets, the number of which varies much.
Thus in the Mole there are five such bundles,

forming a mass of ramified tubes larger than

the bladder ; in the Hedgehog there are four,

and in Cricelus vulgaris and Vusyprocla
Agiiti two fasciculi.

lUit besides the secreting structures above
enumerated as forming the ordinary aiipendages
to the male generative system of Mammifers,
additional ones are occasionally found, placed
out of the positions in which the succenturiate

glands usually exist. Thus in Solipeds a long
coecum containing a glairy fluid is placed be-

tween the insertions of the vasa deferentia,

which communicates with the urethra by an
appropriate orifice; and in Cricctus and many
of the Muriilff the ends of the deferent canals

before their termination are provided with
bunches of small glandular follicles, which in

the former resemble small bunches of grapes.

Fig. 20a.

The annexed figure, (fig. 208,) representing

the male generative viscera of tlie Itat (Mas
Hatlus) exhibits an example of the greatest com-
plication of these ]>arts, anil will serve to illus-

trate the situation of the organs above described.

A represents the bladder turned forwards, 13 the

rectum, and C die testis of the lefl side, llie

succenturiate glands here found are a, a, the

vesiciiltr semitiaUs ; b, the anterior fasciculus of
the acceawrj/ vuicles or anterior prostate of
some authors, which on the opposite side is un-
ravelled to display the cceca which compose it

;

f, the middle prostatic coeca; d, the anterior

prostatic coeca. lliese all communicate with

the urethra, and in addition to these we have
on each side the racemose bunch of follicles (e)

which is appended to the termination of the
vas deferens (_/').

Structure o/' the penis.—The great difference

between the penis of Mammifers and that which
has been described as existing in the oviparous

vertebrata, consists in the inclosure of the canal

of the urethra, which is no longer a simple
groove formed by the junction of the corpora
cavernosa, but becomes surrounded with a cy-

linder of erectile tissue usually denominated
the corpus spongiosum urethra. The corpus

cavemosum, which generally forms the great

bulk of the organ, arises by two crura, w hich are

firmly attached to the rami of the ischium in

the males of all placental Mammalia; and even
in the Cetacea, where there is no pelvis, two
bones placed on each side of the corpus caver-
nosum give a support to the penis, which is

attached to them by fibrous ligaments ; never-

theless, in the Marsupiata the crura of the
corpus cavemosum are quite free, or only
loosely attached to the ischiadic bones by
the muscular sheaths in which they are en-
veloped. The crura of the corpora cavernosa
unite to form the body of the penis, their

union being generally marked by a strong
septum, which more or less completely divides
the organ into two lateral halves. In some
animals, as in the Dog, tins septum is very
distinct ; but in other cases, especially in many
of the Plantigrade Camivora and in most of the
Pachydermatous and Cetaceous tribes such a
partition is entirely wanting ; in such cases the
fibrous lamella;, which arise from the dense
capsule surrounding this portion of the penis,

and traverse the vascular tissue which is con-
tained in its interior, unite at a central part in

a kind of cord formed by their union. In
some animals the organ is supported by a bone
developed in its interior: this arrangement
exists in the Quadrumana, Cheiroptera, the

Plantigrade and Digitigrade Camivora (ex-

cept the Hyxna), and in the Rodentia, also in

Seals and Cetaceans. In a few instances it is

so large as to form a large portion of the penis,

as in Whales ; in others, as in many Camivora
and Rodentia, it is extremely small, but what-
ever its form or size it is invariably found in-

timately connected with the corpus cavemo-
sum.

Tlie urethra, as in man, consists of a mus-
cular and of a vascular portion, the former
receiving the ducts of the succenturiate and
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seminal glands, the latter emboddcd in tlie

erectile tissvie of the corpus spongiosum. The
muscular portion does not always join the vaj-

c\ilar part in a straight line ; lint, on the con-

trary, in some animals, as in Ruminants gene-

rally and in the Boar, the former opens by an

orifice jierforated in tlie upper wall of the

latter, at a little distance from its commence-
ment, so that a cul-de-sac is left excavated in

the bulb of the urethra or commencement of

the spongy portion, in which the fluids poured

into the muscular part are mixed with the se-

cretion of Cowper's glands, which enters the

sides of the excavation.

In Squirrels and Marmots a similar cul-de-

sac exists, which only receives the secretion of

Cowper's glands, and is continued forwards

as a narrow tube surrounded by vascular tissue,

beneath the urethra, as far as the middle of the

penis, where the two canals unite.

The course of the urethra in the great Kan-
garoo ( Macropus major) is peculiar; instead

of passing, as is usually the case, beneath the

corpus cavernosum, it is inclosed in a canal

pixssing through the centre of the penis, from

which it only emerges at the extremity of the

glans ; owing to this arrangement, the spongy
investment of the canal is in this animal con-

founded with the vascular tissue of tlie corpus

cavernosum.

In others of the Marsupiata the corpus spon-

giosum, like the cavernous body, arises by two
crura, which are quite unattjiched, each being

invested with a strong muscular sheath, and
even in some placental Mammals, as the Water-
rat and the Camel, rudiments of this division

are distinguishable.

The glans penis, or extremity of the intro-

mittent organ, presents many modifications in

form and in the nature of its surface. It is

frequently smooth and highly sensible, as in

man, being only covered by a delicate skin

;

yet in other ii..,tances, as in the feline Carni-

vora, it is armed with stiff recurved bristles
;

sometimes the armature represents horny scales

or strong spines, and in not a few genera we
find horny serrated plates projecting from its

surface; and, as though these formidable saws

were insufficient, they are occasionally com-
bined with horny prongs protmded from the

extremity of the penis during its erection.

These last appendages are found in varioiis

femilies of the Rodentia, as in Guinea-pigs

and Agoutis. The limits of this article will

not permit us to expatiate further on this part

of our subject; we must therefore refer the

reader for a description of the various forms of

the penis and of the muscles belonging to that

organ to the articles which treat of the Mam-
miferous orders individually.

The female Mammalia exhibit in their gene-

rative system a beautiful gradation of struc-

ture. They naturally divide themselves in

conformity with their mode of gestation into

two classes, viz. the Ovo-vivipara or Marsu-
piata, and the Viviparri, ])roperly so called,

comprising the placental orders.

The former division approximates in every

particular to the oviparous type of structure

:

the ovaria are racemose, as in birds; the ovi-

ducts, which now assume the name of uteri, are

still double, opening by distinct orifices into

the vagina, which also is not unfrequently di-

vided. But the great feature which distin-

guishes the ovo-viviparous mammals is the

peculiar apparatus in which gestation is com-
pleted, the embryo being expelled from the

uterus at a very early period, without ever con-

tracting any vascular connexion with that oi'gan,

to be lodged in a marsupiura or pouch con-

nected with the abdomen of the mother, in

which the nipples are contained. In this situ-

ation it becomes attached by its mouth to one

of the teats, and thus derives from the mam-
mary secretion the nourishment essential to its

growth.—See Marsupiata.
In the Placental division gestation is com-

pleted within the uterine cavity by the deve-

lopment of a vascular mass of different con-

struction in different classes, called the Pla-

centa. The ovaria here gradually lose their

racemose appearance, and are converted into

small and solid masses, in which the ova or

Graafian vesicles are evolved. The uterus, at

first completely divided, as in some of the

Rodentia, in which the two cornua open se-

parately into a single vaginal canal, by degrees

unites, and by a progressive coalescence attains

that concentration most perfectly exhibited in

the human female.

To enter more largely into details connected

with the generative organs of the Mammiferous
classes would needlessly swell the bulk of this

article, in which our object has been to lay

before the reader a connected view of tlie mo-
difications met with in the reproductive system

throughout the animal kingdom, and thus to

connect with each other the numerous facts

relating to this subject which are elsewhere

more minutely recorded in this work.

For the anatomy of tho Organs of Generation in

Man, see Penis, Prostate, Testis, Vesiciils
SEMINALES.

( T. Rymer Jones.)

GENERATION (in Physiology) generatio;

Tt. generation; Germ. Zeugung ; \ia\. gene-

razione ;) is the process by which the young
of living bodies are produced, and their spe-

cies continued. In common language the

term is fi-cquently confined to the mere act of

union of the sexes of animals ; but in general

and animal physiology it is generally employed
in the more extended signification given to it

in the following article, viz. to denote the assem-

blage of all the functions of animals concerned

in the formation of their young, and as syno-

nymous, therefore, with the function of Repro-

duction.

In directing our attention to the mode in

which the function of reproduction is effected

in various classes of animals, so many striking

differences present themselves, that we find it

difficult if not impossible to point out any

general circumstances in respect to which they

all agree. Some animals, for example, are

propagated by the division of their whole

bodies into pieces, each of which by a pecu-
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liar change becomes an independent individual

entering upon a new life. Others arise like

the parts of a tree by buds which remain for

a time attjiched to the parent stem, and being

afterwards separated from it assume an inde-

pendent existence. A third class of animals

have the power of formnig and throwing off

from their bodies a small portion of organized

matter, which, though at the time of its sepa-

ration from the jrarent, not resembling it either

in form or organization, is yet possessed of the

power of living for itself, and, after passing

through a variety of successive changes of
growth and evolution, of at last acquiring the

exact semblance of the parent by which it was
produced. In a fourth and last class, com-
prehending much the greatest number of ani-

mals, the function of reproduction involves a

greater com])lication of vital processes than in

the three other classes above alluded to. The
union of two individuals of different sex be-

comes necessary, and the young owe their

origin to the evolution of a more complex
organized stniclure termed the egg, which is

formed in and sepxratcd from the body of the

female parent, and is the product of the union
of the male and female of all animals in which
the distinction of sex exists. The ovum or egg
is most familiarly known to us in the eggs of

domestic birds, to which the product of sexual

union in all animals belonging to this fourth

class bears a strict analogy in every essential

particular.

It may be stated as a general fact, that the

reproductive function involves a greater num-
ber of vital processes in the higher and more
complicated than in the lower and simpler

kinds of animals. Yet there are exceptions

to this rule, and we do not always trace a
correspondence between the degree of com-
plication of the generative process of any
animal and the place which that animal holds

in the scale of being ; for there are some tribes

of animals which are propagated in more than

one of the ways above mentioned, and there

are some, to which, from the simplicity of their

other functions and organization, a low place

in the zoological scale has been assigned, and
which nevertheless resemble the higher animals

in respect to their mode of reproduction.

A vei7 superficial view, however, of the vari-

eties of the form obvious in the reproductive

process of different animals demonstrates the

importance of the reproductive functions in the

economy of life, as it points out the intimate

relation which these functions bear to the

habits, mode of life, and organization of each
animal, and shews the infinite care and fore-

sight with which nature, in every variety of

circumstance, has provided for the regular and
undisturbed performance of those acts by
which the species of organize 1 beings are con-

tinued from age to age, in an undcviating suc-

cession of generations. These facts also fully

justify our regiuding, along with Cuvicr, the

reproductive function as constituting one of

the hiudamental divisions in a classification of

the jiroccsses of the animal economy.
\\ bile, tlierefoie, the principal object of the

present article is to describe the process of
generation in Man and the higher \'ertebrated
animals, it will be necessar)' and proper for us
to allude also to the repro<luctive function as
it is performed in all the various members of
the animal series; for in this, as in other de-
partments of Physiology, the more complicated
forms of the process derive much illustration

from the study of the more simple, and we
may hope thus more fully to point out the
general importance of the functions now under
consideration.

We purpose to follow an arrangement
adapted chiefly to tlie consideration of Human
Generation. In all the animals in which dis-
tinction of sex subsists, the male and female
organs subservient to reproduction must co-
operate for the completion of the generative
process; and in the greater number of the more
perfect animals, as also in Man, the two kinds
of sexual organs being placed on separate in-
dividuals of the same species, the concurrence
of both these individuals, or of both male
and female parents, is necessary for the for-

mation of the fruitful products from which
the offspring proceeds. The circumstances,
then, which give rise to the union of the sexes,
and the phenomena which accompany that
union, form some of the topics of the present
article. The product of fruitful sexual union
in all animals is one or more eggs, fitim each of
which, under the influence of certain favourable
circumstances, different in different tribes, the
young animal is pro<luced by an intricate pro-
cess of vital growth. The greater part of the
substance composing the egg is furnished by
the female parent : but this egg of the female
would be wholly barren, or would not undergo
any of those changes by which the young
animal is formed, unless it received in some
way or other the influence of the product of
the generative organs of the male ; and the egg
formed by the female may be regarded as im-
perfect until the change now alluded to has
teen effected in it. It is then said to be
fecundated or rendered fruitful by the semen
of die male. The mode of formation of the
egg and seminal matter, the mode of their
^paration from the place of their formation,
the structure and properties of each of these
products, the manner in which they are
Drought together, the influence which they
exert upon one another, and the consequent
result in the production of the young, con-
stitute the principal remaining topics which
fall to be discussed by us at present. In this

article our attention must chiefly be confined
to such operations or functions of the male
and female parents as are preliminary to or
necessary for the formation of a ripe and fruit-

ful ovum,—that is, an egg capable of giving
birth to a new animal the same as either of its

parents, when placed in those circumstances
which are favourable to its evolution. It is

not intended to speak in this place of the
changes of the onim itself in which the for-

mation of the young animal consists : the
consideration of these is reserved for the article

Ovt'M.
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Before treating in detail of Human Gene-
ration, we introduce some remarks on the
nature of tlie reproductive function in general,
and a sketch of the principal varieties of the
forms it assumes in different classes of ani-

mals.

I. THE FUNCTION OF REPRODUCTION GENE-
RALLY CONSIDERED.

1. Introductory remarks.—ITie process by
which the young of animals are formed has,

from the earliest periods of science, always
been an object of peculiar interest and atten-
tion to inquirers into the functions of animated
beings. Scientific men as well as the more
ignorant have looked with a mixed feeling of
wonder and admiration upon the intricate

changes which precede and accompany the

first appearance and gradual formation of all

the different textures and organs belonging to

animal bodies. The gradual construction or
building up of the whole frame-work of the

annnal body, and its various important organs,

—the formation of the ner\'es and brain that

feel and think, the muscles that move, the
blood with its containing organs that propel it

and apply it to the purposes of nutrition,

—

the appearance step by step of all the remark-
able structures out of which the different

organs are formed,—the development of the

appropriate vital powers of each of them,

—

the comparatively simple sU'ucture of the sub-
stance of the egg, and the impossibility of
detecting in it by the most exact scrutiny,

before the commencement of the formative

process, any appearance of the parts after-

wards arising there—have naturally led phy-
siologists to inquire minutely into the pro-

perties of that egg, and the process by which
so remarkable a production is generated. The
ascertained fact that the egg possesses vital

powers belonging to itself, and that its life is

in a great measure independent of that of its

parents,—that the vital powers of the egg are

capable of being called into operation and in-

fluenced in many animals by determinate

external physical agents, such as heat, air,

light, and electricity,—the obscure nature of
the influence exerted by the male upon the

female product in the perfecting of the egg,

—

the preservation of the specific distinctions of

animals from one generation to another in un-
deviating succession,—the transmission of oc-

casional varieties or peculiarities of form and
of hereditary resemblances from parent to

offspring,—and, in fine, the important relation

which the generative process bears to other

functions of the animal economy, are among
the more prominent circumstances which,

while they throw a certain air of mystery over

the functions of reproduction, have at the same
time given them an interest in the eyes of the

physiologist, which increases as his acquaint-

ance witli their details becomes more ex-

tended.

It is a common remark that generation is at

once the most obscure and the most wonderful

of the processes occurring in organized bodies.

llence,perhaps, it has happened that,while there

are few subjects of physiological inquiry upon
which so many authors have written, there is none
upon which so many have freely indulged their

fancies in framing unwaiTanted hypotheses and
absurd speculations. Tliis is an error which
belongs to the early stage of investigation in

most branches of natural knowledge, and
which in the instance before us may be traced

very directly to the comparative want of cor-

rect information which for a long time pre-

vailed regarding the phenomena of the gene-

rative processes. For, if we except the re-

markable investigations of Aristotle, Fabricius,

Harvey, Malpighi, VVoltf, and llaller, it may
be said that it is only towards the conclusion

of the last or the commencement of the pre-

sent century that our subject has been

studied with that accuracy of observation and
freedom from hypothesis which are calcu-

lated to insure steady progress in the attain-

ment of physical knowledge. When ex-

tended observation shall have rendered more
familiar to the physiologist the difierent steps

of the intricate processes by which an egg is

formed and the young animal is develo|)ed

from it, although he may not cease to admire
the changes in which these processes consist,

the feeling of wonder will be in a great mea-
sure lost to him ; and he will not be inclined

to look upon the gradual formation and growth

of the child as more extraordinary than the

constant and regular nutrition of the fully

formed body. Are the inscrutable workings

of the brain and nerves, the constant energy

of the beating heart, the unwearied and pow-
erful exertions of the voluntary muscles, the

secretion of different fluids from the glands,

and the regular supply of suitable organic

materials to all parts of the body, so as to

maintain the healthy structure of each and fit

them for the [jerformance of then' respective

offices, less remarkable and astonishing, or,

in other words, less far removed from our

accurate knowledge and comprehension, than

the first origin and early growth of the same
organs at a time when both their structure and
functions are greatly more simple ? Certainly

not. These remarkable changes are all objects

of wonder to the vulgar in proportion as they

are unknown. The man of science regards the

ultimate cause of all vital processes as equally

inexplicable, and, aware of the bounds .set to

his knowledge of life, limits his inquiries con-
cerning its various processes to the investigation

of their phenomena.
At the same time it may be allowed that the

fact that the mere contact of the male seminal

fluid seems to awaken and call forth from the

otherwise inanimate egg all those vital powers
which are afterwards concerned in sustaining

the life of the new being, is one of the most
striking and simple examples of vital agency,

and one less suited than most others to be
observed or experimentally investigated. The
theoretical physiologist, in contemplating this

fact, is apt to conceive that here he has ar-

rived at one of the primitive causes or foun-

dations of animal life, and that he has here

obtained the key to many of its hidden won-



GENEllATION. 427

ders : he pisses the limits whicli ought to

bound his inquiries, and in most instances

invents fanciful and curious speculations rather

than makes sound generalizations of ascer-

tained facts.

2. T/ii'iirics of generation.—The vast num-
ber of the theories of generation renders it

impossible to mention even the more im-
portant in this place. Drelincourl, an author

of the last century, brought together so many
as two hundred and sixty-tvto " groundless

hypotheses" concerning generation from the

writings of his predecessors, " and nothing is

more certain," quaintly remarks lilumenbach,
" than that Drelincourt's own theory formed
the two hundred and sixty-third."*

Of these theories two principal classes may
be distinguished, according as they more di-

rectly relate, 1st, to the action of the parent

organs, or 2d, to the changes in the egg
belonging to the formation of the new animal.

Of the first of these classes of theories Ilaller

made three divisions,according as the oifspring

is supposed to proceed, 1st, exclusively from
the organs of the male parent, 2d, entirely from
those of the female, or 3d, from the union of

the male and female products. The second
class of these theories, that, viz. which relates

more particularly to the formation of the new
animal, may be arranged under two heads,

according as the new animal is supposed, 1st,

to be newly formed from amorphous materials

at the time when it makes its appearance in

the e^, or 2d, to have its parts rendered
visible, by their being expanded, unfolded, or

evolved from a previously existing though in-

visible condition in the germ.
The greater number of the older theories of

generation may then be brought under one or

other of the above-mentioned divisions, viz.

die theory of the Ovists, of the Spermatists,

that of Combination, Evolution or Epigenesis.

According to the first-mentioned of these

hypotheses, or that of the Ovists, the female

parent is held to afford all the materials neces-

sary for the formation of the offspring, the

male doing no more than awakening the forma-
tive powers possessed by, and lying dormant
in, the female product. This was the theory

of Pythagoras, adopted in a modified form by
Aristotle ; and we shall afterwards see that it

resembles most closely the prevailing opinion

of more modern times. Tlie terms, however,
in which some of the older authors expressed
this theory are very vague, as, for example, in

the notion that the embryo or new product
" is fiirmed from the menstrual blood of the

female, assisted by a sort of moisture descend-
ing from the brain during sexual union."

According to the second theory, or that of
the S|)ermatists, among the early supporters of
which Galen may be reckoned, it was supposed
that the male semen alone furnished all the
vital parts of the new animal, the female
organs merely affording the ofl'spring a til place
and suitable materials for its nourishment.

• See Blumenbach iibcr den Bildung8tricb,12ino.
(lotting. 1791. Anglicc by A. Crirhtoa : An GMay
on Generation, 12mo. Lond. 1792.

Immediately unon the discovery of the aeroinal

animalcules, these minute moving i>urticles

were regarded by some as the rudiments of the
new animal. They were said to be miniature

representations of men, and were styled ho-
munculi, one author going so far as to delineate

in the seminal animalcule the body, limbs,

features, and all the parts of the grown human
body. Tlie microscopic animalcules were held
by others to be of different sexes, to copulate,

and thus to engender male and female off-

spring; and the celebrated Leeuwenhoek, who
was among the first to observe these animal-
cules, described minutely the manner in which
they gained the interior of the egg, and held

tlmt after their entrance they were retained

there by a valvular apparatus.

The theory of Syngenesis or Combination
seems to have been applied principally to the

explanation of reproduction of quaarupeds and
man, the existence a nd nature of the ova ofwhich
were involved in doubt. This hyjwthesis con-
sists in the supposition that male and female

parents both furnish simultaneously some semen
or product ; that these products, after sexual

union, combine with one another in the uterus,

and thus give rise to the egg or structure from
which the foetus is formed. In connexion with
this theory we may also mention that of Meta-
morphosis, according to which a formative

substance is held to exist, but is allowed to

change its form in order to be converted into

the new being ; as also the notion of BufTon
that organic molecules universally pervade
plants and animals, that these are all endowed
with productive powers, that a certain number
are employed in the construction of the textures

of organized bodies, and that in the process of
generation the superabundant quantity of them
proceeds to the sexual organs and there consti-

tutes the rudiments of the offspring.

The theories of generation proposed before

the commencement of the seventeenth century

are either unsatisfactory or erroneous from the

entire want of accurate knowledge prevailing

before that time regarding the relation of the

egg to reproduction. The conversion of one
animal into another, constituting equivocal or

spontaneous generations, was very generally

believed in ; and the process of the formation

of the egg was equally ill understood in the

lower and higher classes of animals. It was in

the course of the seventeenth century that the

labours, first of Harvey, and after\vards of

Swammerdam, Redi, Malpighi, De Graaf, and
V'allisneri, gave rise to greater precision of

knowledge and opinions regarding this subject,

and finally established the Uarveyan dictum,
" omne vivura ex ovo," which may be regarded

as the starting - point or basis of modem
researches.

The theories of generation seem after the

period of Harvey to have changed somewhat

their object, and to have been directed more

exclusively to the explanation of the formative

process, or the manner in which the |>arts of

the falus arc first formed in the egg and after-

wards attain their ultimate structure and con-

figuration.

2 P 2
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It was then that the foundation was laid for

the discussion between Epigenesis and Evolu-

tion, the two theories of generation wliich have

more recently occupied the attention of men
of science, and which, as has already been
remarked, relate principally to the nature of

the formative process. Harvey and Malpighi
may be regarded as the first who endea-

voured, from the observation of facts, to

establisli the general law of E])igenesis as

opposed to the older views of Preformation

entertained by the Ovists or Spermatists ; but

it was not till near the middle of the last

century that these opinions were opposed to one
another in a decidedly controversial manner.

At that time Caspar Frederick Wolff* sup-

ported the system of Epigenesis by a reference

to observations on the minute changes of the

egg of the fowl during the early stages of

formation of the chick, while Hallerand Bonnet
advocated tlie opposite opinion of Evolution.

Wolff and tliose who followed his system

held that no appearance of the new animal is

to be found in the perfect impregnated egg
before tiie commencement of incubation, but

that when the formative process is established

by the influence of heat, air, and other circum-

stances necessary to induce it, the parts of the

foetus are gradually put together or built up by
the apposition of their constituent molecules.

Ilallerf referred both to his own observations

on the chick and to a variety of collateral

arguments in support of the system of Evolu-

tion, holding that when the fcetus makes its

appearance in the egg, it does so merely in

consequence of the enlargement or evolution

of its parts which pre-exist, though in an

invisible condition, in the egg. Bonnet| carried

this theory further than any one else, but

trusting mainly to the observations of Ilaller

on the formation of the foetus, he supported his

overdrawn views on highly hypothetical reason-

ing. Bonnet, in what is termed the theory of

Emboitement, held not only that the whole of

the parts of the fcetus pre-exist in the egg

before the time of their appearance, but also

that the germs of all the animals which have

been or are to be born pre-exist from the begin-

ning in the ovaries of the female ; that the

genital organs of the first parents of any species,

therefore, contain the germs of all their pos-

terity; that these germs lie dormant in their

abode until one or more are aroused by the

exciting influence of the male; and that con-

sequently there is not in nature the new forma-

tion of any animal.

We shall have occasion to shew in the article

Ovum that the most recent researches concern-

ing the mode of formation of the fcetus in

birds, quadrupeds, and other animals, and

more particularly the microscopic observations

• Theoria Generationis, published as an Inaugu-

ral Dissertation at Berlin in 1759, and republished

in 8vo. in 1774.

t Klcraenta Physiologias, &c. torn. vii. Mem.
sur la formation du Coeur dans le Poulct. Lau-

sanne, 175a. Opera Minora, torn. ii.

X Palingcnosie Philosophique, Geneve, 1769;

also in his Considerations sur les Corps Organises.

of Meckel, Pander, Baer, and Rathk^,* have
shewn the theory of Epigenesis or super-

formation of parts to be much more consistent

with what is known from observation than the

theory of Evolution. In modern writings,

however, the term Development is, williout

reference to theory, employed to denote the

mode of growth of the foetus more frequently

than any other.

We would further remark in relation to our
present subject that various names have at

diflerent times been given by authors gene-
ralizing the phenomena of development to the

powers supposed to operate in the formation of

the young; as, for example, the Aninia vege-

tativa, Nisus Jhrmativus, Vis plastica. Vis

essentialis, expansive, resisting, and vegeta-

tive forces. These terms can be considered

as little else than general expressions of the

fact that the foetus is formed and grows in the

egg, and are not more satisfactory expla-

nations of the cause of its formation than the

hypothesis of organic affinity is of the process

of assimilation in the adult animal. As the

knowledge of minute anatomy and physiology

has increased, and the accurate observation of
the process of developement has been more
extended, the number of such hypotheses has

gradually diminished.

Thus the somewhat vague discussion as to

the relative probability of Epigenesis and Evo-
lution has led to the laborious and accurate

investigation of the various steps of the forma-
tive process or developement of the foetus, and
the conjectures as to the forces or causes which
give rise to the growth of the new animal have
fallen into comparative neglect; the erroneous
notions respecting the source of the germs of
male or female offsprings from one or other
ovary or testicle have been replaced by a more
satisfactory examination of the mode of deve-
lopment of the sexual organs in the early stages

of^ their advancement; and the inquiry as to

the share taken by one or otlier parent in the

process of generation has been pursued in more
modern times by the attentive investigation of
the functions of the male and female organs of
reproduction, upon the same principles that

guide the physiologist in his attempts to explain
any other class of functions of the economy.

Recent writings on our subject are not, how-
ever, altogether free from vague hypotheses of
the same nature as the older theories of gene-
ration above mentioned. The mechanical
explanation of fecundation by the entrance of
the seminal animalcule into the egg has been
revived by one autlior; a second considers
all the changes of development as under the
influence of electro-magnetic currents ; and a
third explains the same changes by attributing

them to a spontaneous motive power and
organic affinitive proiierties of the molecules
of the ovum.

It has been well remarked by Professor

* After these observers may be mentioned Scrres,
Prevost and Dumas, Dutrochet, Rolando, Purkinje
and Valentin, Coste, and others, as contributing
materially to the knowledge of this subject.



GENERATION. 429

Burdacli that llie generative function, com-
prising the i)roductioii of a fruitful egg and tlie

formation of tlie young animal from it, are

natural phenomena not more secret in their

essence than others occurring in organized
bodies, and which, therefore, ought to be
investigated by obtaining a knowledge of the

conditions in which they take place, and of the
operations and changes in which they consist.

The illustrious Harvey in his 51st Exercita-

tion expresses himself thus decidedly a sup-
porter of the tlieory of Epigenesis,—" it is

plain that the chicken is built up by Epigenesis
or the additainent of parts budding one out of
another;" but he does not admit lliat separate

powers, such as the "alterative or immutative,
formative, attractive, retentive, digestive, and
expulsive faculties, or those of apposition,

agglutination, and assimilative nutrition de-
scribed by Fabricius," can be distinguished in

the production of the chicken. He thus limits

our knowledge of the subject in the 54th
Exercitation :

" But as in the greater world
we say Juvis omnia plena, all things are full of
the Deity, so also in the little edifice of a
chicken, and all its actions and operations,

digitus Dei, the finger of God or the God of
nature doth reveale himself." " A more sub-
lime and diviner artificer (than Man is) seems
to make and preserve man ; and a nobler agent
than a cock doth produce a chicken out of the

egge. For we acknowledge our omnipotent
God and most high Creator to be every where
present in the structure of all creatures living,

and to point himself out by his workes; whose
instruments the cock and hen are in the gene-
ration of tlie chicken. F"or it is most apparent,

that in the generation of the chicken out of the

egge, all things are set up and formed, with a
most singular providence, divine wisdom, and
an admirable and incomprehensible artifice."

" Nor can these attributes appertain to any but
to the Omnipotent Maker of all things, under
what name soever we cloud him ; whether it

be the mens divina, the divine mind with
Aristotle, or anima mundi, the soul of the

universe with Plato; or with others natura
nuturuns. Nature of nature herself; or else

Saturnus or Jupiter with the heathen, or rather

as befits us, the Creatour and Father of all

things in heaven and earth ; upon whom all

animals and their births depend : and at whose
beck or mandat, all things are created and
begotten."*

3. Spontaneous generation of animals.—In
this introductory view of the function of gene-
ration, it may be proper shortly to inquire
whether a regular aftiiiation from parent to

offspring be an indispensable condition for the
continuation of the species of every kmd of
animal,—a question somewhat speculative in

its nature, but of considerable interest in rela-

tion to some of the general doctrines of physio-
logy, as well as closely connected with our
present subject. It has already been stated in

t*

Anatomical Excrcitationa concerning the Ge-
•eration of Living Creatures. London, 1663,

general terms that origin by generation and the

f
rawer of reproduction are characteristics bc-

onging to all organized bodies whether of the

vegetable or animal kingdoms. The existence

of life implies the sequence of decay and death,

or in other words, those varied operations and

changes which together constitute the living

state continue to occur in each organized body

for a limited |)eriod only : they sooner or later

undergo a gradual alteration, are less regularly

perfonned, and ultimately entirely cease in

death. But although every individual belong-

ing to the organized kingdom of nature is

necessarily subject to death, the species of each

plant and animal never becomes extinct, but

IS continued upon earth in an undeviating suc-

cession of generations. The origin of a mineral,

on the other hand, is wholly independent of

any pre-existing body of its own kind ; and,

in the mineral kingdom, all those bodies are

held to belong to the same species which agree

in external form, physical properties, and
chemical constitution. The mineral owes its

first origin, as its subsequent increase, to the

simple union of its component particles ; but

the successive generations of every species of

organized bodies constitute an uninterrupted

chain extending from the time of their first

creation, and in which the formation of every

new link that is added depends on its tem-
porary attachment to that which preceded it.

So fixed, indeed, is the law of continued

reproduction of organized bodies, that many
naturalists have, in the absence of more definite

distinctive characters, adopted the circumstance

of reproduction as the only certain means of
determining what individuals ought to be
reg-arded as belonging to one species.

While most naturalists readily admit the

correctness of the above-mentioned general

law, some are inclined to hold that it is not

universally applicable, and that there are excej)-

tions to it both in the vegetable and animal
kingdoms of organized nature. It is among
the simplest kinds of plants and animals that

these exceptions are conceived to exist, and
more particularly among cryptogamic plants

of the nature of mould, small microscopic

animalcules formed in infusions of decaymg
organic matters, and the Entozoa which live in

the bodies of other animals. These living

S
rod notions are supposed by some to arise in-

ependently of others of the same kind, nearly

in the manner of minerals, by the aggregation

of their component molecules, with this diffe-

rence, that these molecules are of an organic

kind. This sort of production without parents

has been termed Spontaneous Generation. It

has also received at different times various

other appellations, such as equivocal, doubtful,

primitive, original, and heterogeneous gene-

ration.

At one time it was a common belief among
scientific men as well as the vulgar that

many animals might be produced by sponta-

neous generation, as for example, the numerous

insects or their larva; infesting putrid sub-

stances, various kinds of worms (Annelida),

and Molluscous animals, as well as even
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some fishes and reptiles ; but the increased

knowledge of the structure and habits of these

animals, and in particular the observations of

Redi* and others, demonstrated the error of

this opinion, and shewed it to have arisen

merely from the circumstance of their real

mode of generation not having been observed.

After this many felt inclined to reject entirely

the occurrence of spontaneous generation iu

any class of organized beings, and at the present

day the question cannot be regarded as by any
means entirely set at rest. I'rom tlie nature

of the observations and experiments required in

an investigation of this nature, there is almost

an impossibility of arriving at a perfectly satis-

factory conclusion ; but so far as the facts at

present entitle us to form an opinion, it may be
stated that spontaneous generation, if it occurs,

takes place in the simplest kinds of organized

beings only; that in most of them it is only

occasional ; and that therefore this form of ge-
neration is to be looked upon as a rare excep-
tion to the usual and almost universal mode of

reproduction by the separation of a living por-

tion from a parent body.
Minute animalcules, the greater number of

which are so small as to be visible only with
the microscope, are formed in the infusions of
almost all kinds of organic matter, such as

starch, sugar, gum, seeds, and different animal
substances, when these infusions enter into pu-
trefaction. The kinds of these animalcules are

very numerous, and the circumstances which
seem to determine the formation of one or other

sort are infinitely varied. Thus the nature of
the substance suspended in the infusion ; and,
in the same infusions, the degree of heat, the

extent of the decomposition, the quantity and
nature of the air admitted, the rapidity with
which it is renewed, and the strength of the in-

fusion or the relative proportion of water and
organic matter in it, all appear to exert a certain

influence in determining the formation of one
or other of the kinds of animalcule.

Two suppositions may be entertained regard-

ing the first origin of Infusoria ; the one, that

of their sponUmeous generation ; the other, that

of their developeinent or evolution from some
pre-existing egg or germ. Those who disbe-

lieve in the first and adopt the second hypo-
thesis hold that the ova of the animalcules exist

in the substances of the infusions, or are float-

ing everywhere in the atmospheric air; that

these ova become developed in that species of
infusion only which is suited to serve as

their proper nidus or matrix ; and that all the

varieties of animalcula; in different infusions

depend upon the infusions being suited, from
their composition or the external agencies to

which they are subjected, to cause the develop-
ment of different sorts of ova. The supporters

of the hypothesis of Spontaneous Generation
liold, on the other hand, that certain changes
of composition of the organic molecules in the

infusions, in whatever way induced, are the sole

cause of the formation of one or other kind of
animalcule.

• De Gcnerationc rnscctorum. Ainsl. 1686.

Spallaiizani,* one of tlie most strenuous op-

ponents of the hypothesis of spontaneous gene-

ration, shewed by very accurate experiments

thai no animalcules are formed when tlie access

of air to the infusion is completely prevented, as

for example, when it is covered with a little oil, or

the vessel containing it is closely sealed ; and
he thence concluded that the germs of the ani-

malcules must exist in the atmosphere ; but the

supporters of the hypothesis consider them-

selves as entitled to hold that no production of

animalcules takes place in these circumsUuices,

merely because the exclusion of the air has the

effect of preventing that s])ecies of decomposi-
tion which they regard as necessary for the

formation of the Infusoria.

It is stated by some experimenters that ani-

malcules are produced when the infusions are

exposed to hydrogen and nitrogen gases, or to

atmospheric air artificially prepared ; in which

it is held that there can be no living ova of

animalcules. Again, it appears from numerous
experiments, that when the infusions have been

exposed to a boiling temperature, which is ge-

nerally believed to have the effect of destroying

the lite of all organized productions, the quan-

tity of animalcules formed is not diminished.

Some air, it has already been stated, must always

be present ; but so far as we are aware, the ex-

periments on this point have not been per-

formed in such a manner as to ascertain, whe-
ther or not, when an infusion is allowed to come
in contact with a considerable portion of con-

fined air, and the whole apparatus is exposed

to a temperature above that of boiling water,

the production of Infusoria may still take place;

and we are consequently obliged, in the absence

of more direct experiment, to have recourse to

analogical reasoning.

The following considerations appear to us to

throw the balance of evidence in favour of the

spontaneous production of Infusoria, mould,
and the like.

Firstly, those organic matters which are most
soluble in water, and at the same time most
prone to decomposition, give rise to the greatest

quantity of animalcules or cryptogamic plants.

Secondly, the nature of the animalcule or

vegetable production bears a constant relation

to the state of the infusion, so that, in similar

circumstances, the same are always ])roduced

without this being influenced by the atmo-

sphere. There seems also to be a certain pro-

gressive advance in the productive powers of

the infusion, for at the first the animalcules are

only of the smallest kinds or Monades, and after-

wards they become gradually larger and more
complicated in their structure; after a time the

production ceases, although the materials are

by no means exhausted. When the quantity

of water is very small and the organic matter

abundant, the production is usually of a vege-

table nature; when there is much water, animal-

cules are more frequently produced.

Thirdly, on the supposition that infusory ani-

malcules are developed from ova, it is neces-

• Tracts on the Nature of Animals and Vegeta-

bles. Edin. 1799, (Iransl.)
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sary to conclude, from Uie experiments already

referred to, tlial tliese ovii are in some instances

derived from llw. atmospliere, but yet the num-
ber of Infusoria is by no means in direct pro-

portion with tlie quantity of air. We are also

reduced to the necessity of holding that every

portion of the atmospheric air is equally im-
pregnated with infusorial !;erms or ova, and
that these bodies may remain for years dis-

solved, as it were, or invisibly suspended in the

atmosphere, and in a perfectly dry state—

a

supixjsition contrary to analogy, and not fully

warranted by the fact that V'lhriones may be

resuscitated by means of moisture after they

have been kept in a dry state for lone; periods.

I'ourthly, it may be remarked that the exist-

ence of ova, as belonging to many of the Infu-

soria, is entirely hyiKJthetical, since most of
these animals are known, when once formed, to

j)ropagate by other means, as by the division of
their whole bodies or by budding.

The production of infusorial animalcules

from solutions of granite, silex, ice. recently

described by Mr. Crosse, we have no hesitation

in pronouncing to be either a mistake, or the

result of changes occurring in admixed particles

of organic matter.

Tlie Entozoa, or that class of animals which
live only in the bodies of others, afford proofs

of spontaneous generation still more convincing

than those already mentioned. These remark-

able animal productions are capable of existing

no where but in the bodies of those animals

which they naturally inhabit : they live either

loose or attached, within cavities or imbedded
in the substance of the textures ; sometimes in

places, such as the alimentary canal or respira-

tory ]iassages, to which the external air has

access, and at other times in close cavities of

the body, into which there is no opening from
without, such as the chambers of the eye, the

serous sacs, cysts, and other cavities, in the

parenchyma of organs, the bloodvessels, &c.
Entozoa do not live for any length of time after

being discharged from the natural places of

their abode ; and they survive a very short time

only after the death of the animals in which
they live.

if Entozoa are not admitted to be the pro-

duct of spontaneous generation, in order to ac-

count for their origin, it becomes necessary to

suppose cither that these creatures themselves

or their ova pass directly from one animal to

another, or that they are introduced through the

medium of air or water. Upon the first sup-
position, carnivorous animals ought to be
afl'ectcd with entozoa, at least in greatest quan-
tity, if not in some instances exclusively ; and
the entozoa infesting any particular animal
ought to be of the same kind as those which
exist in the animal serving it for food. But
such is by no means the case. Herbivorous as

well as carnivorous animals have entozoa, and
in no less quantity, and each animal is the

abode of its own peculiar kind. The same en-
tozoa infest the same animals in all localities

and clnnates ; thus all the human entozoa, with

the exception of the Dracunculus or Guinea-
worm, which is an external parasite rather

than a true entozoon, are the same in all races

of men. Neither do we recognise any simi-

larity between the entozoa infesting animals of

a particular district and allied trilies of animals

living in the neighbouring waters.

In adopting the second sup|)osition that the

eggs or germs of Entozoa may gain the bodies

of animals by circuitous routes, we are met by

many ditticulties in addition to those already

stated in reference to a similar explanation of

the origin of Infusoria. Many Entozoa reside

only in particular organs of the body, and in

the very interior of these organs, as the human
Cysticercus cellulosus in the choroid plexus of

the brain, in the substance of the brain itself,

in the chambers of the eye, 8tc. so that it is

necessary to suppose the ova of Entozoa to have

been introduced into the circulation, carried

through the smallest bloodvessels, and depo-
sited in the places in which they are develo|)ed.

Animals living in the same situations and feed-

ing on the same substances have different kinds

of Entozoa. Tlie ova of some of the Entozoa,

as for example, those of the common round
worm, (Ascaris lumbricoides,) are so large that

they could not pass through the largest even of

the capillary bloodvessels : the ova are so heavy

that they could not be transmitted through the

atmosphere ; and the supposition of the passage

of the ova from parent to offspring is opposed

by the mechanical difticuUy of the transmission,

as well as by the fects that parent and child

are not always affected with the same kinds of

worms, and that though tlie complaint of worms
may be said to run in families, yet many escape,

and one or more generations in the hereditary

succession are frequently exempt from it. En-
tozoa have been observed in the f<ptus of ani-

mals, and sup[X)sing them to be introduced from

without, it would be necessary to hold that the

entozoa themselves or their ova have passed

directly from the mother to the child in the

uterus, or to have traversed a route through

which the globules of the blood are not trans-

mitted.

Some of the Entozoa, we may further remark,

when once formed, are viviparous or bear their

young alive; and with regard to these kinds it

would be necessary to suppose that they may
arise by invisible ova or germs as well as pro-

pagate in the viviparous mode.
These facts appear to us to speak strongly in

favour of the occasional occurrence of sponta-

neous generation,—" a doctrine which, had it

not been applied in many instances where it

was manifestly untrue, would have met with

less ridicule and a more just appreciation tlian

it has usually obtained." The epithet " spon-

taneous," which we have retained as the most

common, is equally inappropriate as applied to

this or to any other of the processes of nature ;

and the analogy of by far the greater number of

plants and animals militates against the proba-

bility of the hypothesis ; but it must at the

same time be held in mind that the organized

bodies in which spontaneous production has

been s;ud to occur differ widely in their general

structure and functions from those which are

reproduced by means of ova; and we are
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scarcely entitled to reject the hypothesis of their

S])oi)taneous generation, merely on the ground
that, in tliis respect, thuy do not agree with the

rest of the animal kingdom. Harvey even,

who established the proposition omne vivum ex
ovo, seems yet to have acknowledged the ne-

cessity of admitting some difference between
the more ordinary form of generation by means
of an egg and that which he called of the spon-
taneous kind.*

In conclusion, we may remark, that while
we feel inclined to admit the e.\istence of spon-
taneous generation among some species of cryp-
togamic plants, infusorial animalcules, and en-
tozoa, it must be held in recollection that many
of these productions, after their first origin,

propagate Uieir species as parents,—tliat the so-

called spontaneous kind of generation is to be
looked upon as no more than an exception to

the general law of reproduction,— and that

therefore extreme caution is necessary in admit-
ting any organized body to be the product of

spontaneous generation upon the mere negative

evidence of the absence of its seeds or ova.

II. SKETCH OF THE PRINCIPAL FORMS OF
THE REPRODUCTIVE FUNCTION IN DIFFE-
RENT ANIM4LS.

Before proceeding to detail the different steps

of Human Generation, which forms the more
immediate subject of consideration in this arti-

cle, we shall endeavour to present a short pre-

liminary sketch of the various forms which the

reproductive function assumes in different classes

of animals.

Reproduction may be divided into non-sexual

and sexual, according as the whole process is

accomplished by one class of organs in a single

individual, or by the concurrence of two diffe-

rent kinds of organs placed either upon one or

upon two separate individuals of the same
sf)ecies ; the first form occurring among the

simplest kinds of animals only, the second be-

longing to all the vertebrated and the higher

classes of invertebrated animals.

1. Nonsexual rtproduction.— Of the non-
sexual mode of reproduction three principal

kinds may be distinguished, viz. first, by divi-

sion ; second, by attached buds ; and third, by
separated gemmsE.

Fissipurous generation.—The most common
form of the fissiparous generation, as the first

of these varieties has been called, is met with

in some of the simpler Infusoria; but it also

occurs occasionally in animals higher in the

scale. It consists essentially in the division of

the parent animal body into a certain number
of subordinate masses, each of which, being

endowed with independent life, becomes a new
individual similar to that of which it originally

formed a part. In some of the Infusoria in

which the process of subdivision has been mi-

nutely observed, fissures are seen to form in the

sides of the animal which is about to be repro-

duced ; these fissures gradually enlarge, and
meeting with one another, completely separate

* See his Exercitations, as before quoted,

pp. 327 and 343.

the parts. In one kind of fissiparous genera-

tion the parent body is split into irregularly

.shaped masses, in some two in number, in dif-

ferent others, four, six, eight, or twelve, and in

one, the Goiiium pectorale, into as many as six-

teen. Each of the subordinate masses, when
first separated from its fellow, has an irregular

shape, from which it gradually passes into the

form and size of its parent.

In a second form of the fissiparous genera-

tion, the infusorial animal is divided into two
equal and symmetrical halves ; in some in-

stances in a longitudinal direction, as in Bac-
cillaria and some V'orticellae ; in others in a
transverse direction, as m Paramoecium, Cycli-

diuni, and Trichoda.

The propagation of the Volvox globator, a
remarkable infusorial animalcule, may perhaps

be considered as belonging to the first of the

above-mentioned varieties of fissiparous genera-

tion.* This animal consists of an external

vesicle of a lenticular shape, moving rapidly

through the water by means of cilia in a whirl-

ing manner. Within this outer vesicle there

are smaller ones of the same kind, in the inte-

rior of each of which still smaller ones may be
distinguished by the aid of a high magnifying

lens. The outer vesicle may be regarded as

the parent, and the inclosed vesicles as its

young, for in propagation the outer vesicle

bursts and is torn into shreds, while the inclosed

ones are set free, each of them to execute its

independent motions in the water, and in its

turn to burst, and thus propagate its like in

discharging those which it contains.

A fissiparous kind of generation is not, how-
ever, confined to the Infusoria, but occurs also

in some of the Cestoidea and Annelida. The
most remarkable example is met with in the

Nais and Nereis. In the first of these genera,

a small portion separated from die tail becomes
the new animal. Before the actual separation

of this caudal portion, it is marked off from the

rest by a notch, and diere are gradually formed

on its sides the joints, hail's, and other indica-

tions of tlie organs of the complete animal in

miniature. The notch enlarges, and the part at

last drops off capable of independent existence.

In tlie Nais, that part of the offspring by which
it is attached to the parent becomes the head,

and in this way, according to die singular

notion of Gruithuisen, who observed this sort

of reproduction witli attention,! the tail of a
Nais may be considered as gifted with perpe-

tual life, since this part is extended into each

of the new descendants. |

We may regard as somewhat analogous to

this kind of propagation the multiplication of

individuals by division, wliich happens occa-

sionally only or from accident in several of the

lower animals which are usually reproduced

* Another view taken of the reproduction of the

Volvox globator is, that the young are lormed in

the manner of internal buds.

t Nov. Act. Nat, Curios, torn. xi.

X The segments of the infusorial animalcule
that is propagating in the fissiparous mode are
united by tlic parts which afterwards become the
tails of the new individuals.
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in another manner. The most remarkable ex-

amples of this are met willi in I'olypi, Entozoa,

and Annelida. When the Hydra viridis is cut

throui;h either longitudinally or transversely,

each segment continues to live and ifrow, and
is gradually furnished with those parts of the

body of which it was deprived by the division.

Tlius, when the polype is divided across the

body, the ]>art with the head and tentacula is

gradually furnished with a body, while ten-

tacula grow on the elongated extremity of the

other part. When, again, the animal has been
divided in a longitudinal direction, and four

tentacula are let\ on each part, the opposite

edges of each segment turn round and unite

so as to complete the tube of the stomach,

and four additional tentacula are formed upon
each.

Segments of the Tape-worm, Filaria, and
also of some other Entozoa, are capable of
living after separation and being converted in-

to independent animals. In the Leech and
Earth-worm, as well as some other Annelida,

the division of the body into two or more seg-

ments is not invariably followed by death, but
some or all of the portions continue alive, and,

acquiring the deficient organs, become con-
verted into more or less perfect animals.

Gcmmiparous geniratUm.—The second form
of non-sexual propagation that deserves our

attention is that in which the new individual

grows upon the parent as a bud or sprout, at

first exhibiting little appearance of the form or

structure of the perfect animal ; gradually as-

suming its form while still attached to the

parent stem ; and being afterwards separated to

enjoy independent existence.

The best known examples of this kind of
generation occur in tlie polypine and coralline

animals, and the process has been observed
with great attention by Trembley in the Hydra
viridis.* In this animal the young polype
makes its first appearance as a small conicil

eminence on the body of the parent : this gra-

dually enlarges and becomes cylindrical ; a
cavity is formed in its interior, which at first is

sejxirate, but afterwards comes to communicate
with the stomach of the parent, so tliat aliments

taken by the parent penetrate into the stomach
of the oflipring. As the new polype enlarges,

the internal cavity ojiens at the free extremity,

where a mouth, provided wilh tentacula, is

formed. The young animal then catches and
swallows food for itself: this food at first finds

its way into the stomach of the jxirent, but after

some lime all communication between the two
stomachs is prevented by the closure of the root

of the stem of the small polype ; and afterwards

tlie ofl'spring is detached from the parent, be-
comes a se|)aratc individual, and in its turn

propagates new ones from its sides. The time
at which the separation takes place seems to

depend in some meiisnre on the quantity of
food within the reach of the parent ; this occur-
ring at an early period when the supply is small,

and when there may be supposed to be a ne-

* Mem. pour scrvir a THisI. do Polypes d'cau
douce. Lcydcn, 1744.

cessity for the young to move about from place

to place in search of sustenance. Sometimes

indeed the sejiaration is much retarded, and the

young ones also propagate while remaining on

tlie parent stem ; so that the (xilype assumes a

branched form, the parent stem bearing families

of several generations.

Tlie Sertularia, Vorticella, Zoantha EUisii,

and Comularia Comucopiae, also propagate by
shoots somewhat in tlie same manner as th«

Hydra.*
Reprodurtion by separated btids orsporuUt.—

Tlie last form of the non-sexual reproduction is

that in which the young are formed from small

detached masses after they are separated ftxira

the body of the parent. These bodies, generally

of a rounded form, may be regarded as buds
formed in the parent body, as those of polypes

are, but detached from it before the evolution

of the new animal begins. They bear the same
relation to the offspring as the egg of higher

animals to their foetus or embryo, and might
be regarded as o\-a but for an important dif-

ference of structure to which we shall after-

wards advert. They are called spora-, germina
granulosa, and gemmae, or germs : they are

homogeneous in their structure, and the whole
of the substance of which they are composed is

converted in the process of their development
into the new animal.

In some animals these sporules are formed
in all parts of the body indiscriminately, and
are therefore found dispersed through it ; in

others there is present a peculiar organ in which
they are formed, constituting the simplest form
of a reproductive organ. The Actinia, Me-
dusae, and some of the lower tribes of MoUusca
belong to the first of these sets. In the Aphro-
dita the sporules lie in the interstices between
the different organs of the animal. In those

animals in which a particular organ is provided

for the formation of the sporules, the name of
ovary is given to that organ,—an application of

the term not strictly correct, as it belongs more
properly to the organ in which complete ova are

produced. The production of sporules from a
particular generative organ is much the most
frequent mode of their formation, and it ob-
tains in the greater number of the lower tribes

of Mollusca.

It is a fact worthy of notice that the spo-

rules of some Zoophytes, as those of the Sponge
observed by Dr. Grant, are endowed with a

faculty of moving, sometimes darting with ra-

pidity in various directions through the fluids

in which they are produced. These motions

seem to depend on Cilia: the sporules are also

provided with a hook, by which they become
attached to other objects when they settle,

• .According to Burdach the propagation of the

Volrox globator, already mentioned, and of the

Vibrio, Cercaria, and Cysticercus, is effected by the

formation of buds, and differs from that of the

polype merely in the buds being fonncd and dis-

charged inwardly. We might, perhaps, consider

the regeneration of lost parts which takes place in

some animals higher in the scale than those pro-

pagating by buds as a manifestation in them of a
similar power.
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preparatory to their growth and conversion into

tlie fixed and iminoveable Zoophyte.
W'e may here recal to the recollection of the

reader that the different forms of non-sexual

reproduction which we have now attempted to

sketch are not confined respectively to par-

ticular classes of animals, for several of these

animals are reproduced in more than one
manner.
The alleged instances of non-sexual propa-

gation occurring in animals higher in the scale

than those already mentioned are very doubt-
ful, and ought to be regarded either as founded
in imperfect knowledge of their reproductive

organs, or as rare exceptions to the general law
of their propagation by the sexual mode. *

2. Sexual reproduction.—The existence in

animals of generative organs of two kinds, and
the necessity of the co-operation of both these

organs in reproduction constitute the distinc-

tion of sex, or of male and female. In sexual

reproduction both kinds of organs produce a
substance essentially concerned in the process.

The product of the female organ, or ovarium,
as it is called, is the ovum or egg, a consistent

organised body of a regular and determinate

shape, in which the new animal is first formed
and resides during its early growth. A whitish

fluid is almost always the product of the male
organ or testicle,—termed semen, or the semi-
nal fluid, from a belief formerly prevaihng that

it constituted, like the seed, the greater part of

the new being.

Nature of the ovum.—The egg is naturally

produced by the female without the concur-

rence of the male, that is, the whole substance

is apparently formed by the female organ, but

* In many of those instances in which female
animals have been supposed to give rise to produc-
tive ova, the males have at first escaped notice from
the smallness of their number or other causes ; and
with regard to others of tlie lower animals, it may
very reasonably be doubted whether the products
called ova have not been rather of the nature of
gemm;e or sporules, such as those formed in the
Actinia and other animals naturally propagating in

the non-sexual manner. As in this predicament
may be mentioned, according to Burdach, Oxyuris,
Filaria, Ligula, Tricuspidaria, and others of the
Entozoa ; Serpula, Sai>ella, and other Tubicola

j

Cirrhopoda, and Mussels, anil Scutibranchiata and
Cyclobrancliiata. The Syngnathus was erroneously
regarded by Pallas, and the Perca Marina by
Cavolini, as propagating without sex. It is, how-
ever, probable that some animals provided with
both sexual organs, and which usually propagate
in the sexual mode, arc occasionally reproduced
without the immediate concurrence of the male.
Thus the female Aphis, after being once impreg-
nated by the male, bears, for a certain portion of
the year, female young only, which are capable of

being reproduced for nine generations without any
of these female animals receiving any new influence

from the male. In the last oF these generations

occurring in autumn, males also are produced which
impregnate the females destined to carry on the same
succession of generations during the next season.

According to some this extension of the fecun-

dating influence of the male through more than one
generation is not confined to the animals just men-
tioned ; but without doubt the instances in which
tliis has been supposed to be the case have been
greatly ovcr-ieckoncd.

the egg so formed is incapable of giving birth

to a new animal unless it receive a certain por-

tion of, or influence from, the seminal sub-
stance of the male. This addition of seminal
fluid to the egg makes no immediate percep-

tible alteration in its structure or appearance,
but awakens in it the power of reproduction,

fructifies or fecundates it by causing a physical

or vital change, the essential nature of which is

not fully understood.

In the egg immediately after its fecundation,

none of the parts of the new animal are

visible. A certain time must elapse during
which the egg is exposed to ceilain favourable

influences of heat, air, &c. before the com-
mencement of those changes of development
and growth in which the formative process of
the new animal consists. The great mass of

the substance composing the egg consists of a

iluid, holding in suspension granules of animal,

albuminous, and oily matter. The form of the

egg is given by the external coverings, and
there is in every egg a determinate part or re-

gion, corresponding in all animals, at which
the small rudimentary parts of the embryo first

make their appearance. To this part of the

egg, which might be called its germ, the power
of independent life and reproduction appears

more immediately to belong; the granular fluid

serves but to afford nourishment to the young
being for a certain period. A gemma or spo-

rule, on the other hand, is generally held to

differ from the ovum in being homogeneous in

its structure, having no investing membranes,
and being entirely converted into the substance

of the new animal produced from it. In the

present state of our knowledge, however, the

distinction between an ovum and a sporule

must be admitted to be somewhat arbitrary.

Tlie position of the male and female genera-

tive organs upon the same or upon different

individuals, and the place or manner of the

development of the young animal from an egg,

are the two most prominent circumstances in

regard to which the forms of sexual reproduc-

tion differ from one another in various animals.

The principal processes in which sexual re-

production essentially consists, are, 1st, the

formation of an egg by the female organs

;

2nd, the secretion of the seminal fluid by the

male organ ; and 3rd, the union of the sexes,

and means by which the seminal fluid is ap-

plied to the egg so as to confer fecundity

upon it.

Hermuplirodite generation.—In some of the

lower tribes of animals belonging chiefly to

the Ainielida, Acephala, and Gasteropoda, the

male and female sexual organs are placed on
one individual, an arrangement of the sexual

organs termed Hermaphrodite, and all the indi-

viduals belonging to one species areconsequently

similarly formed In Insects, Crustacea, some
of the Mullusca, and all the V'ertebrata, the dif-

ferent sexual organs are placed on two distinct

individuals, which are thus constituted respec-

tively male and female. In the greater number
of those animals in which the last-mentioned

arrangement exists, besides the sexual pecu-

liarities, there are in each certain general differ-
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ences in the structure of the other parb of the

body.

In Hermaphrodite animals there are two
modes in which fecundation takes place. In

some of ttie Accphalii, and in the liolothuriee,

the union of the sexual organs necessary for

fecundation takes place in a single individual

;

while in otiiers, as llulix and Lynineus among
the Gasteropoda, copulation, or the union of
two individuals, is rctiuired, and there is mutual
impregnation, the female organ of each animal

being fecundated by the male of the other,

—

a mode of impregnation which also exists in

the common Earth-worm, Leech, and some
other animals. Occasionally we find that three

or more individuals engage in this sort of mu-
tual fecundation, being arranged in a chain or

circle.* (See IIermapheodite.)
Diacious reproduction, or with distinct in-

dividuals of different sexes. Ovipurous and
viviparous generation.—In those animals again

in which the position of the sexual organs on
se|)arate individuals renders copulation neces-

sary, the mode of production of the new animal

from the egg seems to be the most prominent
circumstance according to which the reproduc-

tive process is modified. Thus, while in a
certain number of them the young are born

alive, in others they are hatched from eggs laid

by tlie female parent. This constitutes the

difference between Viviparous and Oviparous
animals ; to the first of which classes Mam-
malia belong, to the second Birds, and most
Reptiles and Fishes. A short comparison of

the more important steps of the generative

Brocess in the Mamniiferous animal and the

lird will most readily explain the difference

between viviparous and oviparous generation.f

* In the Cyclostoma viviparum the texes are
distinct.

t Harvey in the Sixty-third Excrcitation thiia

enforces (he analogy between the oviparous and
viviparous modes of reproduction. " I have
already given you the reason why 1 have drawn
out documents concerning all other eggps from
the cgges of Hens ; namely, because they are

cheap and every man's purchase."— '* Hut there

is more diffiiuliy in the search into the gene-
ration of viviparous animals ; for we are almost
quite debarred of dissecting the humane uterus :

and to make any inquiry concerning this matter in

Horses, Oxen, Goats, and other Cattel, cannot be
without a great deal of pains and expense. But
those who are desirous to make tryal whether we
deliver the truth or not, may essay the business in

Soggs, Conies, Cats, and the like."—" But we in

the entrance of these our observations have con-
cluded that all animals are in some sort produced
out of an egg : For the ftetus of viviparous creatures

is produceti after the same manner and order out of

a pre-cxistent conception, as the chicken is formed
and constituted out of an egge. There being one
and the same species of generation in them all,

and the exordium or tirst principle of them all is

either culle<l an egge, or at lest something answer-
able and proportionable to it. For an Kgge is an
exposed conception from which a Chicken is pro-

duced ; but a conception is an egge retained within,
until! the foetus have attained its just bulk and
magnitude : in other matters it squares with an
egge," &c. ** Besides, as a Cliicken is hatched out

of an Kgg, by the fostering heat of the sitting Hen,
or some other ascititions hospitable patronage, so
also the fatua it produced out of the conception in

In both these classes of animals ova are
formed from the ovary, and in botli the ova
are fecundated within the body of the female
parent. The process by which the egg is sc|)a-

rated from the place of its formation, and the
changes it undergoes in being perfected after

this separation, are the same in both : but after

the fecundation and completion of the egg, it is

differently placed in the two classes ofanimals;
for in biixls the egg passes through the oviduct

and leaves the body of the female |>arent, to be
hatched into life under the influence of favour-

able external agents ; while in the mammiferous
quadruped, the egg remains within the uterus

of the female generative organs, becomes at-

tached to it, and has there formed from it the

young animal, which does not quit the body of
the parent until it is capable of independent
life. The egg of the bird leaves the body of
the mother provided with a considerable quan-
tity of organic matter, by which alone, under
the influence of heat and air, the embryo is

nourished during incubation. The egg of the

mammiferous animal is extremely small com-
pared to the size of the young animal at birth,

and the fcetus consequently draws a continual

supply of the materials of its nourishment from
the uterus of the mother, with which it is more
or less intimately connected. The residence of

the child or young animal in the body of the

mother during its formation and growth is

termed pregnancy, or utero-gestation. •

Ovo-viviparous gineration.—There are other

animals, however, besides Mammalia, which
bear their young alive, as is the case in many
cartilaginous and a few osseous fishes, in

several Ratrachia, Sauria, and Ophidia, and
also in some Gasteroixidous Mollusca, Insects,

Annelida, and Entozoa. But there is an im-
portant difference to be pointed out between
the viviparous form of generation occurring in

these animals and that which belongs to the

Mammalia. For the female generative organs

of the above-mentioned animals, as well as

the eggs they produce, resemble much more
closely in their structure those of oviparous

than those of strictly viviparous animals. As,
in the animals now under consideration, the

the egge, by the soft and most natural warmth of
the parent.—*' And then, concerning that which
relates to procreation, the fixtus is produced out of
the conception in the selfe same manner and order
as the chicken out of the F.gg ; with this only dif-

ference, that in an egge, whatever relates to the
constitution and nutrition of the Chicken, is at once
contained in it ; but the conception ( after the fcetas is

now formed out of it) doth attract more nourishment
out of his parent's womb \ whereupon (he nourish-

ment increases with the fffltus."
—" The first Con-

ception, or Rudiment, therefore, of all Animals is

in the uterus," (this applies to Quadrupeds,)
** which, according to Aristotle, is like an egg co.

vered over with a membrane when the shell is

pilled off." And Harvey finally concludes with

Aristotle : "All animals, whether they be swimming,
walking, or flying animals ; and whether they be
born in the form of an Animal or of an Egge ; «n
all generated after the same manner."

• The nature of the egg of viviparous animals,

which has only recently been fully understood,

will be described in a subsequent part of (his paper,

and more in detail in the article Ovum.



436 GENERATION.

egg is proportionally large, the foetus grows
principally by the assimilation of materials

procured from it, and there is not tliat intimate

connection of structure nor interchange of

substance between the mother and fuetus which
occurs in Mammalia. The term ovo-viviparous

is applied to the variety of reproduction now
under consideration ; as expressing that in it,

although the foetus is produced fully formed
and alive, the ovum is merely hatched within

the parent body. We find, accordingly, tliat

this form of generation is liable to vary, and
occasionally to run into tlie truly oviparous
kind. Thus, some animals which bear live

young at one season lay eggs at another season

of the year, as occurs in some Insects ; and
in others, as Lacerta agilis, the ova remain
within the mother's body for a part only of the

time employed in the development of the young

;

tlie process of hatching beginning and going
on for a longer or shorter time within the

female parent, and being completed as in the

bird without.

In all truly viviparous, in most ovo-vivi-

parous, and also in many oviparous animals,

the ova are fecundated within the parent's

body ; and we find provided for the purpose
of introducing the seminal fluid into the female
genital organs, a more or less complicated ap-
paratus in both male and female, by which
the union of the sexes is brought about. In
the greater number of strictly oviparous ani-

mals, and particularly those that are aquatic,

as osseous fishes and Batrachian Reptiles,

fecundation is operated externally to the pa-
rent body ; that is, there is no union of the
sexual organs of the male and female, but the
ova laid by the female are covered with a
certain quantity of seminal fluid shed by the

male.*

Utero-gestation in the Mammalia is termi-
nated by parturition or the birth of the young;
while in the bird or oviparous animal birth con-
sists in the exclusion of the young from the egg.

At this period in Mammalia, the organic con-
nection between mother and offspring is dis-

solved, and in both viviparous and oviparous
animals the birth is accompanied by important
structural changes, which fit the offspring for

independent life and aerial or aquatic respira-

tion. The young of Mammalia after birth,

though they cease to be organically connected
with the mother, continue to derive a certain

quantity of support from her, feeding on the

milk secreted by the mamma;. But in all

other classes of animals, the young are at birth

capable of feeding on external aliment.

Varieties in respect to utero-gestation and
the developement of the young.—Tliere is con-
siderable variety among different animals in

the degree of perfection at which the young
have airived at the period of birth. Thus,
Insects, Batrachian Reptiles, and some other

* In the land Salamander,which is ovo-viviparous
and breeds in the water, although there is no sexual
union of the male and female, there is yet internal
fecundation, the seminal fluid being carried into

the oviduct of the female along with the water in
which it is effused.

animals leave the egg at a very early period;

differing widely from their parents in struc-

ture and functions, they live for a time in a
masked or larva condition, and undergo after-

wards various changes or so-called metamor-
phoses before attaining the mature condition.

Fishes leave the egg while their structure is

yet very incomplete ; and even in the higher

animals we observe varieties in this respect:

thus, some birds, more especially those build-

ing on trees, are unfledged, blind, and help-

less when the shell is broken ; and some
quadrupeds, among which may be mentioned

the Rodentia, Feline, and Canine species,

are at birth blind and weak, and with little

power of supporting their natural high tem-

perature.* The most remarkable instance

of variety of the kind now alluded to, how-
ever, occurs in the Kangaroo and other Mar-
supial animals, the generation of which de-

serves more particular mention in this place

as it exhibits a considerable deviation from the

more ordinary reproductive process in Mam-
malia, and is attended with some important

modifications in the structure of the generative

organs.

In the Mammalia generally, it has already

been stated that there is an intimate organic

connection between the fcetus and mother, by

means of which the former is supplied with

the materials of its growth. The intimacy of

this union (as we shall explain more fully else-

where) varies much in different tribes of ani-

mals. It is greatest in the placenta of the

human female, and from this there may be

traced a series of animals in which it becomes

more and more loose. According to recent

researches in Comparative Anatomy, there is

also observable in the descending series of

these animals a nearer and nearer approach in

the general structure of the body, and in the

conformation of the generative organs to the

oviparous type. This approach to the ovipa-

rous structure is most strongly marked in the

Marsupiata, as the Opossum, Kangaroo, &c.

and in the Monotremata, as the Ornithorynchus

and Echidna.f
Mursupiute generation.—The fcetus of the

marsupiate animal leaves the uterine system of

the mother or is born at an early period of its

formation, while it is yet of a very small size,

and its organs are comparatively imperfectly

formed. On being born it is introduced by
the mother into the pouch or marsupium
formed by a reduplication of the integuments

of the lower part of the belly, and a short time

after it gets there, the fcetus is found attached

by its mouth to one of the nipples of the

mamma;, which are concealed within tlie mar-

supium. Tlie young of the marsupiate animal

* Under the head of OvUM we shall shew that

all animals undergo changes which constitute me-
tamorphoses of one kind or other during their for-

mation or development.
t See the interesting papers by Mr. Owen on

the Generation of the Kangaroo and Ornithoryn-
chus in the Philosophical Transactions, part ii.

for 1834, p. 333, and in the 'I'rausactions of the •

Zoological Society, vol, i. p. 221.
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there receives its Tocxl by the mouth and is

nourished by digestion at an early (jcriod of its

advancement; and, although its external form
and organization very much resemble that of
the foetus of other mammiferous animals at a
similar stage of their advancement when they are

still confined to the uterus of the mother, their

internal organization undergoes at the time of

their exclusion the same remarkable changes
which occur at birth, and which are connected
with aerial respiration and the independence of

the viUil functions.*

Muuolrematuui generation.—The generation

of the Ornithorynchus and other monotrema-
tous animals deserves also to be noticed here

as differing in some respects from that of other

Mammalia; but, unfortunately, this subject,

which has been involved in obscurity ever since

the first discovery of these remarkable animals,

notwithstanding that several important facts

have been recently ascertained, cannot be con-

sidered as completely understood. The Orni-
thorynchus and Echidna were long regarded as

holding an intermediate place ip respect to

their organization between Mammalia and
Birds. Tlie existence of mammary glands was
denied by the first dissectors of these animals

;

and from this circumstance principally, toge-

ther with the analogy in general structure al-

ready alluded to, the Ornithorynchus was be-
lieved by many to be oviparous. The recent

investigations of Owen liave proved the ex-

istence of mammary glands as well as the

suckling of the young, while they at the same
time shew that the generative organs and the

ova within the ovaries partake in a great degree
of the oviparous structure.t In this approach
to the oviparous type, however, it has been
satisfactorily shewn that the Ornithorynchus
resembles the cl.iss of Iteptiles rather than that

of Birds. The ova of this animal have not, how-
ever, been found in any of its haunts ; and,
although no one has yet had an opportunity
of dissecting the gravid uterus, naturalists are

now inclined to hold the opinion that it bears

its young alive. Should this be fully proved
to be the case, the Ornithorynchus may with
justice be considered as an example among
mammiferous animals of the ovo-viviparous
form of generation, most analogous to that

occurring in the Slow-worm or Adder; the

ovum being, at the time of its descent into the
oviduct, of proportionally large size, and there

being no proper placenta or intimate organic
union between the mother and fcBtus.

Comparison of animal and vegetable repro-

* For the details respecting the structure and
functions of the generative organs of the Marsu-
piata, the mode of passage of the embryo from the
uterus to the pouch, see the article upon the Com-
farative Anatomy of these animals, Marsiumata.
t is curious to note that until the discovery of

the uterus of ihesc animals l)y Tyson, the vaguest
conjectures prevailed respecting their mode of
reproduction, it being even supposed by some that
the ficius grew from the first attached to the nipple,
and consequently originated as a bud.

t The name of Monutremata applied to these
animals, it may be remailtcd, incans tvith one vent,
they having a cloaca.

duction.—In concluding this rapid sketch, it

may not be out of place to introduce here a

few remarks u(xjn tlie analogies existing be-

tween animal and vegetable reproduction.

Tlie seed of plants is generally regarded as

corresponding to the egg of animals. The
seed and egg correspond in being both the

residence of the germ or living part from

which the new organized body spruigs, and

also in both containing a certain quantity of

matter destined for the temixirary nourishment

of the growing embryo ; but the germ is in a

diflerent state in the seed and egg ; for while

in the egg none of the parts of the new being

are visible at the time of its separation from

the parent, the rudiments of the embryo are fre-

quently to be found, small but simulating in some
degree the plant, in the germ of the seed when
it is perfected, and before the commencement
of germination. The circumstances favourable

to evolution give rise to the development of

the embryo in both, but in the animal the

influence of the male conferring fecundity on
the egg makes no perceptible alteration in the

germ, while in tlie plant no part of the seed,

neither cotyledon nor germ, is formed unless

fecundation by the pollen of the male takes

place ; and the seed is not separated from the

ovary or place of its production until the

rudimentary parts of the embryo are already

sketched out.

We have examples of non-sexual repro-

duction of plants among the Cryplogamia, in

which the new plant springs from sporules or

granules endowed with the independent vital

properties of the seed.

The greater number of monocotyledonous

and dicotyledonous plants may be regarded as

hermaphrodite, as both the seeds and pollen

are formed on the same individual, while in

others the position of the sexual organs on
distinct individuals corresponds with the more
common arrangement in the animal king-

dom.*
In different tribes of plants we also observe

examples of occasional propagation in a man-
ner different from the more common one by
seeds or sporules. Thus the buds and branches,

which are the means of their ordinary growth

and increase, may,when removed, be (capable of
independent existence and give rise to distinct

plants, or even when still on the parent stock

may take root and grow anew. Some buds
separate naturally and are evolved in the man-
ner of seeds when placed in favourable circum-

stances ; and in a third class of instances sepa-

rated buds are preserved in the collections of

nutrient matter constituting the tuberous and

bulbous roots by which many plants are pro-

pagated.

To complete the enumeration of the points

of analogy between animal and vegetable re-

production, it may be stated that there is the

same reason for believing in the spontaneous

generation of some of the Cryptogamic plants

as in that of Infusorial animals.

• As in strictly Hermaphrodite, Moncecioot, and
Dioecious plants.
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Tlie following table is intended to exhibit a
synoptical view of the various forms of the

reproductive process

classes of animals.

occurrins in different

• Fissiparous . .

.

Non-sexual ,

l Gemmiparous ,

Sexual

( Parent splits, each part a new animal.

I 1. Tniiisverse.

< 2. Longitudinal.

I 3. Irregular.

^ Parent splits and discharges the young.

S Budding upon the parent slock.

I Separated buds. Gemniic or sporules.

1. On all parts of the body.

2. On one part or organ only.

Hermaphrodite. Both sexual organs on one individual.

1. Self-impregnation.

2. Mutual impregnation.

Oviparous, laying eggs wiiich are hatched.

1. External fecundation.

2. Internal fecundation.

Ovo-viviparous. Eggs hatched within the

maternal body.

Mamraiferous, suckling the young.

) . Monotreraatous.

2. Marsupial.

3. Placental or strictly vivi-

parous.

Dioecious.

III. REPRODUCTIVE FUNCTION IN MAN AND
THE HIGHER ANIMALS.

1. Sketch of this function in man.—In now
proceeding to a more detailed account of the

function of generation, our description must be

confined to the process of reproduction in the

human species and in those animals which are

most nearly allied to man.
The following may be mentioned as the

principal steps of the reproductive process in

the female of the human species.

The human offspring is derived from an egg

like that of all the more perfect animals. Tlie

egg is gradually formed in the Graafian vesicle

of the ovary at the period of maturity. In

productive sexual union the vagina and uterus

receive a certain quantity of the male seminal

fluid, and a series of changes are induced in

the female generative system which have the

effect of dislodging one or more ova from their

residence in the ovary, and of bringing these

ova into contact with the seminal fluid, in

order that they may be fecundated or rendered

fruitful. The mechanism of the discharge of

the ova is the following. The Graafian vesicle

swells, and bursts at its most prominent part.

The ovum escaping from its interior is received

by the fimbriated cavity at the commencement
of the Fallopian tube, along which tube it

gradually passes until it reaches the interior of

the uterus, where it arrives probably in ten or

twelve days after sexual union. There is every

reason to believe that before the ovum reaches

the uterus it has already been exposed in some
part of the genital organs to the influence of

the male semen, and that it is consequently

fecundated. W e shall have occasion after-

wards to inquire more minutely into the place

and manner of this fecundation. The female

is now said to have conceived or to be impreg-

nated, and the ovum to be fecundated. We
shall endeavour, for the sake of clearness, to

bring tlie history of the steps of this process

under the three distinct heads of, first, the

changes of conception as regards the female,

secondly, the process oifecundation as relating

to the male, and thirdly, the effects of the union

of the male and female product.

Before the ovum reaches the uterus a change

has already commenced in the interior of that

organ, which in its farther progress has for its

object to bring about an organic union between

the uterus and the foetus with its coverings. The
miimte embryo soou becomes visible in the

ovum, has envelopes formed over it which

become connected with the lining membrane
of the uterus, and as it advances in growth

continually receives a supply of nourishment

from the bloodvessels of the uterus. It is

nourished in this way during the whole of its

intra-uterine life, at the termination of which
the child is brought into the world or born,

being expelled from the uterus by those pain-

ful efforts and contractions of the uterus con-

stituting parturition or labour. The child is

now ca])able of being nourished by digestion

of food in the stomach, independently of

any organic connexion with the mother, and
breathes air by its lungs. Although all or-

ganic connexion, however, between the mother
and child is now dissolved, yet the infant is

for a time dependent on the mother for nou-

rishment, receiving by sucking from the mam-
ma; the milk, which it assimilates by its own
independent powers. In the present article

our object is to describe only the processes of

conception and fecundation, referring to the

article Ovum for an account of the growth of

the fojtus, and to the articles Utekus, Ovary,
&c. for the more minute anatomical and
functional relations of these organs in the

unimpregnated and impregnated states.

Orguns of reproduction.— The organs of

re])roduction in both se.\es are frequently divi-

ded by anatomists into external and internal,

according as they are situated more or less near
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the surface of the body ; but a more suitable

arraiijfement of tliese organs in a functional

point of view is th»t which is founded on the

part which each of them is destined to perform
in the generative act. The male organs consist

of the penis and urethra, testicles, seminal vesi-

cles, seminal ducts, prostatic body.and Cowper's
glands: the female organs, of the vulva, clitoris

and nymplix, vagina, uterus. Fallopian tubes,

and ovaries. The testicles in tlie male and the

ovaries in the female are the productive organs,

."ecreting or forming by an organic process the

product of ciich respective sex ; the vasa defe-

reniia and vesiculse seminales conduct and
retain for a time the seminal fluid ; the Fallo-

pian tubes conduct downwards tlie ovum from
tlie ovary to the uterus ; the uterus receives

and retains the ovum during pr^nancy or the

formation of the child. These constitute the

internal organs; the remaining parts are the

external organs, and are chiefly connected with

sexual union or the expulsion of the products

from the body. The glans penis, the clitoris,

and the neighbouring parts are the seat of that

feeling which accompanies the venereal act:

the penis, with its urethra, serves to conduct
the seminal fluid into the vagina and uterus of

the female : the vagina, besides receiving the

seminal fluid, is the issue for the child when
it is expelled from the uterus in parturition.

Puberti/-— It is only during a stated period

of life that animals are ca|>able of reproduction.

In infancy, youth, and old age the functions

of the sexual organs arc in abeyance. The
name of puberty is given to that period of life

at which either sex first becomes capable of re-

production, at which time various important

structural and functional changes occur both
in the sexual organs and in the whole eco-

nomy.
These changes are upon the whole more

marked in the female than in the male, a cir-

cumstance which may be attributed to the

longer and more intimate connexion of the

female wiUi the product ; the maternal parent

afibrding a supply of nourishment to the child

during the whole of its intra-uterine life, while

the male does no more than furnish momenta-
rily a small quantity of the seminal fluid

necessary for fecundation.

Structural differences of the sexes,—In in-

foncy and youth the two sexes do not differ

materially in the general shape of the body,
nor in physical powers ; but as the age of

puberty approaches, and the sexual organs
undei-go those changes which fit them for the

performance of their appropriate functions, the

male and female bodies become altered in

form, and acquire a more marked diflisrence,

while the mental and physical powers also par-
take of this discrepancy.

We shall do no more than mention here the

most striking of these |)eculiarities, as a more
detailed account of them belongs to another

place.

besides tliese differences which belong im-
metliately to the sexual conformation, the com-
)wrativi'ly broader shoulders and wider chest

of the male, and the larger pelvis and ab-

domen of the female, arc universally known
as constituting the chief peculiarities in the
general contour of the body. The smaller size

of the whole body in the female, amounting
in general to a tenth of the whole height, the

greater sicnderness of the female frame, the less

prominence of the muscles, the more tapering

and rounded shape of the limbs, the greater

quantity of fat under the skin and elsewhere,

the smaller, smoother, and finer bones, and
the more delicate texture of some other parts

of (he body, are all peculiarities of female

conformation contrasting with the opposite

qualities in the male body. As belonging

to the male may be mentioned the low and
rough voice from the larger size of the larynx

and longer vocal cords,* tlie occurrence of
hair on the chin, upper lip, and cheeks, as

well as over the body and limbs, in which
situations it is rarely met with in the female,

tlie greater physical power and activity, ca|ia-

bility of enuuring fatigue and daring, &c.
As these changes in either sex are gradually

developed, hair grows on the skin covering tlic

symphysis pubis, in the neighbourhood of the

genital organs,t and later under the axillae.

Tlie local changes attendant upon puberty

in the male are the enlargement of the penis,

its more frequent erection, and accompaniment
of this by the sexual feeling; the enlargement

of the testicles, vesiculx seminales, prostatic

gland, and other accessory parts; the more
depending condition of the testicles in the

scrotum ; the secretion of a certain quantity

of the seminal and prostatic fluids ; and, after

the attainment of the full sexual powers, the

occasional spontaneous emission of some of

the seminal fluid, occurring in general at night

during sleep, and being accompanied by some
sexual feeling in dreams.

In the female at this period, both external

and internal organs undergo a considerable

and rapid enlargement ; the mons veneris and
external labia become more full ; the clitoris

and nympha; in many, but not in all, become
susceptible of a certain degree of swelling or

erection ; the breasts enlarge, the vesicles in

the ovaries become dilated, and some of them
more prominent, and there is established a

periodical discharge of a certain quantity of a

sanguineous fluid from the internal genital

organs.

Menstruation.—This periodical loss of blood

demands the attention of the physiologist as

one of the most remarkable of the sexual pecu-

liarities of the human female, and as bearing

an intimate relation not only to the generative

process, but to most of the other functions of

the economy.
The periodical recurrence of the discharge of

blood every lunar month or twenty-eight days

• Comparative measurements have been made
of the length of the vocal cords in twys imme-
diately before and after puberty, and those of the

youne men Itave been found to be nearly double the

length of those of the boy.

t Hence the name of this bone and of the period

of liie of which we arc now speaking—pubm and
puberty.
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has given to it the name of menses or men-
struation: the Greek word catanienia is also

employed to denote it by medical men, and
the English expressions of " the illness" or
" the courses" are those in most common use

among the vulgar.

The menstrual flow of blood lasts usually

for about five days, beginning and leaving

off gradually, and being in greatest quantity

towards the middle of the ]>eriod. The in-

terval is thus generally about twenty-three days.

The discharge in general takes place slowly, or

drop by drop.

The menstrual flow of blood is preceded in

most women by some symptoms of fever, a

quicker and fuller pulse than usual, languor,

headach, pains in the back, and frequently in

the hypogastria or region of the ovaries, and
by many other symptoms of general derange-

ment of the functions, particularly in weak or

unhealthy women. In young women upon
the occasion of the first appearance of the

menses all these symptoms are frequently more
strongly marked.

Menstruation may be regarded as the most
certain sign of the arrival of puberty, and of

the fitness of the human female for msu-riage,

as there are very few instances on record in

which conception has taken place before the

occurrence of the menstrual discharge. It

continues for the whole of that period of lite

during which women are capable of bearing

children ; and after this, when it ceases, a

considerable change in the female constitution

ensues : the " change of life " or " critical

period" is said to have arrived, from the liabi-

lity there then is to the conversion of the

plethoric state, previously relieved by men-
struation, into some morbid affection either of

the sexual or other organs of the body.

During menstruation, the uterus, vagina,

ovaries, and other parts of the genital organs

are usually more vascular and turgid with

blood than in the interval; the mamma;, which
exhibit at all times a remarkable sympathy
with the condition of the uterus, frequently

participate in this increased activity at the

menstrual period, as they then swell and be-

come hard.

Menstruation consists essentially in the

exudation of a fluid resembling blood from

the female genital organs, and principally from

the uterus. Ilaller states that the blood has

actually been observed to proceed from the

uterus in women labouring under prolapsus

of that organ, and John Hunter as well as

others have found the cavity of the uterus filled

with the fluid in women who have died during

menstruation.

Menstruation usually ceases during pregnancy,

and in the majority of women during lactation

also. In those instances in which the monthly

flow has continued to take place during preg-

nancy, there is reason to believe, according to

Haller, that it may have proceeded from the

upper part of the vagina, as the first changes

attendant upon utero-gestation usually close

firmly the neck of the uterus.

The quantity of fluid which exudes during

one menstrual period amounts in general to

five or six ounces ; but this is subject to great

variation from the mode of life of the indivi-

dual, state of her health, diet, and other

circumstances. The quantity is usually greatest,

cseteris panbus, in healthy women living well,

but the increase of the quantity above a certain

point or its diminution below another are

equally to be regarded as unnatural or diseased

states of the action. In tropical countries the

quantity is greater than in more temperate

regions, amounting occasionally to twelve or

even twenty ounces. In I^apland and some
other northern countries the quantity is, on the

other hand, much below the mean, being

occasionally as low as three ounces ; and yet
in both these situations the women are to be
regarded as within the bounds of health.

The quantity of fluid lost in menstruation is

increased by all those circumstances which cause
a determination of blood to the pelvis or its

contained viscera; hence the effect of posture,

irritating diuretics, drastic purgatives, and those

medicines termed emmenagogues.
The nature of the fluid discharged in men-

struation has not yet, we believe, been investi-

gated with suflicient accuracy. It bears a close

resemblance to blood, having generally the

colour of the venous kind. It is generally

fluid, but sometimes coagulates from exposure
to air : it is generally believed to contain less

fibrine than blood, and to be less prone to

putrefaction.

Respecting the causes of the menstrual dis-

charge and its uses in the economy, many very

absurd hypotheses have been advanced in me-
dical writings. It was a common belief among
the ancients that the menstrual fluid exerted a
baneful influence on every living object, plant,

or animal, and many of the institutions and
laws of antiquity, shew that this natural process

was looked upon with abhorrence. The corres-

pondence in the length of time of the moon's
changes with the recurrence of the menstrual

period induced many to believe in an influence

exerted by the moon on the female generative

system; but the error of such a notion is suffi-

ciently proved by the circumstances, first, that

more women are not found to menstruate at one
period of the moon's changes than at another,

and, second, that the women of any place men-
truate at all different times. Besides this, many
women do not menstruate regularly every lunar

month. In some this change takes place

every three weeks, in others every fortnight,

and there are many in whom there is a varia-

tion of one or two days on either side of the

common period of twenty-eight days.

When we consider the circumstances pre-

viously mentioned respecting the intimate con-

nexion subsisting between the menstrual flow

and the processes of reproduction, we shall be
led rather to the opinion that menstruation is

to be regarded as a means of relieving the

female system periodically from an overplus of

blood which exists during the whole of the

time in which it is capable of propagation. It

occurs at this period of life only, it generally

ceases during pregnancy, and it may therefore
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correctly be regarded as the indication of the

presence in the system of that quantity of

nutrient matter, whicli, during pregnancy, is

destined to serve for the nourishment of the

child. We say that this How does no more
than iniliciile the surplus quantity of blood in

the female genital orgiins ; for, as Kurdach
remarks, the loss of six ounces of blood for

ten successive lunar periods amounts to only
three pounds twelve ounces, whereas the fcetus

and its appendages during that period attain

the weight of from ten to lifleen pounds, to

which we might add the enormously increased

weight of the uterus in order to estimate the

whole addition which is made to the uterine

system during pregnancy. Again, during lac-

tation or nursmg the tendency to a super-

abundance of blood or plethora in the uterus

is generally relieved by tlie flow of milk from
the mammx, which, as has already been
remarked, sym])athize very constantly with the

uterus and other [Kirts of the generative system.

Such a tendency to plethora as that we have
just alluded to, it is scarcely necessary to remark,
can have no connexion with lunar or planetary

influences, and we are, perhaps, more justified

in classing it along with those other changes of
the economy which indicate a remarkable ten-

dency in the human constitution to periodical

recurrence of its actions.

Tlic crises of fevers on days terminating

periods which arc most frequently of the dura-
tion of seven, fourteen, twenty-one, or twenty-
eight days, are of this kind ; and it is deserving
of notice that menstruation recurs more fre-

quently in periods, the number of days of
which are multiplies of seven, than io any
otliers.*

It has been attempted to be shewn that the
male is subject to a periodical plethora in some
respects similar to that which gives rise to

menstruation in the female, but without any
just reason, unless we choose to consider as
such the gradual accumulation of seminal fluid,

which frequently Uikes place in healthy men of
sanguine temperament, and which gives rise

to its periodical emission.

With regard to menstruation we shall only
farther remark that, according to Haller, Bur-
dacli, and some others, women are more liable

to become pregnant immediately or within a
few days after the cessation of menstruation
than at other parts of the interval ; the probable
reason of which will appear from detads given
in a subsequent part oi^ this article.

PericHliiat heat in animals.—None of the
lower animals in the natural state appear to be
subject to anything like a menstrual change or

periodical discharge of blood. In lascivious

Apes and in some of the domestic animals fed

• According 10 the researches of Mr. Robcrton of
Manchester, detailed in an interesting paper, pub-
lished in tbe Edinlmrgb Med. and Suig. Journal,
vol. xxxviii. n. 237, out of 100 women, in sixty-eight
the menstrual discharge returned every fourth week

;

in twenty-eight every tliird week ; in one every se-
cond week ; in ten at irregular intervals. These
varieties usually exist as family and coDslitutional
peculiarities.
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highly, an exudation of blooily mucus from

the vagina and external genital organs of the

females .sometimes occurs, but this is manifestly

quite different from menstruation. Tliere is,

however, in most of the lower animals a very

obvious periodicity in the functions of the

reproductive organs ; fur while the human
female is, during a certain periixl of life,

nearly equally fit for pro|)agation at all times,

this is the case with very few animals, and,

indeed, chiefly among those living in the un-
natural state of domesticity.

At certain seasons of the year there occurs

in most of the lower animals a determination

of blood to the genital organs of the female,

accompanied by sexual desire, which leads

them to the propagation of dieir species. This

stale of excitement, generally named " the

heat,"* lasts for a longer or shorter period ; in

tlie ewe for twenty-four hours only, in the

covr and mare for a few days, in the bitch

nine or ten days, and in the hen-pheasant for

as long as two months. In most animals, after

it has run its accustomed course, it disappears

naturally, but it is more certainly and sooner

dispelled by fruitful sexual union.

llie heat belongs more properly to the female

than to the male, as there are many species

whose females receive the male only at par-

ticular seasons, while the male is at all limes

fit for propagation. In others, constituting the

majority of instances, the male organs are sub-
ject to the samej>eriodical increase of activity

as the female. The male in these animals is

usually in heat at an earlier period than tlie

female.f

In some animals there is a more frequent

periodical return of the heat than in others

;

thus the ewe which remains unimpregnated
conies in heat every fourteen days; the cow
and some apes, the mare, ass, and buffalo

every four weeks ; the sow every fifteen or

eighteen days ; but in these animals the high
feeding attendant on domesticity may very

probably occasion a more frequent and less

natural return of the period of heat than would
occur in the wild state.

It would appear that the season of the year

at which animals most commonly breed is

subject to very many and extensive variations,

according to the temjierature, latitude, and
other circumstances connected with the country
which they inhabit.

During the continuance of the heat a peculiar

odour is exhaled from the genital organs, and
there exudes chiefly from the external organs

some bloody mucus, whicli, in some lascivious

apes, resembles blood so much as to have

given rise to the belief already alluded to that

these animals menstruate.

Age at which puberty occurs.—The appear-

• Termed the Rut in the deer, wild boar. Ice.

i In some male animals the signs of heat are

very apparent. The fine colour of the plumage nf

most male birds in the breeding season, tbe deep
colour of the comb, &c. in gallinaceous fowls, ibo

thickness and bushy hair i.t the deer's neck, the

greatly enlarged si/c of the testicles in lbs cnck-

sparrow, may be mentioned as famili.ir examples.

a G
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ance of puberty is pradual in botli sexes, but,

upon the whole, more slow in the male than

in tilt female. The age at wliich it takes place

varies in the same and in different countries

according to the mode of life, physical and
moral education, and other circumstances. It

takes place at an earlier age in woman than in

man : in the former most frequently in this

country at from the age of thirteen to sixteen

years, in tlie latter from fifteen to eighteen

years; but instances are not unfrequent of

girls menstruating and of boys passing into

manhood one or two or even more years sooner

or later than the above-mentioned periods, as

from ten or eleven to twenty or twenty-two

years.*

These variations are to be considered as

dependent on constitution in the greater num-
ber of instances; but in respect to their

occasional causes, it may be stated that all

those circumstances which produce a determi-

nation of blood to the sexual organs or pelvic

viscera, which relax the body generally, or

turn the attention of the young to tlie sexual

function, tend to bring on sooner than natural

the local changes of puberty. \\ arm rooms,

a sedentary mode of life, particular kinds of

reading, and some bad habits are all hurtful in

this respect.

According to the observations of many tra-

vellers, puberty arrives sooner in warm than

in temperate climates ; and some have hence

too hastily concluded that the warmth of the

tropical country has been the cause of the more
precocious appearance of menstruation in wo-
men and puberty in men, an opinion the error

of which is shewn by the fact that instances of

very early puberty aie not unfrequently met
with in liigh northern latitudes.f The occur-

• Accord'ng to Mr. Roberton's observations pre-

viously quoted, the i'oUowing are the ages at which
450 women began to menstruate :

In their 11 tb year 10 women.
„ 12th „ 19 „
„ 13th „ 53 „
„ 14th „ 85 „
„ 15th „ 97 „
„ 16th „ 76 „
.. 17ih „ 57 „
„ 18th „ 26 „
„ 19th ,. 23 „
„ 20ih „ 4 „

This table shews that the age of puljerty of females
in this country extends over a considerable number
of years, and is more equally distributed than is

commonly alleged.

t 'I'he opinion that menstruation happens at an
earlier age in warmer climates is very generally enter-

tained, as may be seen by a reference to the works
of Halier, IJoerhaave, Denman, Burns, Dewees,
and others. Mr. Koberton has successfully sliewn

its inaccuracy by an appeal to the tacts stated by
modern travellers, as Hearne, Franklin, Richard-
son, and Back with regard to the Northern Cana-
dian Indians ; by Lyon and Parry with respect to

the Esquimaux ; by Clarke in reference to the

Laplanders; and by Tooke in relation to the

Northern Russians; all of whi'. h shew that puberty

is attained in the arctic regions at least as early

as in more temperate climates. On the other Itand,

from the evidence of Crawford and Raffles relative

to the inhabitants of the Indian Archipelago, of

Messrs. Ellis and Browne (missionaries) in regard

lances of marriages, therefore, or sexual union

at the early age of six or seven years in the

South Sea Islands and elsewhere is to be looked

upon rather as a proof of the barbarous and
debased state of civilizittion of these people,

than taken as an evidence of their being fitted

by nature for the functions of propagation at

the period of life now mentioned.

There do sometimes occur, however, in all

nations unfortunate examples of precocity in

the development of the sexual organs and
activity of their functions. Thus in male or

female children of four and even of only three

years old all the changes of the sexual organs,

and some of those of the body generally, which

belong to puberty ofa more advanced and tiatutal

age, take place. The attention of such children

is soon called by their local feelings to the

condition of the .sexual organs, and vicious

habits are induced, which, from the misery

they carry along with them, it becomes the

duty of the medical man to counteract by all

the resources of his art.

Period of life during which the generative

Junction is exercised.—The length of time du-
ring which the male and female of the human
species retain the power of propagation is sub-

ject to the same variations which attend the

arrival of the age of puberty. The most healthy

women are in general capable of bearing chil-

dren between the ages of fifteen and forty-five,

or for a period of thirty years. Meti retain the

powers of their sex for a longer titne, as from

the age of seventeen to sixty or seventy, that is,

for forty-five or fifty years. There are, however,

on record instances of both sexes, but more
especially the male sex, having retained their

respective powers for a longer period than that

just stated ;—of women menstruating a second

time (after the cessation of this function at the

usual period) at the age of sixty or seventy,*

and in one or two instances bearing a child at

that advanced age;^—of propagation in the male
sex to the age of seventy, eighty, and ninety,

and in the celebrated case of old Parr even to

that of one hundred and thirty years.-)-

Among the low er animals the variations in this

respect are so numerous as to preclude the pos-

sibility of our mentioning even the more ira-

to those of Polynesia ; of Dr. Winterbottom on
the native Africans round Sierra Leone ; of the
laws of the Koran in regard to the Arabs; and of

the observations by Russel on the Egyptians, Mr.
Roberton endeavours to prove that though early
marriages are common in warm and equinoctial

countries, yet the period of puberty and of the
capability of procreating is nearly the same as in

temperate and northern latitudes. Mr. Roberton
is therefore induced to form the conclusion that the

variations from tiie standard or more common
period of puberty in different nations are not greater

than the individual ditferences to be observed in

our own country, and that the opinion above
referred to ought to be looked upon as a vulgar
error.

• These instances are very rare indeed. Mr.
Roberton states that of 3000 women delivered in the

Manchester Lying-in Hospital, only one was above
fifty years of age.

t See Halter's Elcmenta for an enumeration of

such examples.
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portanl in Uiis place. Tho male of some in-

sects, it is well known, die as soon as thry have
fecundated tlie female ; many plants and ani-

mals propagate only once, while others give
rise to many successive families; but we are

not acquainted with any jrencral law to which
such diH'ereiices can be referred.

Kff'iels of cmtrnt'um.—Nothing illustrates in

a more striking manner the intimate relation

which the sexual function bears to the general
organization and functions of the body than the
effect of castration, or the removal of the forma-
tive and essential parts of the sexual organs in

either sex. When both the ovaries or testicles

have been removed or destroyed, the power of
propagation is of course entirely lost. When
this operation is performed at an early age,
there is also caused a remarkable alteration of
the constitution and general habit of body of
the animal. The functional and structural pe-
culiarities of the body liecome less marked, and
there is a great tendency in general to the uni-
versal deposition of fat in different textures.

In the ca.strated male, the form and texture
of the body approaches that of the female, and
the mental faculties seem to partake in a certain

degree of a similar modification. The voice
remains high and clear; and hence the barba-
rous custom prevailing to the present day in

Italy and elsewhere of making eunuchs for the
sake of their high voices in singing.

In the spayed female, on the other hand,
there is a certain approach to the characters of
the male. In women in whom it has been
necessary to extract the ovaries on account of
disease, the bones and muscles have been ob-
served to have a more masculine contour, the
voice is harsh like a man's, the breasts are flat,

and there is frequently a formidable beard, and
hair on different parts of the body.
The same or similar circumstances have been

remarked in those unfortunate malformed indi-

viduals who present an approach to hermaphro-
dite formation, or in whom there is imperfect
development of either the male or female geni-
tal organs. So also it has been observed that
the females of some animals, as the sow, phea-
sant, and |)ea-heii, and even the human species,
when the period of life for propagation is

passed, assume some of the male characteris-
tics, such as the plumage in the birds men-
tioned, bristles in the sow, &c.

It is well known that the annual change of
the horns in deer is intimately connected with
the generative function. Mr. J. Hunter first

shewed by experiment that when the deer are
castrated while the horns are complete, they
remain jiermanently and are not changed as in
the natural condition ; and that, if the opera-
tion be performed when the horns have fallen,
they will not again be renewed.

Tlie operation of castration, particularly when
it is not performed till late in life, while'it pro-
duces complete sterility in the female and im-
potence in the male, does not entirely destroy
sexual desire, for eunuchs and the castrated
males of many animals are known to be lasci-
vious. Some writers would even have us believe
that it is possible for the power of propagation

to remain in the male after castration. These
cases appear extremely doubtful, and, even ad-

mitting the truth of the statement that a cas-

trated male has pro|)Ugaled, this by no means
invalidates the statement that the removal of
the testicles has destroyed all productive power,

becau.se it is possible that some seminal fluid

may have been retained in the seminal vesicles

and vasa defercntia. The operation does not

prevent the erection of the penis or venereal

orgasm from taking place ; consequently the

act of sexual union, and even some emission of

fluid from the vesiculx- seminales and prostatic

body, may occur in the castrated animal ; and
in some kinds of animals, it may further be re-

marked, that the union of such males with the

females, though altogether unproductive, is

attended with several of the more important

changes which belong to fruitful sexual union,

such as the excitement of the internal organs of
the female, the discharge of vesicles from the

ovary, and the formation of coi-pora lutea.

Tlie removal of one testicle or ovary only

does not appear to be attended with any change
in the sexual or other functions ; and it appears

to be equally inconsistent with fact, tliat those

originally provided with only one of tliese

essential organs, are endowed with less procrea-

tive power than others, as that those who are

said to have had more than the usual number
are remarkably salacious or fertile.

3. Sexual feeliiig.—In all animals in which
the distinction of sex exists, the first act of the

generative process or the union of the sexes is

insured by instinctive feelings experienced by
both of them in a greater or less degree.

These feelings generally depend upon the con-

dition of the body, and in particular of the

genital organs, wiiich at the time of pro-

pagation are in a greater than ordinary slate

of excitement. From the increase of peculiar

secretions, at the breeding season, the odour of
the genital organs of animals becomes stronger

than at other times, and seems to have a very

direct effect in exciting the sexual appetite.

These feelings are in the greater number of
animals strongest in the male, and he conse-

quently generally seeks the retiring female;

but in other instances the reverse is the case.

In the human species also, similar feelings

exist, but under the control of the intellectual

and moral powers of the mind. Hence the

immense variety we observe in the effects of the

exercise of the sexual passions on different peo-

ple, and hence the various modifications which
they undergo from the state of civilization

among different nations; on the one hand
being productive of scenes and habits of dis-

gusting obscenity among those barbarous peo-

ple whose propensities are unrestrained by
mental cultivation ; and on the other, attended

by social ties and higher intellectual ideas

among tliose in whom, from education and the

cultivation of the mind, the bodily appetites or

f)assions, subject to the reason, assume a milder,

ess seltish, and more elevated character. Hence
it comes that the various customs of different

nations, legislative enactments of ancient and

modern statesmen, and even some religious in-

2 o 8
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junctions and ceremonies relating to marriage

and concubinage, are to be regarded rather as a
]iicture of the state of civilJKition among the

different people to which they liave belonged,

and as the result of local situation and circum-

stances, than a consequence of their physical

organization or natural endowments, as some
would have us to believe. But the considera-

tion of these modifications in the customs and
habits of diflierent nations belongs more appro-

priately to the province of the political econo-

mist than of the physiologist.

4. lielatwn of repruduction to the bruin.—
In how far the sexual feelings just spoken of,

and the reproductive function as a whole, are

connected with the brain or any of its pai-ts, we
leave to be discussed by others. We shall only

remark in this place respecting this connection,

that the mental feeling and local affection rela-

ting to sex are very intimately associated toge-

ther; on the one hand, the local irritation of

the genital organs exciting mental desire, and
on the other, the erection and other signs of

affection of the sexual organs being immediately
caused by all those ideas and passions of the

mind which bear a relation to sex. In the

same manner as the action of the heart, the flow

of the blood in some of the bloodvessels, the

processes of digestion, respiration, and secre-

tion are modified by mental emotions, the sexual

function may be regarded as subject to their

influence, and consequently subject to modifi-

cation from the condition of the mind or brain.

In the phrenological system, as is well

known, it is held that the cerebellum is

that particular part of the encephalon which
presides over the sexual function,—in other

words, that sexual feeling bekmgs to the cere-

bellum as its sensorium commune, to which
impressions of a sexual kind proceed, and from

which emanates sexual desire, as well as the

influence under which the reproductive organs

execute their appropriate functions. The proofs

alleged in favour of the phrenological hypothesis

are principally of the following kind : 1st, that

the back of the head and neck, and particularly

the cerebellum, is largest in those of the human
species who shew much sexual love, and among
animals in those in which sexual feeling and

productive power are greatest; 2d, that local

affections of the genital organs, and variations in

the degree of sexual desire, frequently coincide

with congenital deviations from the natural

form and structure of the cerebellum, and

morbid organic changes of that organ, such

as inflammation, suppuration, effusion, tu-

mours, and softening, or violent injuries, such

as wounds producing the destruction or re-

moval of poitions of the same part of the

brain.* \\ e leave to others the examination

of the truth of this view, observing merely

tliat we are not inclined to adopt the hypo-

• The proofs of the connection of the cerebellum

with tlio sexual function may be more fully stated

as follows

:

1st. The coincidence of barrenness or impotence

with hydrocephalus, ramolUsscmcnt, suppuration,

or wounds of the head, and in particular of ibc

back part and cerebelluui.

thesis as already established upon sufficiently

accurate or extensive data ; an<l we would re-

mark that the comparative anatomy of the
brain (in which, nither than in experiments on
annnals, we should feel disposed to place much
reliance, from the acknowledged difficulty

of making correct deductions as to function
from the effects of morbid alteration or artificial

injury of the encephalon) affords very few argu-
ments in favour of the view now alluded to, and
furnishes several facts which militate strongly
against it.

5. Dist'mction of species. Mules.—^The in-

stinctive feelings which lead to the union of
male and female animals of the same si)ecie3

may be looked upon as one of the means pro-
vided by nature for the distinct preservation of
each specific race. So general indeed is the
law that animals of one species propagate with
one another only, that, as we already remarked,
this circumstance alone has been adopted by
some as the true specific character. \Ve shall

see reason, however, to doubt its sufficiency.

While the natural repugnance which the
males and females of different species or
genera have to propagate together may be
regarded as one of the most powerful means
by which the distinction of species is insured,

we must not lose sight of other circumstan-
ces which contribute to the same effect.

Among these may be mentioned, in the first

place, the unfruitfulness which generally attends
the union of different species when it has oc-
curred ; then the difference in the size of ani-
mals, the discordant properties of the semen of
the one and ova of the other, the difference of
season at which nearly allied animals come
into heat, as well as many other circumstances

which put a bar to the extension of races by
promiscuous propagation of species or genera.

In the state of domesticity, however, this,

2d. The coincidence of excited states of the re-

productive organs, as priapism, nymphomania, and
satyriasis, with inflammation of tlie same parts,

3d. Instances occurring in birds (mentioned by
Serres) of cerebellar apoplexy from the persistenco
of unsatisfied sexual desire.

4th. Coincidence of cerebellar apoplexy, inflam-
mation, &c. and diminution of the sensorial power,
with over-exertion of the sexual powers, excess in
venereal pleasures, &c.

5th. Large size of the cerebellum or upper and
back part of the neck in those individuals among
the human species or among animals in which the
sexual desire and reproductive power are greatest.

6'lh. The reverse being the case in those in whom
the function is inactive ; as the small size of (he
back of the neck, &c. in castrated animals.

In endeavouring to ascertain the value of this

kind of evidence adduced in favour of the phrenolo-
gical view, we must consider well the nature of the
alleged facts themselves, and weigh them candidly

against facts of an opposite tendency adduced on
the other side, such as those cases of small size or

absence of the cerebellum, in which the sexual
propensities have been highly developed, and the
converse cases ; and we must, at the same time,

not lose sight of those other experiments and obser-

vations which would tend to shew cither that the

cerebellum is intimately cotmccted with other func-

tions than the reproductive, or that the sexual
powers arc influenced by the condition of other parts

of the brain besides the cerebellum.
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like other laws of the reproductive l\inction, is

subject to some mo<litit".itioii, and we tiiid ac-

cordingly several allied s|Rcies of the domestic
animals breeding freely together ; and there are

not wanting, even in the wild state, examples
of the mixture of distinct s|)ecies.

The animal produced by the union of the

male and female of distinct species receives

the name of Hybrid or Mule, which generally

partakes of the qualities of both its parents in

a greater or less degree. Here again we find

anotlier ed'ectual impediment put by nature to

the mixture of different species, in this circum-
stiince, that the mule, whether male or female,
is usually unfit for propagation. The offspring

of male and female of distinct species is much
more frequently fruitful than tliat of distinct

genera.* The instances of the former are not
few, as in the wild and tame cat, the wild
boar and domestic hog, the pheasant and
domestic fowl, the wild and tame duck.
IJut the instances of the latter or mixture of
distinct genera are very rare, and most of them
re<)uire confirmation. We must at the same
lime always hold in mind that the distinction of
species by naturalists is at all times artificial or

made by man, how much soever he may con-
ceive his classification to be founded in nature,

and those animals which are regarded by one
naturalist as different six.>cies of tlie same
genus are made by others to constitute distinct

genera.

It is well known that in gardens and else-

where, although tlie pollen of very various

plants is almost constantly flying about through
the air, it is only among the most nearly allied

races or varieties that mixture occurs, and the

instances of the mixture of different species of
plants are very rare indeed. Many of the

mixed varieties so produced cannot be pro-

pagated by seeds; so that there is iti the vege-

table as well as in the animal kingdom a con-
.slant tendency to return to the original distinct

sjiecics.

I1>e milt and spawn of different fishes are at

* The following examples of the mixture of
species are given Dy Burdach, but some of them
require coDfirmatioD.
Papilio Jurtina unites with P. Jurtina.

Chrysomcla j£nca ,, C. AIni.
PlialangiumComutum „ P. Opulio.
CyprinusCaipio ,, C. CarassiusorGibciiu.
FringillaCariiuelia „ F. Canaria.
Phasianus Gallus „ P. Colchirus.
.\nas Olor „ A, Anser.
Ana» GlaucioQ «^ A. Quertpicdula.
'IVtrao Tcirix ,, T. t'rogal'us.

Corvus Corone ,, C. Comix.
Canis Familit-iris >, C. Lupus.
Canis Familiaris ,, C. Vulpes.
Equus Caballns „ E. Zebra.
Equus Cabatlus „ E. .Asinus.

Equus Zebra „ E. .Asinus,

Equus Caballus „ E. Quagga.
Capta tlircus ,, C. Ibex.
The examples of genera breeding together aie
inucli less numerous.
Kaua „ Bufo.
TelraoTelrix „ Phasianus Co!chicus.
Capra llicrus ,, Aniilupe Kupicapra.
Ccrvus Klaph'js ,, Bos Taurus f
C'civus Elapus „ Ovis Aries.

the same time floating in the same water, but

even thus brought into close union with one

another, no mixture hap|)cns. The ingenious

experiments of the celebrated Siiallanzani,

who attempted to impregnate artificially the

ova of one animal with die seminal fluid

of anodier, and the unsuccessful atteinpLs of

many to cause different animals to breed toge-

ther, afford still farUier proofs, were they want-

ing, of the number and completeness of the

im|>ediments which nature has opposed to the

promiscuous breeding of distinct species.

The horse and ass are caused, it is known,
to unite by man, and do not naturally do so

;

and in the wild st:ite it is probable that the

exceptions to the general rule before-mentioned

occur only when the male is deprived of his

natural female. It seems scarcely necessary

to state that the stories of fruitful union of
either male or female of the human s|)ecies

with apes or odier animals, considered iLs aa-

thentic by some authors, are entirely fabu-

lous.

In a subsequent part of this article we shall

have occasion to revert to the subject of the

mixture of races in our remarks upon the

transmission of the qualities of the parent to

tlie offspring.

6. iimclioia of the exlenial organs of re-

productitm.—In addition to sexual feelings,

tlie state of turgescence or erection of tlie ex-

ternal organs by which copulation is effected,

is a more or less constant antecedent and
concomitant of the first act of the generative

piucess. This condition belongs more pro-

perly to Uie external sexual organs of the male,

and especially the penis ; but it also frequently

exists in some ports of the female organs.

The erection of the jjcnis producing the

rigidity of that organ necessary to ensure eja-

culation or forcible emission of the seminal

fluid, consists essentially in the increased

quantity of fluid in its bloodvessels, and is

with roost reason to be attributed chiefly to the

peculiar structure and inherent properties of
the tissue, so calleil erectile, of which it is

mainly formed. The manner in which the

greater accumulation of blood in the erectile

tissue is brought about is by no means suf-

ficiently clearly explained. Two different

opinions prevail as to the cause of this phe-
nomenon ; the one, that the flow of blood is

retarded in the veins by the contraction and
consequent pressure of certain muscles situ-

ated towards the root of the penis ; the other,

Uiat die turgescence of erection is caused by
an altered action or condition of the blood-

vessels themselves, peculiar to the erettile

tissue, in which they are capable of admitting

and retaining a greater quantity of blood in

the erected than in the collapsed state.

We must refer to the various anatomical

articles for an account of die structure of the

erectile tissue and the organs inwhich it occurs

;

we shall in this pliice advert to those (mints

only which seem to beat upon the physiological

view of their function.

The flails penis, corpus spmi^iosuni urethra',

and corpoiu cavernosa penis, cousist in great
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part of largely convoluted veins of conside-

rable size ; but these veins are differently ar-

ranged in the last-mentioned of these parts

from what they are in the two first : first in

this respect, that in the glans and corpus spon-

giosum urethra; the tortuous veins are less

dilated and more branched than in the corpora

cavernosa; so that it is more easy to trace their

continuity with one another; and, second, that

in the corpora cavernosa the dilated veins are

bound together and crossed in various direc-

tions by ligamentous fibres and bands,—an
arrangement which, while it tends to obscure
tlie connection of one vein with another, and
causes their tortuosities to appear rather like

cells than conlinuons tubes, at the same time

serves to prevent their distension beyond a
certain point during erection, and thus adds
to the rigidity occasioned by the accumu-
lation of blood in the venous convolutions or

sinuses.

The mode of union of the arteries with the

veins in the erectile tissue of the penis is not

yet well known ; for, although the arteries of

the penis have been traced to very small rami-
fications, corresponding small branches of the

veins have not been observed, and conse-
quently anatomists are nearly in complete ig-

norance of the nature of the small vessels of
communication or capillaries of the erectile

tissue, and are left to conjecture only respect-

ing the means of passage for the blood from
the small arteries into the cells formed by the

convoluted veins. Professor Miiller, of Berlin,*

has lately made an important step in the in-

vestigation of this point of structure, by the

discovery of a remarkable set of little dilated

and ramified branches appended to the termi-

nal twigs of the arteries distributed on the

sides and interspaces of the venous cavities

in the penis of man and several animals;
but so far as we are aware, the exact mode
of passage of the blood from these helicine

arteries, as they have been termed from their

tortuosity, has not been detected, and the

operation of these arterial branches in modi-
fying the circulation, or their relation to the

process of erection, has not been pointed out;
it appears probable that so peculiar a piece of
mechanism must have some connection witli

thisprocess. (See EaECTiiETissuEand Penis;
also i'igs. 98 and 99, p. 146, vol. ii.)

The principal exciting causes of erection

may be referred to the following heads :

—

1. Mental emotions relating to sex : in ani-

mals, odour of the genital organs, more espe-

cially in the breeding season.

2. Nervous atltictions. Kpi'epsy, convul-

sions. Inflammations of the brain, and simi-

lar affections.

3. Warmth or other local irritation of the

penis and sexual organs.

4. A full state of the testicles, their excre-

tory ducts or vesiculje seminales.

• Sec his Archiv. fiir Physiol. &c. 1835, pp. 27
and 220, and his paper, *' Ueber die organischeu
Nerven der erectilen miinnlichcn Geschlectsor-
gane," in the Abhand. d. k. Akdd. d. Wtssensch.
v. Berlin fur 1835.

5. Irritation of the parts in the vicinity of
the penis, as of the urinary bladder by stone,

riding, cantharides, savine, alcohol, Sec; of the

rectum by strong purgatives; and, in short,

every thing which irntiites or determines a

greater than usual flow of blood to the pelvic

viscera or sexual organs.

6. Ligatures, and all other causes of ob-
struction to the return of blood from the

penis.

Erection is an involuntary act ; for we have
neither the power directly to produce it, nor,

when it occurs, to recall the state of collapse.

When the penis is in the state of erection,

however, the rigidity may be increased by the

voluntary exertion of the ischio-cavernosi or

erectores penis, and the acceleratores uriniE

muscles ; and no doubt also by the action of
the muscles lately described by Dr. Houston*
under the name of compressores vena: dorsalis

penis, to the contraction of which, and the

consequent impediment produced to the return

of blood from the penis, that anatomist has

attributed iii a great measure the erection of
the organ.

The turgescence of erection begins at the

root of the penis in the corpora cavernosa, and
at the glans in the corpus spongiosum. The
glans and spongy body of the urethra may,
in general, be made to collapse by pressure,

but the corpora cavernosa cannot unless the

erectile action itself ceases. The arteries of
the penis appear to beat with more than usual
force during erection.

The phenomenon of erection is not confined

to the penis or such parts as are provided with

muscles, but occurs in all situations where
that arrangement of the bloodvessels consti-

tuting the erectile tissue is to be found. The
nipple of the mamma, the cock's comb and
wattles, and the turkey's neck are all affected

in a similar way ; and, although some circum-
stances seem to shew that erection may in

some instances be promoted by muscular con-
traction, we are inclined to adopt the opinion
that it is mainly due to an altered condition

of the bloodvessels themselves, and that it

may in some degree be analogous to the dila-

tation of the bloodvessels which occurs in

blushing, and some other local determinations
of blood.f The large size of the numerous
nerves which accompany the bloodvessels of
the penis is also in favour of this view.

In many animals the penis is furnished with
a bone which adds to its rigidity. This is the

case chiefly among Cheiroptera, Quadrumana,
Solipeda, Digitigrada, Rodentia, Phoca, and
Cetacea. We refer to the articles on Com-
parative Anatomy for a description of the many
varieties in the form of the penis in different

animals, and their uses in the act of propa-
gation.

The texture of which the glans clitoridis

and corpora cavernosa of that body as well as

the nymphiE are formed, is of an erectile kind
and strictly analogous to the corresponding

• Dublin Hospital Reports, vol. v.

t bee the article ClKCULATION, vol. p. 672.
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parts* of the penis, to which the clitoris bears

a great similarity ; and it may be remarked
that there is also a functional analogy, as these

parts in the female sometimes undergo the

cliani;e of erection under local irritation or

venereal excitement.

The gl.ins penis is endowed with a high
degree of sensibility, and is regarded generally

as the chief seat of venereal pleasure ; but this

also belongs to tlie urethra at the time of
emission. The jiapillous structure of the

mucous membrane covering the glans, and the
large quantity of nerves distributed on its

surface, relate to this high sensory endow-
ment.

The lower part of the vagina and the clitoris

in particular are possessed of a similar high
degree of sensibility, and in some women, but
not in all, are the seat of venereal feelings from
excitement ; but in many women such feelings

are altogether absent ; and it is most erroneous
to suppose, as some have done, that these

feelings are in either sex necessary to insure the

fecundating power of the one, or the liability

to conception of the other.

With regard to the uses of the hymen we
have no conjecture to offer.

Tlie vagina, besides serving to receive the
])enis in copulation and to conduct the seminal
fluid to the uterus, is tl\e passage by which the
child issues in parturition.

IV. CHANGES CONSEQUENT ON FRUITFUL
SEXUAL UNtON.

1. j4» regards thejemale chiefli/. Concep-
tion.—The consequenceof fruitful sexual union
in man and quadrupeds is the dislodgement of
one of the ova contained in the ovarium, and
the fecundation of this ovum in some part of
its passage from the ovarium, where it is formed,
to the uterus, in which the foetus is developed
from it.

In now proceeding to treat of the mode in

which these further steps of the generative pro-
cess are brought about, the following subjects

present themselves for our consideration. 1st.

v\ hat changes are operated in the internal

female organs after fruitful sexual union, and
by what means are the ova dislodged from the
ovary ? 2d. What changes do the ovaries or

their vesicles undergo after the discharge of any
of the ova ? 3d. What happens to the ovum
from the time of its discharge from the ovary
until the commencement of the development of
the fcEtus ? 4th. In what part of the female ge-
nerative system is the change of fecundation
effected by the agency of the seminal fluid upon
the germinal jxirt of the egg? and lastly, In
what does the change of fecundation consist, or
upon what ]iroperties of the seminal fluid may
it be supposed to depend ?

These topics comprehend the history of the

functions of the male and female internal gene-

" The glans penis and gtans clitoridif:^ llie nyni'
phit and corpus spongiosum urethrx, and the cor-
por<i cavernosa penis and clitoridis are considered
anatomically as the respective corresponding pares
ill the male and female body.

rative organs, in lo far as they relate to the pro-
cesses of conception and fecundation ; under
which two heads, as has been already men-
tioned, it is our intention to bring the remainder
of the facts respecting generation which come
within tlie limits of the present article. We
shall he^Sn with those facts relating chiefly to

the female, or conception.

The immediate conse<]uence of sexual union
upon the female internal generative organs i.s

their great excitement, and a turgescence pro-

duced by an accumulation of blood in their

vessels. When sexual union proves productive,

this turgescence lasts for some time after it has
taken place, so that in animals opened at this

time, tile ovaries. Fallopian tubes, and uterus

are found to be of a much deeper red colour,

and more vascular than in their natural state.

In the female Rabbit, for example, opened
soon after coition, Uie internal organs are nearly

black from sanguineous congestion.

There also occurs in some of these parts a
change of position in regard to one another,

which is connected with the discharge of ova
from the ovarian vesicles. The fimbriated ex-
tremities of the Fallopian tubes are turned to-

wards the ovaries on each side, and embrace
these organs closely, so that the infundibular

opening is applied against the ovary, and must
of necessity receive the contents of the Graafian
vesicle when it bursts. In some animals the
ovary is inclosed in a sac along with the infiin-

dibulum by a reduplication of the peritoneum,
so that the ovary is kept always to a certain

extent within the infundibulum ; but in other
animals in which the connection between tliese

parts is not of this permanent kind, there is an
equally firm union of them after copulation.

In regard to the means by which this approxi-
mation and union of the fimbrice and ovaries

are brought about, it may be stated, that in

some animals the action seems to be somewhat
of a muscular kind ; for there are strong fibres,

having all the appearance of muscular fibres,

which pass from the ovary towards the fimbri-

ated portion of the Fallopian tube ; and in

these animals, as well as in others even, in

which the muscular fibres are less obvious, irri-

table contraction may be supposed to be a
means of bringing the parts nearer to one
another. The observations of Ilartsoeker and
Haller, however, would ap))ear to shew that

the vascular turgescence which follows co-
pulation, amounting to a state approaching
to erection, may also contribute to give rise

to the change of position now under consi-

deration, for they found by repeated trials

that ;Jie forcible injection of fluids into the

bloodvessels of the generative organs in

the human dead body caused the approxi-

mation of the fimbria! and ovaries. But,
although it may be admitted that vascular tur-

gescence may cause this approximation of the

parts, we would venture to suggest that some
power of the nature of muscular contraction is

necessary to give that degree of firmness to the

union which it is found to possess some time
after copulation.

We must remark, however, tliat when a
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ffiiuile (niiulnipwl is opened immediately sifter

copulaf.oii, i!ie tiiiibiix are frequeiilly not

ob. t'ned to l)C in contact with tlie ovary

;

and this is found to be the case only when
some hours are allowed to elapse between
the copulation and the death of the animal.

Ilai<;liton never found it to have taken place

in the rabbit previous to nine hours after union
with the male, and I)e Graaf nut even before

twenty-seven hours ; but observations of this

nature upon animals opened soon after being

kdled, do not make it certain that the action

had not taken place ; for it may be supposed
that the adhesion between the infundibula

and ovaries had commenced, but was less firm

than it becomes at a subsequent ))eriod, and
that it was merely disturbed by the violence

of the death or rough handling of the body.

This is the more probable, seeing that the

same change of position has been observed to

take i)lace before sexual union in animals in

the state of heat, as by Cruikshank in the rab-

bit, and by llaller in the sheep. In some
birds, particularly domestic fowls and ducks, it

is well known Uiat when they are well fed all

the changes necessary for the formation of an
ovum and its discharge from the ovary may take

place without the concurrence of the male, and
in quadrupeds there is reason to believe that

the turgescence and change of jjosition of the

generative organs above alluded to may fre-

quently occur independently of fruitful or un-
fruitful sexual union, as from excitement of the

generative organs in tlie state of heat, or as in

the cases observed by llaller, of ewes having

connection with wedders or castrated males
only.

There is every reason to suppose that the

same changes which we have described as oc-

curring in quadrupeds after sexual union, take

place in the same circumstances in the human
female ; that is, that the fimbriated infundibula

of the Fallopian tubes are brought near to the

ovaries, and arc made to embrace them firmly,

so as to receive the contents of any vesicles

which may burst ; and that this change is

produced by an action which begins usually

during sexual union, but which may also occur

without any venereal orgasm.

The ovaries, we have already stated, become
unusually vascular during and after sexual

union ; but the changes in the ovary which
most demand our attention, are those connected

with the bursting of the Graafian vesicles, and
the discharge of their contents. In the unim-
pregnated female arrived at the age of puberty,

the Gra;>lian vesicles of llie ovary are of une-

qual size. Some time after sexual union, one

or more of these vesicles, probably those wliich

are at the time farthest advanced, undergoes a

greater enlargement, and from its swelling pro-

jects beyond the rest of the surface of the ovary,

and after various other changes, an aperture is

formed in the most projecting part of the coats

of the vesicle, through which its contents find

an issue. But before proceeding further with

this narrative, we must recall to the recollection

of the reader the nature of tlie ovum, wliich, on

the occasion of the rupture of one of the

Graafian vesicles, is discharged from its inte-

rior.

The ovarian vesicles of man and quadrupetls

are filled with fluid, which, viewed by the nn-
assisted eye, appears to contain only a little

granular and Haky matter. This fluid is coa-

gulated by heat, alcohol, or acids, as albumen
is, and also by exposure to air. The membrane
forming the vesicle consists of two layers, an
external and internal, and the whole vesicle is

covered also by the general peritoneal and vas-

cular envelope of the ovary.

From the earliest times anatomists and phy-
siologists seem to have considered the ovarian

vesicles as the source of the oBsprinij ; and
many, from a sort of loose analogy with ovipa-

rous animals, regarded the vesicles themselves

as the ova in which the viviparous foetus is de-

veloped. The large size of these vesicles, how-
ever, as compared with the Fallopian tubes

through which the ova have to pass, and the

subsequent observations ofDe Graaf, \'allisneri,

and Cruikshank, as later those of I'revost,

Dumas, and others, who found in the first days
after copulation ova in the Fallopian tubes of
a size considerably less than the vesicles of the

ovary from which they had proceeded, proved

satisfactorily that the ovarian vesicles and ova

are not identical. Various conjectures were in

the meantime offered by dili'erent authors as to

the source of the ovum ; some holding it to be

formed by a process of secretion, others by
an organic union of the male semen with the

contents of the Graafian vesicle, and so forth

;

but no one ever observed the ovum itself of

mammiferous animals within the ovary, until

Baer made this important discovery in 1827,

by the examination with the microsco|5e of the

fluid contents of the Graafian vesicle.*

Baer found that, in the centre of a granular

layer, placed generally towards the most promi-

nent part of the vesicle, to which lie gives the

name of proligerous disc or layer, there is fixed

a very minute spheroid body, seldom above

jjijth part of an inch in diameter. The appear-

ance of this body he found to be constant, and
on examining it with attention in the vesicles

of the ovaries, and after their rupture in the

Fallopian tubes, he traced the changes it un-

derwent in the first days after copulation, and
established satisfactorily the identity of this

body with the ova found by previous observers

in the Fallopian tubes and cornua of the uterus;

thus proving by actual observation what had
before been held only from analogy, that in the

mammiferous or truly viviparous, as well as in

the oviparous animal, the foetus derives its origin

from an ovum already formed in the ovary

before fecundation.f

• Epistola de Ovi Mammalium ct Homtnis
Gcncsi. Lipsix, 1827.

t We have no hesitation in giving the sole and
undivi'ied merit of this discovery to the indefatiga-

ble and talented Uaer, whose observationa have con-

tributed, perhaps more than any other single indivi-

dual of the present time, to extend our knowledge

of the early formation of the firtus. We ought not,

however, to omit to mention that Messrs. I'revost

and Dutnas conceived that in two instances tliey

had perceived ova in the ovarian vesicles of quad-
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Some time after sexual union tlie fluid con-

tained in tlie vesicles wliicli are about to burst,

previously transparent and nearly colourless,

now becomes more viscid and tenacious, some-
what turbid and of a reddish colour ; and in

some animals it is possible in such rii>e vesicles

to perceive, with the unassisted eye in a favour-

able light, a whitish ojKique 8|K)t on the most
j)rominent part, indicating the layer of granules

or proligerous disc, in the centre of which the

ovum is situated. After a certain time a small

opening is formed at the most prominent part

of the coverings of the vesicle, the vesicle bursts,

and its contents esca|)e through the opening

;

they are received in the infundibulum, which is

now applied firmly ag;iinst the ovary ; and the

ovum entering the Fallopian tube is conveyed
along it, probably by its slow and gradual ver-

micular contractions, until it at last arrives in

the uterus.

With regard to the time at which the opening
of the ovarian vesicles takes place, there are

considerable varieties in the same and in ditfe-

renl animals. In the sheep, the vesicle has
been found burst so early as at two hours after

coition. In the dog, llaller found the vesicles

burst before the sixth day ; in one instance the

day after coition ; but I'revost and Dumas, not
until the seventh or eighth. In the rabbit,

Cruikshank observed vesicles burst two hours
after coition, while Haighton considers forty-

eight hours as the usual time at which the rup-

ture happens in this animal. M. Coste has

observed it most frequently between the second
and third day in the rabbit.

After the bui-sting of the Graafian vesicles,

there occur in ihem and in the neighbouring
part of the ovary some important changes of
structure, which claim our attention in this

place as intimately connected with that part of
the process of conception which is now under
consideration.

If the Graafian vesicle which is enlarged

from venereal excitement and is ready to burst,

be examined with care, it will be seen that at

the most prominent part of its coats the blood-

vessels converge towards the point at which

rupcds, (Anna!, tl. Scipn. N.it. loin. iii. p. 135,)
but without %ny certainty or exact knowledge as to

their nature. M. Coste, with a spirit of appropria-
tion too common, we regret to say, among bis coun-
trymen, has taken advantage of some speculative
views and strained analogies brought forward by
Bacr concerning the bodies which be discovered, in

whici) he compared them (erroneously as we think)
to the genninal part only of the ovum, rather than
to the ^holc ovum of the oviparous animal, to take
from the merits of Baer in their discovery ; but we
feel assured that every unprejudiced inquirer who
reads with attention Baer s admirable ** Epistola

de Ovi Mamnialium et Hominis Genesi," in which
his discovery was first announced in 1827, and
compares it with other works on the subject,

will Le convinced that Baer has no sharer in the
discovery, and fully understood the nature of the
ovarian ovum of viviparous animals -, although
it ,may be the case that subsequent investigations

have added considerably to the knowledge of the
relations of these ova. We shall return to a more
minute detail of this body in considering the process
of formation of the ovum in the prcacnt article and
under the article OvuM.

the rupture afterwards takes place, and this

jioiiit is itself comparatively destitute of bluod-

vessels.*

At the time of the formation of the oiiening

into the vesicle, from the division of some of

the bloodvessels, a small quantity of blood is

generally mixed with the fluid contents of the

vesicle ; and after the vesicle has been emptied
of these fluid contents, their place is generally

supplied by a greater or less quantity of coagu-

lated blood, probably poured out by the same
ruptured vessels.

The membranes of the vesicle at this time

have become thicker than before : the inner

one in particular appears more vascular and
uneven, perhaps in part from its being puckered
up on the vesicle becoming flaccid and com-
paratively empty. Tlie wrinkled appearance

on the inner surface of the vesicle increases,

and there grows gradually out from it a new
substance which comes to occupy the whole
cavity of the vesicle ; and in many instances,

as this new substance is formed in greater

quantity than can be contained within the limits

of the vesicle, it jirotrudes some way out at

the opening of the vesicle, forming a dark red

prominence like a nipple, which rises above
the neighbouring surface of the ovary. This
substance, at the time of its first formation, is

of a pink or reddish colour, but as it becomes
gradually less filled with blood it acquires a
yellowish hue, which is more or less apparent
in different animals. In the human species it

is of a bright yellow colour, whence the name
of corpus luteum applied to this new produc-
tion of the ovarian vesicles.

The substance of the corpus luteum has a
lobular structure; the lobules radiating in a
somewhat irregular manner from the centre to

the circumference. The central part of the

corpus luteum frequently remains hollow for

some time after its production, opening ex-

teriorly by a narrow passage from the place

where tlie rupture of the vesicle originally took

place; at oilier times this passage is closed

more early, and there remains nothing but an
indication of its place in a depression in the

centre of the most projecting |)art of the corpus
luteum. Hie lobules of the corpus luteum,

examined with the microscope, exhibit merely

a granular structure, and are not formed of

acini, as some have described them, so that

there is no reason to consider these bodies as

of a glandular nature.

The size which corpora lutea attain when
fully developed varies much in the same and
in diflt>rent animals. In the human female

they become as large as a common hazel-nut ; in

the cow they are sometimes as large as a ches-

* The ovarian capsiUes of the bird, which are

obviously the analogous paru of the ovarian

vesicles of quadrupeds, present on their most pro-

minent part a remarkable band, extending for

nearly one-third of the periphery : towards the

margins of this band the small bloodveuel* all

converge, but they do not pass upon the band
itself, so that it is left free from bloodvessels. It

is in tliis non-vascular or less vascular pan of llie

capsule that the rupture lakes place when the yolk

escapes.
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nut ; and in the sow or ewe they are somewhat
larger than full-grown peas.

Tlie corpus luteum may, by dissection, be
easily separated from the surrounding pans and
turned out of the ovary; and when this is

done, the external membrane of the original

vesicle remains linuig the cavity left in the

ovary. From this it would appear that the
corpus luteum is most intimately connected
with the inner membrane of the vesicle ; and,
in fact, Uaer* observed that, before the rupture
of the vesicle in the dog, the inner membrane
had become thickened, rugous, and of a villous

structure, as if the corpus luteum grew from
that internal membrane itself. This observa-
tion also makes it probable that the growth of
the corpus luteum may contribute to cause the

rupture of the vesicle.

The corpus luteum at first increases gradu-
ally in size, remains for a time stationary, and
then decreases till it either wholly disappears
or leaves only a small mark or cicatrix to indi-

cate its place. The time at which it attains

its full size seems to vary considerably. In
the sheep two or three days are sufficient for

the formation of the corpus luteum, and its

cavity becomes obliterated within a fortnight

after copulation. Ilaller found corpora lutea

in the dog on the sixth day ; Cruikshank
observed the corpora lutea to go on progres-
sively increasing till the ninth day in the
rabbit; and it is probable that in the human
species the corpus luteum is not fully developed
till after the second month of pregnancy.

After the corpus luteum has attained its full

magnitude, its colour becomes paler and of a

clearer yellow; its size then gradually dimi-
nishes, its tissue becomes more compact, its

cavity is obliterated, and it is converted into a
body nearly solid. It generally retains, during
utero-gestation, a considerable size, and this

remark applies especially to the human species,

in which it diminishes much more rapidly in

size after than before the birth of the child. In
some animals it at last wholly disappears; in

others, among which is the human species, it

always leaves some mark.
In what has now been said regarding the

corpus luteum, that body has been described

as it is formed in the place of a vesicle which
has been burst after fruitful sexual union ; but
we may remark that the same series of changes
always follows the rupture of an ovarian

vesicle from whatever cause that may have
proceeded. It is now well known that in

some animals the rupture of ovarian vesicles

and subsequent changes take place without

sexual union merely from the state of heat or

venereal excitement of any kind, while in

others these phenomena are never observed

but as accompaniments of conception. The
sow and mare belong to the first of these classes

of animals. The rabbit, bitch, ewe, and cow
may be mentioned as examples of the second, as

also is generally the case in the human female

;

but in woman, as in some other femaleo, various

circumstances induce us to believe that the

* See Epiatola, &c.

rupture of ovarian vesicles and the formation

of corpora lutea in their place occasionally

happen without sexual union from all those

causes which excite greatly the sexual organs;

and we are not, therefore, inclined to admit
the presence of a corpus luteum, taken alone,

as a certain sign of sexual union having oc-

curred ; though conjoined with other signs, the

presence of one or more corpora lutea or the

appearance of ruptured vesicles must be re-

garded as good presumptive evidence.

In some of those animals in which vesicles

frequently burst without sexual union, there

are occasionally very many corpora lutea in

the ovary, so as to alter completely its form, and
disguise its natural structure, as may frequently

be seen in the sow. In those animals again

in which sexual union alone brings about the

rupture, we at once distinguish the ovary of

the unirnpregnated animal from that of the one
that has had connexion with the male, and we
very generally observe an exact correspondence

in the number of corpora lutea and the ova or

foetuses contained in the uterus;* and the

same correspondence is very frequently found
after conception, even in those animals in which
corpora lutea are formed without sexual union.

While the corpus luteum, then, is always to

be found in the ovary of a pregnant quadruped,
the formation of this body is to be regarded as

the uniform consequence of the rupture of the

ovarian vesicles, whether thai rupture shall

have been occasioned merely by excitement of

the organs, or by productive or unproductive

sexual union ; but it is only when conception

and pregnancy occur that the corpus luteum

attains its full size, and runs through the whole
of that ser ies of changes which we have described

as peculiar to that body.
We ought not to omit here the mention of a

totally different view which has been taken of

the corpora lutea, that, viz. of Buffon and Val-

lisneri,f supported more recently by Sir E.

IIome,J according to which it is held that the

corpora lutea exist before the rupture of the

vesicles, and are the matrix in which the vesicles

and ova are foimed.

Two circumstances principally have been

brought forward in favour of this hypothesis :

—

1st, that corpora lulea occur in the virgin state

;

and 2d, that they frequently contain vesicles.

Now the existence of corpora lutea, we have

already stated, in the sow (observed by Sir E.

Homej, and even, we are inclined to hold, in

the human female, is not necessarily a proof

of sexual union having previously occurred,

since the rupture of the vesicles may have

• It may be mentioned that more than one ovum
have sometimes been found in the same Graatiau

vesicle, in which case it will readily be understood

there might be only one corpus luteum in the ovary

and two ova in the uterus, but this is rare. The
author has verified the above correspondence in

many hundrt-d pregnant ewes, in a considerable

number of cows, rabbits, some cats, and other

animals.

t Vallisneri, Hist, of the Generation of Man and
Animals (Ilal.).

$ Phil. Trans., vol. cviii. p. 256, and vol. cix.

p. 59.
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followed simple excitement of the sexual
organs, and iniglit thertfore lake place either

with or without the male ; and in the second
place, the occurrence of cavities and vesicular

membranes within the corpora lutea is by no
means a proof that these cavities are new or

fotming ovarian vesicles; on the contrary, there

is every reason to regard them as unnatural or

tlie product of disease. But though lately

revived upon the above-mentioned grounds, it

is long since this hypothesis received the most
satisfactory refutation, both from the observa-

tions of I)e Graaf and of Haller. llallcr in

particular traced in the most accurate manner
all the steps of the development of the corpus
luteum, from the first rupture of the vesicle

till Its completion : he employed the animals
least liable to lead to fallacy in such observa-
tions ; those, viz. in which rupture of the

vesicles and formation of corijora lutea is

usually produced only by sexual union ; and
he always remarked in them an exact corres-

pondence in the number of foetuses in the
gravid uterus with the number of cor()ora lutea

in the ovaries, while at the same time he found
the first appearance of these bodies to lake
place at a fixed period after sexual union, and
their size and structure always to bear an exact
relation to the period of utero-gestation at
which they were observed.*

The uses of the corpora lutea are entirely

unknown. Tlie fact that these bodies become
larger and remain proportionately of a larger

size during pregnancy than when produced in

other circumstances (as without sexual union,
or after unproductive copulation, or when the
product is blighted at an early period of utero-

gestalion,) would seem to indicate some con-
nexion between the corpora lutea and the

development of the foetus in utero. By those
who have regarded the corpora lutea as of a
glandular nature, they have been supposed to

secrete fluids which assist in the nourishment
of the foetus. We have already stated the
reasons for considering such hypotheses as

groundless. (See Ovary.)
Descent of the ovum. Its structure and

changes during its passage.—Tlie attention of
accoucheurs in all ages and countries has
naturally been directed to the study of the
structure of the human ovum and foetus in the
more advanced stages of utero-gestation, and
a great body of facts has been collected from
the examination of aborted products or the
gravid uterus of women dying during preg-
nancy, from which scientific men have acquired
an accurate knowledge of the structure of the
human fa-tus and its covering in the ovum
during the greater part, and especially in the
more advanced period of utero-gestation ; but
very little is known of the nature of the egg
in the first stages or immediately after concep-

• The corpus luteum is developed then and be-
comes pcrccpiiblc after the bursting of one of the
vesicles ; but let us not here lose sight of iho fact
before announced that the first commencement of
its formation dates from a short while before the
rupture, us indicated by a thickening of the inner
membrane of the vesicle.

lion has occum;d. We hare, in feet, no direct

observations which inform us of what happens
to the human ovum imme<l lately after its esca|)C

from the ovary, and, indeed, for some little

time after its arrival in the uterus, when the

parts of the fottus have already begun to be
formed in it. This subject has, however, been
investigated with considerable success in several

mammiferous animals ; and although there

remain several points which still require eluci-

dation, yet, from the analogy which is known to

exist in the structure of the ovum and ftetus

of the human species and those of quadru|>eds

and birds, we are enabled to bring together the

detached observations which chance has thrown
in our way, and thus to give a connected
account of tlie generative process in man, im-
perfectly as that process has as yet been
observed.

Our design at present is to follow the ovum
only as far as into the uterus, or until the com-
mencement of the formation of the foetus in it.

We believe we shall place this part of our sub-
ject in the clearest point of view, by prefixing

to our remarks regarding the ovum of man
and quadrupeds a short sketch of what happens
to the egg of the common fowl after its dis-

charge from the ovary.

The substance of the yolk enclosed in its

membrane, together with the germinal portion

in which after incubation the rudiments of the

new animal begin to be formed, constitutes the

essential parts of the bird's egg as it exists in

the ovary. The ovarian egg, when it has left

the place of its formation and passed into the

oviduct, receives the addition of various other

parts, viz. the albumen, chalazse, shell and
Its lining membrane, as it gradually descends
through different portions of the oviduct, each
of which is destined to secrete one of these

newly added parts. These parts may, however,
be considereti as accessory to the more essential

constituents of the egg, which we are inclined

to regard as the germinal spot or cicatricula,

the granular and oleaginous fluid of the yolk,

and the dense transparent membrane with

which they are enveloped. To the unim-
pregnated egg of the ovary we shall give the

name of ovulum, and henceforward in tliis

paper apply the name of ovum to the perfected

egg, that is, the ovulum to which tne acces-

sory coverings have been added, and which
has received the influence of the male. Tlie

ovarium of the common fowl in the breeding

season, or when it is laying eggs, has the form

of a bunch of clustering ovula, which are

contained in capsules, the more advanced of

which hang down from the rest of the ovary

by the elongated pedicles of the containing

capsules ; while the smaller ovula of various

sizes, composing the body of the ovary, cluster

more closely together. The fully developed

ovula only have the deep yellow colour pecu-

liar to the yolk ; as the smaller ones are less

advanced their colour is paler, and the smallest

are nearly colourless and transparent from

the absence in them of the oleaginous and

granular matter ])eculiar to the riper yolks.

The little white spot or granular layer which
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coiislilutes tlie cicalricula or germinal disc is

tasily seen in the larger ovula, occupying
almost always the same position on the surface

of the yolk, somewhere near the pedicle of
the ovarian capsule. When the cicatricula is

examined carefully in the ovulum, a small

dark round spot is perceived in its centre, the

relations of which to tlie first production of the

fcetus are very important. This little dark

spot was discovered by Purkinje to contain im-
planted in the centre of the cicatricula a minute
transparent vesicle filled with fluid. He farther

shewed that during the passage of the ovulum
fiom the capsule of the ovary into the infun-

dibulum of the oviduct, this little vesicle dis-

appears, being probably burst, and leaves in

its place a thm and tender transparent mem-
brane. The vesicle of I'urkinje, as it is called

from its discoverer, occupies then the centre of

the germinal spot, and it is in the transparent

membrane left in its place when the vesicle is

dispelled that the fii'st rudiments of the ftelus

afterwards make their appearance. Hence the

vesicle has also received the name of germinal

vesicle, a most appropriate term, since it may
be regarded as the more immediate seat of the

germ or germinating faculty of the egg.

The I'urkinjean or germinal vesicle exists in

the smallest as well as in the more advanced
ovula of the fowl's ovary, and it is proportion-

ally much larger in small than in large ovula.

In tlie very small ovula it is not, as in the riper

ones, situated on the surface of the yolk, but
towards die centre of that body; and as the ovu-
lum advances to perfection, the germinal vesicle

gradually approaches more near the surface,

and becomes more prominent on the surface of

the cicatricula. In ovula less than two lines

in diameter the vesicle is usually unconnected
with the germinal layer or cicatricula, but in

those of four lines in diameter it is already

placed in the middle of the germinal spot.

In all oviparous animals a vesicle, simi-

lar to that now described in the common fowl,

occupies the central part of the germinal layer

so long as the ovulum remains in the ovary,

and undergoes the same rupture and other

changes at the time of the discharge of the

ovulum from the ovary.*

In turning now to mammiferous or vivipa-

rous animals, it may be remarked in the first

place, that although the extremely minute size

of the body discovered by Baer to be constantly

present in the ovarian vesicle prevents us from
observing it with ease, and establishing with

certainty its analogy to the yolk and its accom-
panying parts in the egg of the fowl before deve-

lopment begins ; yet after the commencement

• Purkinje's description of this vesicle was first

given in his excellent '* Symbols ad ovi ovium
nistoriam ante incubationem, Vralisl. 1825," and
second edition at Leipzig;, in 1830. Ilaer contri-

buted in his '* Epistola many important facts

concerning its existence and changes in otlier ovi-

parous animals. Coste, Valentin, and Wagner
have since added several observations. We may
state bere that the bursting of the vesicle does not
occur in all oviparous animals exactly at the time
of the escape of tlie ovulum from the ovary, but
nearly about the same time.

of foetal formation, the early clianges which this

body undergoes prove its corresjwndence with

the ovum of birds in a most satisfactory manner.
We have already, however, stated the reasons
for reg-arding the vesicle of Baer as the ovulum
of mammalia, and need not now recapitulate

tliem. We shall oidy remark that although
the vesicle of Baer and ovulum of birds differ

widely in size, that vesicle appears to contain
the same essential parts of the egg belonging
to birds and other ovijjarous animals, viz. a
fluid granular mass or yolk enclosed by an in-

vesting membrane, and furnished also with a
more compact graimlar layer situated on the
surface of the yolk, but also enveloped by its

membrane, in which the rudiments of the
fcetus first appear, and which is, therefore, the

germinal layer of the mammiferous ovum.
The membranes of the ovarian vesicle in

mammalia and the capsules of the ovary in

the fowl are corresponding parts, and the prin-

cipal difference between the ovarian cavities

containing ovula in oviparous animals, and
those of viviparous animals, consists in this,

that in the latter the ovulum (the vesicle of
Baer) is placed in the granular jiroligerous disc,

and has all the Huid of the vesicle interposed
between it and the coats of this cavity.

At the time when Baer first discovered the

ovulum of maminalia, there was still wanting,
in order to complete the proof of its analogy with
the ovidum of birds, the observation of the ger-

minal vesicle (vesicle of Purkinje) within it.

This additional proof has been supplied within
the last few years by the researches of T. W.
Jones, Coste, Purkinje, Valentin, and Wag-
ner, which we have ourselves confirmed.

The germinal vesicle of the very small ovu-
lum of quadrupeds is of course a most minute
object, and in fact it can only be seen with a
good microscope ; but in favourable circum-
stances it is nevertheless quite distinct, ajid

the investigations above referred to, conjoined
with analogical evidence, make it highly pro-
bable that the little vesicle found withm the
ovulum of viviparous animals occupies the
place in which the foetus first makes its ap-
jiearance, and that at the time of the passage
of the ovulum from the ovary to the Fallopiao
tube this little vesicle is burst, and undergoes
analogous changes to those which have been
noticed in the fowl.*

In birds the shell with its lining membrane
forms the external covering of the egg ; and in

all oviparous animals a similar external enve-
lope (besides the membrane enclosing the yolk)
is to be found, though varying greatly in thick-

ness, consistence, and structure in different

animals. The ovum of mammalia at the time

• In his " Epistola," published in 1827, Baer
compared the vesicle he had discovered within the
Graatian vesicles of the ovary to the vesicle wliich
Purkinje had in 1825 discovered in the cicatricula

of the fowl's yolk: erroneously as we tfnnk ; for

the facts mentioned above are sufficient to disprove
any such analogy. For the sake of clearness we
here subjoin a tabular view of the parts which
correspond with one another in the bird and quad-
ruped.
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when it arrives in llie uterus lias also a similar

external envelope, wliicli Iuls received in man
and most aninials tlie general appellation of
chorion. Ifcier is of opinion that the chorion
exists ready Cormed in the ovulum of the

ovary ; but his observations appear to us as

yet insufficient to prove this ]X)int, and we feel

inclined r.ither to adopt the view of Valentin,

who holds that it is probable that the chorion
is added to the ovulum after it has left the
Graafian vesicle, that is, during its passage
from the ovary to the uterus, somewhat in the

same manner as the albumen or shell is added
to the egg of the common fowl in its passage
through the oviduct. The analogy of all ovi-

parous animals is at least strongly in favour of
such a view of the mode of the production of
the chorion or external envelope ; while on the
other hand we ought not to lose sight of the
fact that though the external envelope or cho-
rion occupies the same position as the external
covering of the eggs of oviparous animals, its

structure and functions are very different, for

almost in every quadruped the chorion serves
important purposes in establishing that more
intimate union peculiar to viviparous animals,
which is formed between the ovum and uterus
in the placenta or analogous structure.

It is only in the dog and rabbit that the ova
liave hitherto been traced by actual observation
in the whole course of their progress through the
Fallopian tubes from the ovary to the uterus.

These observations we owe chiefly to the caie-
ful researches of Cruikshank, I'revost and
Dumas, Baer, and Coste. In regard to other
animals we have only a few detached observa-
tions in some of them, and in the human
Sjiecies the ova have never been observed in the
Fallopian tubes, nor indeed for some time
after they must have entered the uterus. We
do not therefore know, with any degree of cer-

tainty, at what distance of time after sexual
union the ovum passes into the utenis of the
human female. Great difficulties attend the
elucidalion of this point. In the first place,
we are opposed by the impossibility, in the
greater number of cases in which we may hap-
pen to obtain a pregnant uterus for investiga-

tion, of knowing accurately the age of the
product or the time at which impregnation has
occurred ; and in the second place, we are
here deprived of the assistance derived in

In the Quadnified.

1. Tlic ovary contains
2. Orunfian vesicles

wliicli are tilled with
fluid, granules, and
the pruligerous disc,

in the centre of which
is placeil

3. The ovulum or vesi-
cle of Baer, consisting

of
4. A yolk, on the sur-

face of which is

5. A germinal membrane,
in the middle of which
is placed

6. The germinal vesicle

or vesicle of Pnrkinjc.

In the Bird.

1. The ovary contains
2. Capsules entirely filled

with ovula, there being
no intervening fluid or
proligerous disc.

3. The ovula or yolks,
consisting of

4. A yolk.

5. A germinal membrane
or cicairicula with the

6. Vesicle of Purkinje in
its centre.

many other parts of our subject from analogical

evidence by tlie wide discre()antie» we find

among animals in respect to the period of the

arrival of the ova in the uterus ; for there does
not appear to be any exact correspondence yel

shewn between the time at which this liap[iens

and the length of duration of iitero-gestation.

It may be well, however, to endeavour to

form an approximative opinion. In the rabbit,

although ova are known frequently to he dis-

charged from the Graafian vesicles on the se-

cond day after sexual union, they are in general

not detected in the uterus before the tliird or

fourth day, and frequently not before the fifth

or sixth, at which time they appear as vesicles

a little more than a line in diameter, lying un-
attached in the upper part of the cornua of the
uterus.*

In the dog ova have been observed in the

Fallopian tubes on the eighth day, but they
have not been found in the uterus before the
twelfUi day. In the cat we have found ova of
the size of peas beginning to be attached to

the uterus at the twelfth day, and in both the

cat and dog we think it probable from the size

of the ova that they had already been in tlie

uterus for at least one day, so that the tenth

or eleventh day may be regarded as the time
when ova generally appear in the uterus of
these animals.

Hallerand Kuhlemannf never found an ovum
in the uterus of the sheep till the seventeentli

day aAer copulation, and our own observations

on both the sheep and sow agree precisely

with theirs. Ilausmann never found the ova
in tlie uterus of the sow before the period of
four weeks after conception, and those of tlie

bitch before three weeks ; but here we must
caution tlie reader against the error of sup-
posing that in the sheep and some other
animals, because the ova have not been ob-
served in tlie uterus, they do not actually

exist there previous to a certain date ; for the
large size of tlie ovum and its membranes, as
well as the state of the fcetus, which though
small is already somewhat developed, entitle

us to conclude that the ovum of the sheep
must have been some time in the uterus. Tlie

recent interesting observations by M. Coste
have thrown great light upon this subject, he
having detected the ova of the sheep so early

as five days after conception. In the cow also,

in which the period of gestation is nearly twice

the length of that in the sheep, the ovum
seems to arrive almost as early in the uterus,

if we may judge from the state of advancement
of the fcetus at an early period.^

* M. Coste has shewn that there is considerable
variety in respect to the time at which the ova
descend in the rabbit, and thus very reasonably
accounts for the difference' one generally finds in
the state of advancement of the ova in the preg-
nant uterus.

t Vide Kuhlemann's Observ. quxd. circa nego-
tium genenitionis in ovibus fact. Gott. 1753.

X Immediately after the arrival of the mammi-
ferous ovum in the uterus it increases in bulk with
amazing rapiditv, and its membranes being thus
suddenly dilateff become in consequence very weak
and thin ; so tender indeed are they, that if they
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With regard now to tlie time at which the

ovum first enters the utenis in the human fe-

male, let us examine the (iicts wliiih are

before us. The greater number of observations

of this kind are made on aborted products

;

many of these are malformed or diseased, in

consequence of which very probably they have
been thrown off" by abortion ; others are injured

by the violence of the action which causes the

uterus to be emptied of its contents. Our
know ledge of the time of conception is generally

founded upon the cessation of the menstrual
flow on the first occasion when it ought to

have recurred after conception lias taken place,

and conception may in the greater number of

instances have taken place at any period of the

interval. In a very few cases only have we
any means of determming the time of concep-
tion, and in still fewer instances has there been
an opportunity of examining the uterus in situ

at an early period after conception when the

period of sexual intercourse was known. In
by far the greater number of instances, there-

fore, there may be an error in the calculation of
ten days or a fortnight.

It is by no means rare to see specimens of
the human ovum or foetus in anatomical col-

lections marked as being a fortnight or three or

four weeks old ; but it is now generally ac-

knowledged that the greater number of these

are incorrectly marked. We have seen, however,

more than one such ovum, which, both from
the history of the cases and from the structure

and size of the parts of the ovum and foetus,

we should be inclined to consider as dating

between three and four weeks after concep-
tion.*

once burst it is impossible to recognize any parts
of the ovum, frequently in instances where we
are certain it has existed. Baer in a second
epistle (published in Breschet's Repertoire, vol.

viii. p. IT.'j) mentions these difficulties of mani-
pulation in extracting the ova from the gravid
uterus of the dog during the early periods, and
advises tliat, on account of the violent contrac-
tions which are apt to ensue in the uterus from
its exposure to the air, the animals should not
be opened, but left perfectly quiet for eight or
twelve hours or more a:ter death. We have fre-

quently pursued this plan advantageously in the
rabbit and cat ; and have even found it neces-
sary to harden the ovum and uterus in alcohol
before being able to extract the former. The same
circumstances may account for ournever tinding the

ovum of the sheep before the seventeenth day, for

those we examined were all killed at the market,
and consequently opened immediately after death
while the contractility still remained in the uterus.

At earlier periods we have in fact frequently found
shreds of membrane, and some of the earliest ova
which we found were partly destroyed ; but in a
very short time afterwards the membranes of the

egg and parts of the fcetus acquire sufficient con-
sistence to resist the pressure.
* So common in museums are the specimens of

blighted ova which are considered as examples of

very early date, that the author confines himself
here to the mention of those which he has himself
seen, making this general remark, that in all those

specimens below the alleged age of six or seven
weeks, in which the foptus and membranes, parti-

cularly the amnion, arc disproportionate m size,

that is, the first very small and the latter large.

There are some who describe the human
foetus at less than a fortnight old, and even as

early as the eighth day, as in the well-known
and often-quoted example described by Sir E.
Home. But there is some reason to think that

Sir E. Home was mistaken in the case alluded

to. Either, supposing that conception had
occurred eight days before death, the body
in question was not the foetus, or if it was the

foetus, it must have been considerably older

than he supposed.
The earliest example of the human ovum

with which we are acquainted is that mentioned
by M. \'elpeau in his work siir I' Emhiyolngie
Humainc ; which, if he was not deceived by
the person who gave it to him, he had the best

reason to believe was discharged on the four-

teenth day after sexual intercourse.

This ovum, the description and drawings of
which are very meagre, is described as about
the size of a pea; the foetus was already some-
what formed, though very small ; and all points

of structure in the foetus and ovum appear to

us (so far as we can judge from the description)

to correspond with one another, and to shew
that the product was quite natural. This ovum
from its size and from the state of advancement
of the foBtus must have been in the uterus at

least two or three days.

We possess also the recent record of two
valuable observations made on the structure of
the gravid uterus of females dying suddenly
eight days after sexual intercourse ; the one by
Weber, the other by Professor Baer. No ovum
was detected in either of these instances either

in the uterus or tubes. We feel inclined to

place much reliance on these two observations

as being made by persons well acquainted with

the various circumstances necessary to be at-

tended to in such a delicate investigation, and
with all the advantages of recent knowledge,
and though they afford negative evidence only,

yet we are disposed to found upon them as

proofs that at the eighth day the ovum has not
descended into the uterus.

On comparing the degree of advancement
of the foetus in the ovum described by Velpeau
and in others with that of the foetus in the dog,
cat, and sheep, at known periods, we would
hazard the oiiinion that the human ovum arrives

in the uterus on the eleventh or twelfth day after

conception. Valentin thinks the twelfth or four-

teenth day, but we are inclined to believe that

it cannot be much later than in the dog.

Change of the uterus after conception.—
Before the arrival of the ovum in the uterus,

a change has already taken place in the interior

of that organ preparatory to the reception of
the foetus. An exudation of a substance having
many of the characters of organizable lymph

then the product is unnatural, and we ought to

judge of its age more by the extent of the mem-
branes than by the size of the fartus. We feel

inclined to believe that some of the views adopted
by Dr. Pockels of Brunswick, in his interesting

paper on the early structure of the human ovum
and fceius (to the consideration of which we shall

return in the article Ovum), are founded upon the
exauiination of unnatural specimens.
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furnishes a soft flaky lining to the cavijy of (he

uleriis, and sen'es to form a covering of the

ovum when it afterwards descends into the

utenis. Tliis newly formed substance is re-

flected over the ovum so as to give it a double

coverini;, the two layers of which constitute the

two folds of the decidual membrane. The
decidua is filled with bloodvessels formed by

a process of organization similar to that which

occurs in inflammatory adhesion by coagu-

lable lymph. These bloodvessels arc conti-

nuous with those of the uterus, and as the

ovum advances in the progress of develop-

ment, they are much dilated in some parts

so as to form sinuses, which are ultimately

intermingled, though by no means continuous

with the bloodvessels which piiss out of the

umbilicus of the foetus. The placenta or or-

ganic connection between the female parent

and child, by means of which the respiration

and partly also the nutrition of the latter is car-

ried on, is in great part formed in the decidua

with which the flocculent chorion is closely in-

corporated ; but the description of these parts

belongs to another place.

In a former part of this essay it was remarked

that rupture of the Graafian vesicles and dis-

charge of the ovula from them, as well as the

formation of corpora lutea, may take place in

some animals without the concurrence of the

male : there is reason to believe that in some
cases the decidua may in part be formed with-

out conception having occurred, as in the cases

of moles, &c. When these changes have oc-

curred without conception in Mammalia, it is

quite possible that the ova may have been car-

ried down the Fallopian tubes ; but as they are

unfecundated, they undergo no enlargement,

and consequently we do not know what be-

comes of them.
In many oviparous animals the same is the

case, that is, ova are frequently discharged from

the ovaries without the concurrence of the male,

as happens in the common fowl and other

birds, in some reptiles and fishes. But even

in those animals in which barren ova are thus

excreted by the female, union with the male
renders the exclusion of the egg more easy and
regular, and it is consequently not uncommon
for female oviparous animals which are removed
from the males to die at the season of breeding,

when the ova are formed in their ovaries or de-

scend from that organ into the oviduct. This

is Ix'autifully described by Harvey as befalling

his lady's parrot, which he had alvrays taken

for a male bird, but which, after being much
fondled, died of " a corrupted egg impacted

m the oviduct ; " and also in a cassowary kept

in the royal gardens, which, afler being some
time there, was excited by being placed in the

vicinity of a male and female ostrich, and
having laid one egg, died of a second being re-

tained in the oviduct.

In the common fowl indeed, when highly

fed, so great is the productive energy both of

the ovary and oviduct that they will continue

to lay eggs during a whole season without the

assistance of the male ; but this is well known
to be often very [lernicious to the bird, as many

of those kept without tlie cock die ; and it

not unfrequcntly happens that eggs, or bodies

like eggs, are laid by them containing no yolk,

but consisting only of the albumen, membrane,
and shell, which are the product of secretion

from the oviduct, and that in others large

masses of imperfectly formed eggs accumulated
together are lodged in the genital passages.

These facts exhibit in a strong point of view

the powerful productive energies of the female

generative organs inde|)endently of the concur-

rence of the male; for it is sufKcienlly obvious

from them that the greater part of the substance

of the egg is due to the female, and that ova, to

all appearance perfect,* though unfit for repro-

duction, may be brought forth by the female

wholly independent of the male. Some authors

also adduce as examples of this independent

productive energy of the female, the occurrence

of bones, hair, teeth, &c., in close cysts of the

ovaries of women and female quadrupeds, but

this leads us too far into the regions of vague

supposition.

Irregularilies in the detcent of the ovum.^
This appears to be the proper place at which
to make mention of a few irregularities that

have been observed in the descent of the ovum,
which are attended with important modifica-

tions of the generative process.

In the bird it not unfrequently happens
that the yolk or ovulum which has been
discharged from its burst capsule in the ovary,

instead of descending through the oviduct, and
having added to it the external accessory parts,

escapes from the infundibulum or oviduct into

the cavity of the peritoneum. This irregu-

larity occurs most frequently among those

fowls which are laying eggs without the

male, and in which it may be supposed the

usual and regular performance of tlie appro-
priate motions is not ensured by venereal ex-

citement. These yolks sometimes remain for

some lime in the cavity of the abdomen, and are

afterwards gradually removed by absorption

:

in other instances they cause death. Upon
every occasion when the ovulum is discharged

from an ovarian capsule, the oviduct is excited

to the secretion of albumen, membrane, and
shell, and hence the ova subventanea, which
consist only of these accessory parts without the

yolk.

In other instances, either from a mechanical

obstruction to the passage of the egg, or from a
deficiency in the muscular power ofthe oviduct,

the product becomes impacted in the passage,

and there are formed large masses of accumu-
lated ova subventanea, with or without yolks in

some part of the oviduct or in its vicinity.

In some instances, extremely rarely met with,

it is stated by Geoffroy St. Hilaire (Annal.

du Museum d'Hist. Naturelle) that ova de-

tained in the oviduct have become slightly de-

veloped, and the author owes to the kind-

ness of his firiend, Mr. Daniel Ellis, the his-

tory of several examples of the same ano-

* We shall have occasioo to consider elsewhere
more miDutcly the dtfTerence between the fecua*

dated and the uufecuudated ovam.
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maly ; but it may be slated as a general rule

that tliis does not occur in oviparous animals,

and more especially in birds, in which a con-

tinued supply of fresh air around the shell is

necessary to promote incubation, and we do
not know of any examples of truly oviparous

animals in which the foetus has been formed in

an egg accidentally retained within the body of

the parent. In none of those which we have

observed was there any appearance of fcetal

formation.

It is possible that some irregularities in the

position of the ovum of mammalia during ges-

tation may receive an explanation from mecha-
nical disturbances similar to those we have now
mentioned in birds ; for supposing that in a

viviparous animal the ovum does not gain the

uterus or usual place of its abode during gesta-

tion, development of the foetus still takes place.

In those instances in which a foetus is formed

in the region of the ovary, or in what are termed

ovarian conceptions, for example, it is not pro-

bable that the ovum is ever developed in the

ovary itself without tlie bursting of the Graafian

vesicle : it may be fixed close to the ovary, but

it is always independent of that body. After

the Graafian vesicle has burst, the ovum may
be supposed either not to have been received

in the Fallopian tube, or, after having entered

that passage, to have been expelled from it by
an inverted action of its muscular fibres or other

causes. Fecundated by the contact of some of

the seminal fluid which has reached so far

into the Fallopian tube, the ovum remains in

the neighbourhood of the ovary, has a cyst

formed round it, and becomes organically

united to the ovary or parts in its vicinity by
structures similar to those which unite the ovum
to the inner surface of the gravid uterus ; for

the bloodvessels of the mother which run into

the cyst enlarge and form a placenta by their

union and intermixture with those of the foetus,

and thus for a considerable time (amounting

sometimes to four or five months) this ovarian

or extra-uterine gestation is carried on.

In other instances of misplaced gestation, the

ovum seems to have been arrested in its course

when more or less advanced in the Fallopian

tube ; but here also the parts are susceptible of

all those remarkable changes and growth which
favour the development of the foetus in the

ovum. We mention these instances of extra-

uterine gestation with the view of directing the

reader's attention to an inference which may be

drawn from them, viz. that all those changes

of growth upon which the development of the

ovum in viviparous animals depends may be

regarded rather as belonging to the ovum itself

than as resident in the uterus alone. It is

worthy of remark, however, that in ovarian and

tubular conceptions the decidua is formed

within the uterus, nearly in the same manner
as if the ovum had descended in the natural

way into its cavity ; from which we may infer

that the production of the decidua is to be re-

garded as one of a series of changes induced by

conception in the internal genital organs, and

occurring independently of one another, rather

than as the eflect of any stimulation from

the ovum, as some have supposed. Such a

decidua in fact may be compared to the sub-

ventaneous ovum of the bird.

\'ery little is as yet known as to the physical

circumstances (independent of malformation of

the organs) which may give rise to misplaced

gestation ; and this is not a subject which we
can hope to have illustrated by observation or

experiment. One or two cases are on record,

however, from which it might appear possible

that a violent disturbance of the body soon after

sexual union may be a cause of misplacement

of the ovum. Burdach mentions instances of

this kind : one of a cow gored by the horns of

another soon after copulation, and two instances

of the human female in which sudden fright

in the same circumstances was followed by
ovarian conception.*

In endeavouring to apply such mechanical

explanations, we ought not to forget that in by
far the greater number of cases sudden motion

does not appear to disturb the natural perform-

ance of all those actions by which the ovum is

securely lodged in the uterus in the natural

way.
Circumstances influencing the UuhiUty to

conception.-—The circumstances which influence

the liability of the female to conception are so

various and so little determined that our re-

marks on this subject must be very short.

The healthy condition of the female is of

course an important circumstance in reference

to conception, but we do not know in how far

a robust constitution or high state of health is

favourable or the reverse to the occurrence of

conception. Some women, it would appear,

(perhaps those of a spare habit of body and
languid powers of constitution) are most liable

to fall with child when in their strongest and

best state of health, while weakness in others

seems to induce conception. Among animals

it is known that high feeding sometimes pre-

vents pregnancy, and the same is the effect of

the opposite extreme of starvation.

The regularity of the menstrual discharge is

one of the most important circumstances which
favours the liability of women to conception ;

perhaps more from its being an indication of

the general healthy state of the generative or-

gans than from any influence exerted by the

menstrual change itself Many circumstances,

however, seem to render it probable that women
are more liable to conception widiin a few days

after the cessation of the menstrual flow than at

any other period of the interval, and accordingly

there are many accoucheurs who regulate their

calculations of the time of birth from this cir-

cumstance, dating the commencement of utero-

gestation from a period within a week after the

cessation of the last menstrual discharge. We
do not know with certainty upon what circum-

stances this influence of the menstrual function

depends ; but it seems reasonable to suppose

that it is connected with that state of excitement

and sanguineous congestion in the ovaries and

• See Lallemand's Observat. Patholog. 1818,

anil Diet, do* Scien. Med. xix. ; also Grasnioyrr

dc conccptu et fecuudatioue humana, 1789,
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rest of the cenerative organs which usually at-

tend on menstruation. Tliere seems to be veiy
little reason to believe, as some do, that there
is a greater than ordinary liability to concep-
tion immediately before the commencement of
menstruation.

Lactation in the greater number of women
prevents conception for a time, generally for

from six months to a year, but in other women
seems to have no effect.

It is very obvious that the state of mind of
the female has very little to do with conception,
as it is well known that conception* occurs
where there is no love, no desire, in pain, in
sleep, and in the state of insensibility ; and it is

equally well established that sexual feelings
are not necessary for the occurrence of concep-
tion, although it is possible that they may in
some instances indirectly assist. It is worthy of
remark that there are examples of individuals
of opposite sex whose marriage has been barren,
both having had children with others.

Signs ofrecent conception in woman.—Before
concluding the subject of the changes in the in-
ternal generative organs of the female which
follow fruitful sexual union, let us recapitulate
shortly the principal circumstances which may
be considered as evidence of conception having
recently occurred in the human female.

In tlie first place, there is no one point of
evidence which is conclusive in the early period
of gestation excepting the finding the ovum or
foBlus; and here we must be on our guard
against confounding the mole, or such pro-
ductions which occur in the virgin, with the
true ovum. The other signs of conception
afford little satisfactory evidence singly, though
they are important when several are conjoined.

The signs of conception may be distin-

guished into those which in some measure
affect the whole system, which may be called
constitutional or general, and those which are
more strictly local, or affect principally the
generative organs.

The more general signs are

—

1. The interruption of the menstrual flow at
the usual period when there is no other obvious
cause for it.

1. Fulness and enlargement of the breasts,
and vascularity of the areola surrounding the
nipple.

3. Derangement of the functions of the
stomach ; frequent nausea and even vomiting,
especially in the morning, with depraved ap-
petite, headache, &c.

4. An accelerated pulse, and some febrile

symptoms.
Tlie local signs are

—

1
.
A slight enlargement and increased vas-

cularity of the uterus.

a. The closure of the mouth and cervix by
a peculiar viscid secretion.

3. The existence of the commencing decidua
or substance from which that membrane is

formed.

• See the amusing speculations of the phienolo-
gisU on this subject.

VOL. II.

4. A vascular condition of the ovary, with
very much enlarged vesicles, a ruptured

vesicle or corpus luteum, and an increased

vascularity or enlargement of the Fallopian

tubes.

Such local signs can only be obtained by the

examination of the body af\er death. When
the greater number of them co-exist and have
been attended with the more general con-
stitutional signs, there is strong presumptive

evidence of conception having occurred. But
nothing short of the appearance of the child

either jxissed in abortion or found after death
would entitle us to conclude with certainty

that conception had taken place, until those

more obvious signs, which are found after the

period of quickening, make their appear-
ance.

§ 2. At regards the male organs.

Fecundation.—In continuing the detail of

the phenomena which accompany or succeed to

fruitful sexual union, we come next to the con-
sideration of the process of fecundation. We
shall begin this subject by a sketch of the

nature and properties of the product of the

male generative organs, viz. the seminal or

spermatic fluid, and afterwards state the more
important facts which apjiear to tlirow light

upon the mechanism of the remarkable in-

fluence exerted by that fluid on the ovulum
produced by the female.

Properties of the seminal fluid.—The se-

minal product of most animals is a whitish
fluid, which to the naked eye appears homo-
geneous or nearly so ; but in the human spe-
cies and some of the higher animals, the

seminal fluid or substance, ejaculated from
the male organs during sexual union, con-
sists of two parts of different consistence and
appearance; in the human s|)ecies, the one
being of a pale milky colour and more fluid,

the other clearer, semi-transparent, and more
of the consistence of thick mucilage.

The seminal product is derived from several

sources. A part comes directly from the tes-

ticle, some is discharged from the vesiculas

seminales, and with the fluid from these

sources is mixed at the time of emission a
certain quantity of the product of the secre-

tion of the prostate body and Cowper's glands

:

but it is by no means well ascertained from
which of these organs the two kinds of sub-
stance above alluded to are respectively de-
rived. The more fluid and milky portion is

first ejected ; the gluey or clear mucilaginous

parts, frequently collected into small hard

masses, are more abundant in the portion

which is last emitted.

Several circumstances render it highly pro-

bable that a considerable quantity of the fluid

emitted during sexual union is derived directly

by secretion from the testicle. With a view

to the illustration of this, De Graaf performed

the experiment of tying the spermatic ducts

of a dog imme<liately before coition, and found,

on examining them afterwards, that they were

much distended by the accumulation of'^ semi-

nal fluid in the part of the vasa deferentia in-

2 II
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tervening between tlie ligature and tlie testicle, than at first,—a change which does not appear

It raay be remarked, however, there are no to depend upon the absorption of moisture from
vesiculae seminales or reservoirs of semen in the tlie atmosphere, as its weight is diminished

dog, and tlie result of such an experiment can rather than increased.

hardly with justice be applied to the human The chemical properties of the seminal fluid

species. On the other hand, it may be re- have been examined in man and several anl-

marked that in man, while the testicle con- mals. It is generally considerably heavier

tinually secretes a small quantity of semen, than water, has a peculiar odour, which in-

and probably a larger quantity during venereal creases on keeping, is alcaline from the first,

excitement, it is obvious that the vesicul* and gives off ammonia when heated. Left, at

seminales serve as reservoirs in which the rest for some time, it deposits crystals of phos-

seminal fluid accumulates ; for when in the phate of lime.

dead body fluids are thrown into the vas de- According to the analysis of Vauquelin

ferens, they pass into the seminal vesicle of human seminal I uid consists of the following

the same side and distend it before issuing by ingredients:

—

the orifice leading into the urethra. The se- Water 90
minal fluid after being secreted probably Animal mucus 6

follows in the living body the same course

;

Free soda 1

and from this circumstance as well as the Phosphate of lime 3

suddenness of emission, it is reasonable to Peculiar animal principle —
infer that the gieater part of the ejaculated

semen, though formed in the testicles, comes 100
in man immediately from the seminal vesicles.

The seminal vesicles we may suppose then In the spermatic fluid of the horse, Las-
always to contain a certain quantity of seminal saigne has detected, besides the above-men-
fluid in the state of health. The accumu- tioned ingredients, the following substances:

—

lation of semen in these vesicles relieves the Muriates of potassa and soda,

pressure which otherwise would distend too Pliosphates of lime and magnesia,

much the secretory and excretory ducts of the Peculiar animal matter called spermatine.

testicle, and the seminal vesicles are them- The milt of fishes, particularly that of the

selves relieved either by the sudden evacuation carp, analysed by Fourcroy and Vauquelin,

of their contents from time to time, or by the contains

—

gradual absorption of the seminal fluid by the An oily and saponaceous matter,

absorbents or bloodvessels.* Gelatine,

There is also reason to believe that the Albumen,
mucous lining of the seminal vesicles secretes Muriate of ammonia,
a mucous fluid which is mixed with the Phosphate of lime,

prolific product of the testicles. In some of magnesia,

animals, indeed, the vesiculae seminales open of potassa,

separately from the vasa deferentia and dis- of soda.

charge by their excretory duct a fluid peculiar Phosphorus in such quantity as to emit

to themselves. ii^ht in the dark.

The impotence caused by castration or by The semen is fluid in almost all animals.

the ligature of the spermatic vessels suftici- In some of the lower animals it is not so, but

ently proves, tliat the testicles are the only granular and crumbling. In the greater num-
source of that part of the emitted fluid upon ber of animals the fluid is of a while milky
which the fecundating power depends. appearance and thinner consistence than in

The properties of the fluid supposed to be man, presenting in fishes the appearance of an
derived from the prostatic body and Cowper's emulsion of yolk of egg in milk,

glands have not been satisfactorily examined. In respect to its mode of discharge there

The quantity of the seminal fluid emitted du- are also many varieties dependent on the

ring sexual union varies in man from one to two structure of the generative organs. In the

or three drachms. The seminal vesicles are not, lowest animals the testicle alone exists of the

however, emptied at one emission, and, accord- genital organs, and the secretory a|)paralus

ing to Ualler, when by repetition this comes to of this organ possesses a remarkably simple

be the case, two or three days are required in structure, consisting in many of a number
man to fit them again for reproduction by a of coeca or elongated follicles which pour

new supply of fluid. the product of their secretion into a com-
Cliemiial prvpertics of tlie apermaticJluUl.— mon duct. In the cuttle-fish a very curious

On cooling immediately after emission, the modification exists in the mode of dischai'ge

seminal fluid jellies slightly, but in twenty or of the seminal fluid ; it being inclosed in

twenty-five minutes it becomes more fiuid small parcels in long-shaped transparent firm

cases, somewhat like small phials. These
• This absorption of semen into the general cir- cases are about three quarters of an inch in

culation is conceived, not perhaps on very sufficient
ie„„.,h and are formed in the course of the

grounds, to cause some of the peculiarities of the i r .- i * ^..;„il.. «..«

male animal at the time of breeding; to render vasa deferentia by an apparatus specially nro-

the flesh rank and unlit for eaiing ; more readily vided for the purpose : they are stojiped at

pmtrescent, &c. one extremity, and at the other are closed by
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a lid somcwIiiU like the cork of a phial, be-

tween which and the main body of the case a
spiral spring is intor|iose(l, so contrived that

when the case is immersed in water the sprinsj

expands, forces off the top of the case, and
allows the seminal fluid to issue froin the
interior.

We must refer to the anatomical articles for

an account of the varieties of structure of the
male generative organs in different animals.
In some of those in which the vesicula; semi-
nales are wanting, as in the familiar example
of the do'^, copulation is necessiirily longer
than in others. Very little is known as to

the uses of the prostatic body or Cowper's
glands. See Genekatio.n, Organs of.

Spermatic unhimtcutes.—Tlie most remark-
able circumstance undoubtedly which is known
respecting the spermatic fluid, is the almost
constant existence in it of an immense number
of minute moving bodies of the nature of In-
fusorial animalcula^,— the well - known and
celebrated s| ermatic animalcules, which, since

the time of their first discovery in 1677, have
excited the curiosity and speculative fancy of
many naturalists.*

The s|iermatic animalcules have been found,
at one time or other, in the semen of almost all

the animals in which they have been sought
for.t but at that period of their life, and in that

season of the year only, when the animals to

which they belong are fit for propagation.
They are diminished in number, or even en-
tirely disappear, after very frequent emission
of the seminal fluid. They almost always
exist in the fluid secreted by the testicles, and
lery often in that of the seminal vesicles, into

which they have doubtless been introduced
along with the fluid of the testicles.

From these circumstances, as well as others

to which we shall afterwards advert, there is

good reason to believe, that the existence of
seminal animalcules in the male product is in

some way or other intimately connected with

the integrity of its fecundating property ; if not,

* llallcr states as his conviction, that Ludwig
Hamni (then a stitdoiit at hcyden) was the first

disroverpr i>f the seminal aoimalcules in August of
1077. Lecuwenhoek claimeil the merit of having
luaUc the disf<»very. in Noveiuber of the same
year, and in lti7H, Harlscckcr published an account
of them, professing to have seen tliem as earl^ as
in 1(J74. A great deal has since been written re-
garding them. Needham, RufTon, Der Gleichcn,
Spallanzani, Prcvost and Dumas, and Wagner,
may bo mentioned as those who have devoted
most attention lo these curious little animals. Our
remarks are taken chiefly from the investigations
of the three last authors, as well as from original
observations,

t The class of fishes are stated by Messrs. Pre-
vost and Dumas to form an exception lo this
remark, tliese obseri'era not having been able to
discover any scmiual aniuiakulcs in the seminal
fluid of fislies j h\u they arc stated to liave been
seen by older authors (see Mailer's Elementa, vol.
vii. p. O'il); and from the latest investigations it

apprars that they exist, though of a form different
from the spermatic animalrulie of most other ani-
mals. The author has seen them very clearly in
the seminal fluid of the Perch, and one or two
other fishes. Sec Fig. 51, p. 112, vol. ii.

as some are inclined to hold, t)ie essential cause

of it.

The form, appearance, and size of the semi-

nal animalcule i\re difl"crent in almost every

diflerent animal, and in each species of the

more perfect animals the kind of animalcule

seems, like that of Entozoa, to be constant and
determinate. While, therefore, these little crea-

tures, by their minute size and their general

structure and appearance (so far as these are

known), are distmctly animals of the infusorial

kind, their residence in other living animals

entitles them to be classed among the Entozoa.

Uaer considers them as most nearly allied to

the Cercaria among the Infusoria, and gives

them the very appropriate name of Sperma-

tozoa.

In what we have hitherto said of the seminal

animalcules, we have drawn our description

principally from what has been observed in

quadrupeds and birds, but they difler consi-

derably from these in some of the inferior

animals. Czermak* holds tliat these various

forms may be referred to three principal heads,

viz. :

—

1 . Cephaloidea, merely rounded bodies with-

out tails, existing in fishes and some Annelida.

2. Uroidea, thread-like, in Mollusca, Am-
phibia, and some birds.

3. (I'ephal-uroidea, consisting of a globular

and a tail ]>art, in Mammalia, Birds, and In-

sects.

The first of these kinds of Spermatozoa are

like the Monades among Infusoria, the second

resemble the V'ibriones, and the third, as has

been already remarked, the Cercaria.

It is important to remark that, in so far as

has as yet been ascertained, the form and size

of the spermatic animalcules do not bear any

intimate relation to the animal in which tliey

exist, nor to the ova of the female. In respect

of form, Messrs. I'revostand Dumas state that

the head is usually of a round lenticular shape

in quadrupeds, whde in most birds it is of a

long oval shape ; but in some birds the form is

the same as m most quadrupeds. The semi-

nal animalcules present nearly the same ap-

pearance in man and in the dog. Various

markings are represented in the cephalic por-

tion of the animalculx of some quadrupeds by

Messrs. Prevost and Dumas, but these, we
are inclined to believe, are not constant, and

are appearances which have arisen from acci-

dental circumstances.

In res^)ect to size, there appears to be still

a greater want of correspondence. The semi-

nal unimalculo; are said not to be larger in the

whale than in the mouse. They are very much
larger in Insects, Mollusca, and others of the

lower animals than in Man. In the snail they

are fifty-four times longer than in ttie dog, and

considerably larger in the mouse than in the

horse

The following table exhibits appioximatively

the sizes of the spermatic animalcula; of some

* Bevtragc in der Lahre von der Spermatoxoen,

Wien, t833.

•i H i
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of the moie common animals in parts of a snail, which promise, when pursued further, to

line:*

—

remove some of the difficulties respecting the

Parts of aline, nature of these bodies. Baer stales that he has

Helix pomatia '410 observed the head and tail parts to become
Lymneus stagnalis "300 separated from one another, and both these

Aquatic Salamander '200 parts, but especially the tail, to move about

Viper '050 after separation. Baer has observed also that

Polecat X there are various stages of formation and change

Guinea-pig I of the seminal animalcule, during which not

Mouse V -040 only their form but also their motions undergo

Linnet i remarkable alterations, and he supposes that

Sparrow J Treviranus must have observed the spermatic

Hedgehog ) .q~- animalcule of the snail and mussel in one of

Anguis fragilis S the.se stages only. Observations made* by

Bull -028 the author of this article and by Dr. Sharpey in

Horse } .q„c the frog, seem to bear upon this point, and to

Ass ) be in some degree confirmatory of the view

Goat % given by Baer. We have almost invariably

Ham f .._

.

found, in observing the seminal fluid of the

Cat i frog in the spring or summer, that the animal-

Habbit * cules contained in it are not of the kind de-

Common fowl '016 scribed by authors in this animal, viz. with

Frog '013 both head and tail, but of the thread-like form

Dog ) .„_ only. These were collected in bundles in the

Man (according to Der Gleichen) S thick part of the fluid, and generally moved
Man (according to Buffon) '006 with a continued vibration such as we have

Gruithuisen states that he has observed the previously described. In the thin part of the

seminal animalcules to propagate by division fl nid there were a few round-shaped or monad-
of their bodies, or fissiparous generation. But like infusoria. Occasionally it happened that

we are far from attaching implicit faith to all when water was added to the thick part of

that has been staled even as matter of observa- the fluid, and the bundles of the thread-like

tion regarding these bodies. bodies were artificially broken down, some of

We ought not to omit in this place to state them moved progressively through the fluid by
another and a different view which has recently the undulatory riggling of one of the extremi-

been taken of the nature of the moving particles ties ; and during their motion we were surprised

of the semen; we mean that of G. Treviranus, to see some of those, wliich, when at rest, ap-

who, founding chiefly upon observations made peared to be destitute of any cephalic part, fre-

by himself in the lower animals, as Mollusca quently assume the appearance of a head. This

and Insects, adopted the opinion that these phenomenon we remarked to be owing to the

particles are not independent animals, but ana- circumstance that the end by which the aiiimal-

logous in their structure and properties to the cule moved forward was bent backwards on the

fibrils and particles occurring in the pollen of middle of the body, so as at one time to give

plants. Their motion he seems to regard as of exactly the tadpole-like appearance which is

the same kind with that discovered by R. Brown represented as a head in their plates by Messrs.

to exist in infusions of tliese and other minute Prevost and Dumas. There could be no doubt
floating particles, and not as of an animal or that this was the case, for in some, in which at

spontaneous kind. He deduces this conclu- onetime the end was so closely joined to the

sion principally from the alleged observation body tliat it could not be seen, at another it

that the motion of the so-called animalcules is loosened from it, and the thread-like animal-

not the same as that of ordinary Infusoria, but cule still continued to progress in the fluid

differs from it in this respect, that it is simply with its curve forwards, and the two ends (of

vibratory and constant, and not interrupted by unequal length) floating separate and loose,

any of those stops or pauses and changes from The author has observed nearly the same phe-

place to place which are held to indicate spon- nomena in the spermatic fluid of the pigeon,

taneity in the motions of Infusoria.

f

Lastly, the observations of R. Wagner on the

Some of the facts already stated by us shew spermatic fluid of the Guinea-pig seem to prove

the fallacy of the opinion of Treviranus. Baer, more decidedly than any of the previously men-
who regards the Spermatozoa as distinct living tioned facts tliat the spermatic infusoria are

animals, holds that Treviranus has observed subject to remarkable changes of form at dif-

only an imperfect condition of the animalcule, ferent periods, and that they even go through a

and states in the work of BurdachJ someaddi- regular gradation of development,

tional observations of his own made in the The discrepancy of these observations makes

• This tabic is taken principally from the mca- • These observations were made five year* before

suremenu of Prevost and Dumas given in their the publication of this article. For further infor-

exceilent account of tlie soniinal animalcules pub- mation respecting the Spermatozoa we refer the

lished in the /Innalcs drs Sciences Naturcllcs. reader to the articles Entozoa and Seme.n ; in the

t See a paper in Tiedemann's Zeitschrift, vol, v. last of which Mr. Wagner, who has investigated

part 2, 1835. their nature with great success, will fully explain

t Vol. i. second edition. his views.
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it apparent that ne ought in the present state of
our knowledge to be very cautious in making
any general conclusion regarding the nature of
the spermatic animalcules. It appears to be
fully proved that some such animalculse always
exist in the seminal fluid of animals when they
are fit for propagation ; but it is by no means
certain that they belong exclusively to the fluids

which are the product of secretion in the tes-

ticle, for animalculae very similar to them in

general appearance and in motions are to be
found in various other fluids and organs of
animals. In all those parts of the body in
which mucous secretions are accumulated, ani-
malcule are formed, and in some of the lower
animals the Cercarias of intestinal mucus ate
hardly to be distinguished from the animal-
cula; of their seminal fluid.

Nor is it well ascertained that these animal-
cules belong exclusively to the fluid of the tes-

ticle, and do not sometimes occur in the secre-
tions of other parts of the generative organs.
They exist no doubt frequently in the seminal
fluid of the testicle, but some recent observa-
tions seem to shew that they are frequently
imperfect in the fluid of that organ, and that in

some animals at least they are not fully formed
and do not acquire their powers of active mo-
tion till some time after the seminal fluid is

secreted, and when it has passed from the tes-

ticle into other parts of the generative organs.
On this account some hold, and with good
reason, that they are to be regarded as the pro-
duct of reciprocal changes of the ingredients of
the seminal fluid on one another, rather than as
secreted along with that fluid directly from the
bloodvessels of the testicle, as others have sup-
posed.

In conclusion, we would remark that in
regard to the seminal animalculae having both
tlie body and tail, such as those that may be
seen in the dog, cat, rabbit, or other quadru-
peds, and which were described by the dis-

coverers and early observers of the seminal
animalcula:, no one who has had an oppor-
tunity of observing them carefiiUy with a good
lens magnifying three or four hundred diame-
ters can doubt for a moment that they bear a
close resemblance to some of the Infusoria, and
that both from their structure and motions they
aie with as much justice as the Infusoria to be
regarded as distinct animal beings. With re-

gard to the otlier kinds above mentioned, or the
changes they may undergo in diffierent stages
of their existence, farther investigations appear
necessary to enable us to form an opinion.

Although the spermalic animalcules, like

other Entozoa, are formed only in living ani-
mals and may be regarded as dependent for

life on those animals in which they occur, yet
they retain their life for a time after they leave
the body. Thus the spermatic animalcules of
the I'olecat, which Prevost and Dumas ob-
served with much attention, continued to move
for fifteen or twenty minutes on the object-
stand of the microscope ; and these experimen-
ters state that when the seminal fluid is allowed
to remain m the genital organs, the animalcules

continue to live for fifteen or eighteen hour^
after the death of the animal. Their motions
cease instantly when a strong electric spark is

passed through the fluid containing them.
Immediately after the discovery of the semi-

nal animalcules, they were made the subject of
very fanciful hypotheses, and were conceived to

throw quite a new light upon some of the ob-
scure parts of the generative process. To the

supporters of the theory of pre-existing germs,
their discovery opened up the prospect of b'^in'j

able to trace backwards one link more than h.id

previously been done in the chain of life which
connects the parent and oflspring. By some
they were considered as the cause of sexual en-
joyment or venereal propensities. By others,

the animalculse were held to be of different

sexes, and, according as one or other gained the

egg during fecundation, to give rise to a male
or female oflfspring, and thus to determine its

sex. They have been supposed by others to

form the first rudiments of t)ie foetus or lay

the foundation in the germ of the egg from
which the oflspring is afterwards developed,
and fecundation has thus been resolved into

the simple passage of a seminal animalcule
into the germinal part of the egg; and finally,

one or two of the most fanciful of such dream-
ing physiologists have (as we had occasion to

remark at a former part of our article) not failed

to perceive on a sufficiently minute inspection

of the animalcule, that it already possessed
all the organs belonging to the mature con-
dition of the animal in the seminal fluid of
which it existed ; compressed no doubt into

a very small space, but from which it was easy
to suppose the oflspring to be formed by evo-
lution.*

Such notions require no refutation. Let us

rather pass now to the inquiry of how far ob-
servation and experiment have tended to throw
light upon the essential circumstances upon
which the fecundating property of the semmal
fluid depends.

The nature of the change which confers

upon the egg the power of production is entirely

unknown to us,and we already remarked towards
the commencement of this article that this action

is to be ranked among those vital operations of
the animal economy which are placed beyond
the reach of our means of investigation. V\'e

should with equal prospect of success proceed
to inquire how life originates and is maintained
in the parent, as to investigate the secret man-
ner of the transmission of the vital spark from
the parent to the oflfspring. The physiologist

who would study this subject must therefore

limit his inquiries in this as in other departments

of his science to the search after those condi-

tions or chain of circumstances which appear

to be essential to the occurrence of the parti-

cular change or phenomenon which is the

object of his investigation

.

Our present object, then, is not to investigate

the nature of the change by which the living

* Gaultier, Generation de< Uomm« et det

Animaux. Paris, 1750.



462 GENERATION.

productive power is given to the egg, but to

endeavour to establish what are the essential

conditions of fecundation.

Difference between thefecundated and unfe-

cunduted ovum.—In the first place, in reference

to this subject, it would be interesting to know
"whether any material difference exists between
the structure of the fecundated and unfecun-

dated egg.

In the common fowl we have seen that the

whole substance of the egg, the yolk and ger-

minal portion, the albumen, shell, and mem-
brane, may be formed in the ovaries and oviduct,

and excreted from the body of the hen witliout

any connection with the cock ; but such an

egg, though apparently the same in structure

with that which is laid after connection with

the cock, when subjected to the requisite heat,

undergoes none of the changes of development
which incubation induces in the fecundated

egg, but only passes into chemical decomposi-
tion like any other dead animal substance.

Did any difference of structure exist between
the fecundated and unfecundated egg, we
should be disposed to look for it first in that

part of the egg which is more immediately con-

nected with the new being, viz. in its germinal

portion ; but we regret to say that the investiga-

tions of naturalists have not as yet pointed out

any marked difference in a satisfactory manner.
Malpighi, it is true, long ago pointed out a

diffeience in the structure of the cicatricula of

the egg of the common fowl which had had
connection with the cock, and those of the hen
living single, and the obsenations of this author

were afterwards confirmed by Prevost and
Dumas. In the impregnated egg the cicatri-

cula is a well-defined whitish spot, with a re-

gularly formed transparent area in its centre

;

while in the unimpregnated egg there is no re-

gularly shaped transparent area, but rather a

number of small irregular clear spaces scattered

over the surface of the cicatricula. We fear,

however, that this appearance of iiTegularity

exists as well in some eggs that have been laid

afler connection with the cock, and that the

shape or appearance of the cicatricula can

scarcely be depended upon as informing us

whether an egg has been fecundated or not,

since that appearance is much influenced by
the state of the nucleus or white matter of the

yolk situated below it, as well as by the state

of the cicatricula itself. This subject is worthy,

however, of the most accurate investigation, as

it appears to offer the prospect of affording

some information on this very obscure part of

the generative process.

In the ovarian ovulum, the vesicle of Pur-

kinje, it will be recollected, occupies the centre

of the cicatricula ; and this vesicle exists in the

ovulum so long as it remains within the ovarian

capsule, whether the hen have connection with

the cock or not. In the impregnated fowl the

germinal vesicle of Purkinje bursts, and leaves

the transparent area in the centre of ihe cicatri-

cula at the time when the ovuhim passes from

the ovarian capsule into the oviduct; but it re-

mains to be known if the same is the case, or

what iihcnomena ensue upon the escape of the

ovulum from the ovarium in the fowl which is

entirely separated from the cock.*

^^'e do not know with certainty what befalls

the vesicle of Purkinje in the ovulum of Mam-
malia at the time of its escape from the ovarium.

The analogy of all ovi]>arous animals is strongly

in favour of the supposition that it bursts in the

same manner. M. Coste states that it does not

burst, and A'alentin supports an opposite view.

\\hile, therefore, we feel disposed to adopt

the opinion that the seminal fluid, in fecunda-

ting the egg, operates its peculiar change chiefly

on the germinal part, and that the bursting of

the germinal vesicle is very probably connected

with tlie change of fecundation, it must be ad-

mitted that further observations are still want-

ing to afford a satisfactory proof of the correct-

ness of these hypotheses.

Is tnaterial contact of the semen and ovum

necessary/ for fecundation?-—No one has ever

discovered any of the seminal fluid within the

egg : the most minute observation does not de-

tect any appearance of this. A question then

naturally presents itself in reference to the sub-

ject of our present inquiry, viz. whether it is

necessary that a certain quantity of the sub-

stance of the seminal fluid should be brought

into actual contact with the egg in order to

cause its fecundation ? and if so, in what man-
ner and in whiit part of the female organs such

contact is brought about ?

\\'ere we to look no fiirther than to the

manner in which fecundation is effected in

many of the inferior animals, we might be in-

duced at once to form the opinion thai the mere

contact of a certain quantity of the seminal fluid

witli their ova, in whatever way brought about,

is all that is necessary for producing their fecun-

dation, llius, in the greater number of fishes

the milt or seminal fluid of the male is shed

over the sjiawn of Ihe female after it is laid in

water, williout there being any nearer sexual

intercourse; the fecundation is external to the

body of the female, and we thus know with

certainty that the ova and the seminal fluid are

the only parts immediately concerned in the

process. The same is the case in the conunon

frog, in which there is copulation ; for in that

animal, although the male and female remain

united firmly together during a longer period

than any other kind of animal, yet this union

is not a means of producing fecimdation, but

rather of promoting the discharge of unim-

pregnated ova from the generative system of

the female. There is in fact no true sexual

union : the spawn is laid by the female un-

fecundaled, and the male (separating then in

general from the female) sprinkles seminal fluid

on the ova floating in water.

ilxtcrnul and artificial fecundation. ^'V\\e

mode of fecundation just now mentioned sug-

' Wc have long had the intention of instituting

a scries of observations com aring tlic changes of

the impregnated and unimpregnated ovum in the

oviduct, bxu have not yet had an opportunity, and
wc recommend it to those who uiaj be anxious to

engage iu the investigation of this sufijcct.
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geslcd to SpixUanKini * tlie ingenious expe-
riment of artificial fecundation, which he first

jierformed, and wtiich furnished the most con-

vincing proof that could be obtained, that, in

such animals as the frog, sexual union is not

essential to fecundation, and that, when the

ova are ri|ie and the seminal fluid of the suit-

able quality, the mere contact of the male and
female |)roduct3 is sufficient to confer fertility

upon the ova.

Spallanzani opened very many female fi°ogs

at the time of propagation, but before they had
lard any spawn, and consequently before im-
pregnation could have occurred, and he satis-

fied himself that the ripest ova extracted fivra

the oviduct, and placed in water, gradually

passed into putrefaction without undergoing

any of the changes of development; while some
of tlie same ova, u|X)n which he had sprinkled

some of the seminal fluid taken from the body
of the male, and placed in smiilar vessels of

water, had tadpoles formed from them in the

same manner exactly as those which were fe-

cundated by the male frog itselff

The same experiments were performed by
Spallanzani on toads and newts with exactly

the same result.

SpallaiiBUji, in order to avoid every fallacy,

allowed the female to remain in union with the

male, and to lay her spawn in the natural way,
preventing only the access of any of the seminal
fluid of the male to the ova, by tying up the

hinder part of the male's lx>dy in oiled silk, and
these ova were alike barren, unless he added to

them some of the seminal fluid in the artificial

mode.
TreviranusJ mentions the performance of the

exi>eriment of artificial fecundation in Fishes,

viz. on the spawn of the Salmon, Trout, and
Carp, by Duharoel and by Jacobi. Jacobi's

experiments were re|)eated by Dr. Walker of
Edinburgh ; and very recently it has again been
performed on the spawn of the 'i'ench and
Uleak by lUisconi of Pavia. (Cyprinus Tinea
and Alburnus.)

The very complete series of experiments of

Messrs. I'revost and Dumas§ on the frog

aflbrd the most satisfactory confirmation of
those of the Abb*- Spallanzani.

Tlie following appear to be the more im-
portant results deducible from these two sets of
experiments.

1st. That a very small quantity indeed of the
seminal matter is requisite for the fecundation
of the ovum.

2d. That dilution of the seminal fluid with
water within certain limits does not impede,
but rather is favourable to itsojieration.

3d. That the absorbent power of the albumi-
nous or gelatinous matter which surrounds the
black yolk is highly useful in bringing the
seminal substance in conLict with the yolk,

where it is obvious its effect must be produced.

* Diftsertaxioni di fisica animale, &c.

t This experiment the author has more than once
performed with a similar result.

t Erschcinungcn und Gcseite dc» Organischen
(iel>ens.

$ Aonal. des Science* Nat. lom. i.

This albuminous covering, corresponding to the

white of the bird's egg, possesses the remark-

able properly of absorbing water, somewhat
like gum tragacaiith, in a determinate quantity,

and thus increases greatly in bulk after being

laid in water. In the experiments referred to,

the absorption of the water by the jelly was
fully demonstrated by the immersion of the ova

in coloured water, and it was found also that

the experiment of artificial fecundation suc-

cee<led best when the ova had not been im-

mersed in water for any considerable time pre-

vious to the addition of the seminal fluid. The
fiicundation was less certain the longer the ova

were allowed to remain in water before the ad-

dition of the semen ; and it was shewn that this

did not depend simply on the length of time

of the separation of the ova from the body of

the parent, by the foct that ova taken from

the oviduct and kept without moisture re-

tained their susceptibility of being fecundated

for a much longer period, as sixteen or twenty

hours.

4th. That the seminal fluid of the frog retains

its fecundating power fur about thirty hours

after it has left the body of the male.

5th. Attempts were made by both the expe-

rimenters above quoted to ascertain, by way of
experiment, whether the seminal animalcules

are indispensable to fecundation. Spallanzani

came to the conclusion that the seminal fluid

did not lose its peculiar powers although de-

prived of its animalcules, or although the ani-

malcules were dead ; but it must be admitted

that the means employed by that observer to

ascertain the presence or absence of the seminal

animalcule were inferior to those we possess

in more recent times. Messrs. Prevost and
Dumas, who, it has already been remarked,

consider the animalcules as the most im|)Ortant

part of the seminal fluid in reference to its

fecundating properties, state that they found in

their experiments, that that part of the seminal

fluid which had been subjected to a very careful

filtration, and which had thus been wholly de-

prived of its animalcules, had lost all fecunda-

ting power, while the substance which remained
in the filter, and which was rich in animalcules

when diluted with water, possessed the same
powers of fecundation as the pure seminal fluid.

We think this experiment requires re|3etition

and some modifications, for other ingredients,

besides the animalcules of the seminal fluid,

might be retained on the filter.

6th. Both Spallanzani and Prevostand Dumas
have attempted to estimate the quantity of

seminal fluid required for the fecundation of a

certain number of ova, and the latter observers,

pursuing their favourite idea to the utmost, have

even endeavoured to calculate the number of

animalcules which are necessary for the fructi-

fication of one or more ova. In Spallanzani's

experiments two grains of the semen of the

toad fecundated one hundred and thirteen

ova. Five grains of semen were mixed with

eighteen ounces of >vater; the point of

a needle dipped in this was made to touch an

egg for an instant and produce<l fecundation.

"The pro|)orlion here might be estimated as
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semen 1, to egg 1,064,000,000. The addition

of a larger quantity of semen, or its remaining

longer in contact with the egg, did not, accord-

ing to Spallanzani, render the fecundation more
complete than the instantaneous contact of the

wetted needle's point. Prevost and Dumas
state that they found the number of ova fecun-

dated by a given quantity of seminal fluid is

always below that of the aninialcula' which they

estimated that fluid to contain ; and by a sim-

ple process of calculation it was easy to find

how many animalculae served each ovum. A
certain quantity of seminal fluid, for example,

containing 225 animalcules, served to fecun-

date 01 only out of 380 ova, to which it was
added, so that each ovum required about Sj

animalculce for its fecundation, or malting

allowance for a few of the animalculae which
went astray into other ova, it may be stated as

three in round numbers. It will be long before

the vital processes can be traced with the arith-

metical precision displayed in this calculation.

Unfortunately for the calculations and even the

observations upon which they are founded, one
of the authors at a subsequent period published

the theory which appears to have prompted
them to revive an old and fanciful notion that

the animalcule forms the rudiment of the new
being. The animalcule, according to this hy-

pothesis, makes its way through the stiff jelly

surrounding the yolk, gains the centre of the

germinal membrane, and esconces itself there

in the very centre of that germinal membrane,
laying thus the foundation of the primitive

streak or the brain and spinal marrow of the

foetus : its position (which is always the same)
being no doubt determined by the laws of po-
larity depending upon the electro-magnetic

properties with which, according to equally

fanciful theorists, the rudiments of the new
being in the egg are endowed.

Hitherto cold-blooded and oviparous animals

only have been alluded to ; but there are not

wanting facts which render it highly probable

that in viviparous animals also, contact of se-

minal fluid with the ovum is the essential part

of the fecundating process. Thus, Spallanzani

confined a hitch for fourteen days before the

arrival of heat, and for twenty-six days after it,

so that, during that time, it could have had no

connexion with any dog, and at the time of

the heat he injected by means of a syringe

a quantity of the dog's seminal fluid into the

vagina. The bitch brought forth three young
exactly at the usual length of time from the

period of heat;— an experiment on artificial

fecundation, which may in some sort be said

to have been performed in the human species

is the well-known instance in which John Hun-
ter recommended to a man affected with hy-

pospadiac malformation of the urethra, which

rendered intromission of the seminal fluid

impossible, the injection, by means of a sy-

ringe, of tlie seminal fluid into the vagina,

—

an operation which, it is related, was attended

with complete success.

While these facts on the one hand tend to

shew that no parts of the genital organs and

no other agents are concerned in fecundation

excepting the seminal fluid and the ova, and

on the other hand afford the only positive

evidence that can be obtained, that actual con-

tact of the one with the other is necessary to

induce the change, they have appeared unsa-

tisfactory to some physiologisls,who cling to the

opinion that, in quadrupeds and birds at least,

contact is not necessary, and that fecundation

may be effected either by some hidden sym-

pathy (or concurrent action taking place in

remote parts) between the external and internal

organs of the female, or that this change may
be operated by some imponderable influence

which emanates from the seminal substance, to

which the vague name of aura seminal is has

been given.

Course of the seminalfluid within thefemale

organs.—In pursuing our examination of the

alleged evidence upon which these and similar

hypotheses are founded, it will be necessary

to consider in this place another question,

respecting which it is difficult in the present

stale 6! the inquiry to form a decided opinion,

viz. whether, on the supposition of the seminal

fluid and ova coming into actual contact, the

course of the seminal fluid within the female

organs of generation can in any instances be

traced, and in what part of these organs it

may be supposed to meet with the ova and

operate their fecundation.

In the first place the examples of ovarian

conceptions, or rather gestations, have been ad-

duced by some as a proof that fecundation

necessarily takes place in the ovaries them-

selves. But from what was said in a former

part of this paper, it will be seen that such a

belief is founded on an erroneous view of the

nature of these misplaced gestations, as well as

of the phenomena which occur in the ovary

afler conception. There is no reason to believe,

we may repeat, that ova found developed in

the neighbourhood of the ovary have retained

their situation within the Graafian vesicle. On
the contrary, they must in all probability have

been first discharged from the ovary upon the

rupture of the vesicle, and their places occu-

pied by corpora lutea; and they may have

been fecundated either while loose in the

cavity of the peritoneum, or when they have

descended some way in the Fallopian tubes,

and meeting with the seminal fluid in the

course of that tube, have been returned to the

vicinity of the ovary by some inverted or un-

natural action of the parts.*

Although, therefore, no very decided opinion

respecting the place at which fecundation

occurs can be formed from the observation of

what are termed ovarian and tubular gesta-

tions, we are inclined to think that they shew

• We need do no more than mention here a view

taken by Sir Everard Home of the uses of the

corpora lutea, which he holds to be a means of

bringing the seminal fluid into contact with the

ovum of the Graafian vesicle. This opinion re-

quires no remark, as it will be at once perceived

that it proceeds on the assumption, sliewn to be

erroneous in a former part of this paper, that the

corpora hitea are formed before the rupture of the

vesicles.
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that this process may take place, in some in-

stances at least, in tlie upper jrarts of the Fal-

lopian tube, or even in the infundibulum.

In the second place physiologists have en-

deavoured to argue re3|>ecting the place of

fecundation from the well-known fact that,

in the common fowl, turkey, and probably

some other birds, a single connexion with the

male serves to fecundate more than one ovum,
as, for example, in the common fowl twelve

or twenty ova ; and that, as there is usually only

one ovum in the progress of descent through

the oviduct at one time, we must conclude

either that the yolks or ovula are fecundated

by the rise of the seminal fluid to the ovary,

or that the seminal fluid remains somewhere
in the course of the oviduct, to be applied to

the ovum as it descends. If we exclude the

notions of an aura and sympathetic action,

the former of the above-mentioned views ap-

pears to us the most consistent with the facts

that have already come under our knowledge.

The notion entertained by Fabricius and otliers

that there is a receptacle for containing the

seminal fluid in the oviduct appears to be in-

correct ; and we lind it difticult to believe that

the seminal fluid can remain dispersed through

the oviduct, or confined in any particular part

of it and retain its power of fecundation, wlicn

we consider the manner in which each yolk

descends from the ovary and receives in its

passage the various accessory parts constituting

the albumen and external coverings. Of
course, in supposing fecundation to take place

in the ovary, there remain two suppositions

which may be entertained regarding the mode
in which the seminal fluid gains the ovula

;

for it might either pass directly up the tube of

the oviduct, or be absorbed and tsike some cir-

cuitous course.

In the third place, we are inclined to think

that in quadrupeds the ova must be already

fecundated before their arrival in the uterus,

that is, either in the neighbourhood of the

ovary or in the tubes, for this reason, that at

the lime when the ovum first arrives in the

uterus, it has already become considerably

enlarged, and has undergone some of the

changes of development;* and when we con-

sider how very regular and progressive these

changes have been observed to be from the

time when the ovum first enters the tubes, we
shall be disposed to conclude that fecundation

very probably takes place before then, or in the

upper part of the tubes.

In the fourth place, attempts have been

made to trace ttie seminal fluid in animals

opened shortly after sexual union. Most
authors agree that much of the seminal fluid

• We do not mean here to state that the parts of

the f(clus have appeared, but only that changes in

the germinal membrane preparatory to the forma-

tion of the f(Etus have taken place. Nothing of

this kind has ever been found in the unimpregnrtted
animal, no appearance of any ovum, whicti, con-
sidering how often vesicles are burst without sexual

anion, we think must have been the case had the

ovum undergone the same changes in the unim-
pregnated as in the impregnated animal until its

arrival in the uterus.

frequently flows out of the vagina soon after

coition, and ilarvey, De Graaf, and Haller

were all unable to discover any traces of
seminal fluid in the uterus even of various

animals killed and opened soon after sexual

union. Haller, however, while he states this

as the result of his ex|>eriments, admits that

the means which he possessed of ascertaining

the presence or absence of the semen were iin-

Eerfect, and he himself believed that fluid to

ave entered the uterus.

Various otiier physiologists, also, state that

they have found seminal fluid in diflerent

parts of the female organs. JVIorgagni and
Huysch had two opportunities of examining
the body of the human female very soon after

coition, and found, on opening tlie uterus, a
fluid which they regarded as semen. John
Hunter states that he observed the same in a
bitch, as also did Haosmann. But in all

these instances some doubt may be enter-

tained regarding the fluid which was considered

as semen.
Prevost and Dumas, trusting to the occur-

rence of the seminal animalculee as a certain

sign of the presence of seminal fluid, state

that they have observed these animalcules, at

diflTerent periods after coition, both in the

uteius and tubes of dogs and rabbits; and it

appears to result from the careful series of
experiments performed by these physiologists

that the longer the time was which had elapsed

after coition, the farther the seminal fluid had
advanced upwards within the female genital

passages. Thus, at twenty-four hours after

coition a great quantity of animalcules were
found in the comua of the uterus, but none
either in the vagina or farther up the tubes

;

at forty-eight hours nearly the same was the

case : on the third and fourth days there were
many animalculx still in the cornua and some
in the tubes, which continued in the dog till

the fifth and sixth days; and upon one occa-

sion only they observed a few animalcules
near the infiindibulum.

liurdach and others, again, are not inclined

to place much reliance on these observations,

because animalculte of tlie nature of Cercaria
have been noticed in the genital passages of
female animals which had had no connection
with the male.

In the fifth place, experiments on the me-
chanical obstruction of the uterus. Fallopian

tubes, and vagina, appear of considerable im-
portance in reference to this part of our subi-

ject. Experiments of this kind were per-

formed first by Haighton,* and afterwards by
Blundell ; the results of which, making allow-

ance for the more accurate knowledge we now
possess respecting the indications aflbrded by
the condition of the vesicles and corpora lutea

in the ovary, may be stated as follows :

—

1st. That when one of the coniua of the

uterus or Fallopian tube of the rabbit is divided

within a few hours after coition, and oblite-

ration of the tufje has followed, although

corpora lutea are formed in both the ovaries

• Philos. Transact, vol. Ixxxvi. p, 173.
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(as a consequence of the rupture of vesicles),

ova are not to be found on the injured side of
the uterus, but pregnancy takes place on the

other side.

2d. When the vagina was divided in a like

manner at its upper part, altliough the usual

number of corix>ra lutea were found in the

ovaries, pregnancy did not occur. That the mere
wound itself locally, or its hurtful cflects on
the constitution, did not prevent the develop-
ment of the ova, was proved by the experiment
purposely made of dividing the parts in the

same way and allowing them to reunite by
adhesion without obstruction of the tube, in

which case uterine pregnancy occurred nearly

as in the natural condition.

3d. In another set of experiments oblite-

ration of the tubes was caused to take place

at a later period, probably when the ova had
descended and may be supposed to have met
with the seminal fluid, and in these animals

pregnancy occasionally but not always oc-

curred.

It would appear to follow from these expe-
riments, that tl.e seminal fluid does not rise in

the female genital passages immediately upon
its introduction, and not for more than a day
after coition, and that those circumstances

which imjjede the rise of the seminal fluid

prevent fecundation. But they do not warrant
the conclusion that impregnation must occur
in the ovaries, since the vesicles may have burst,

tlieir contents be discharged, and corpora lutea

formed without the seminal fluid having had
access to the ovary; a fact which is well shewn
by the interesting experiment performed by
lir. Blundell, of producing an obliteration of
the upper part of the vagina in the unim-
pregnated rabbit, then allowing coition to take

place, and then finding, no pregnancy, but
corpora lutea in the burst vesicles of the

ovary.

These experiments appear also as of im-
portance m shewing that neither absorption of

the semen by the lymphatics or bloodvessels,

nor the passage by any other circuitous route,

nor indeed any sympathetic action established

by sexual union between remote parts of the

female generative organs, can be the means of

producing fecundation.

There arc, no doubt, great difticulties in the

way of our understanding by what manner the

seminal fluid accomplishes the passage up-
wards in the genital organs of the female.

Thus, the small size of the I'allopian tubes at

once strikes us as a powerful obstacle ; but in

many animals, as, for example, in the Rumi-
nantia, there is an equally great difficulty in

comprehending how the seminal fluid gains the

uterus itself even; for in these animals the os

uleri forms a long and uneven passage, inter-

rupted by many haid cartilaginous projections,

and closed in general by a very viscid and tena-

cious mucus. But yet the seminal fluid must
iu all probability enter the cavity of the uterus.*

• Burdach mentions, as supporting the view that

the seminal fluid may he absorbed by the blood-

vessels or lympliatics, and being carried into the

In conclusion, we would remark that we
must either suppose fecundation to be the

efliect of the actual contact of the seminal
fluid with the ova in the upper part of the

Fallopian tube or somewhere near the ovary,

or we are reduced to form the opinion that the

action of the seminal fluid on the lower part

of the female genital organs may be twofold,

viz. first, causing the commencement of the

process of fecundation by a sympathetic in-

fluence on the u|5per part of the tubes, and,
in the second place, perfecting the change in

the uterus when it meets there with the ovum.
We feel inclined, in the present state of our

knowledge, to give a preference to the first of

these opinions.

Nature of the fecundating process. Hi/po-

thesis of an aura, SfC.—We return now to the

consideration of the essential nature of the

change of fecundation.

The opinion that fecundation is attributable

to the agency of an aura or emanation from,

and not to the material contact of the seminal

fluid, is founded chiefly upon alleged instances

of conception having occurred in individuals

(of the human species) in whom, from unnatural

formation or disease, no direct passage existed

from the vagina or external aperture to the

internal organs, as well as upon some of the

circumstances above alluded to, as shewing the

difficulty of such a passage both in man and
animals, even in the natural condition.

No very definite idea, it may be remarked,

can be attached to the term " aura," for it has

been employed in varous acceptations by diffe-

rent authors ; one considering it as of the

nature of a gaseous or vaporific exhalation

from the seminal fluid, another denying it the

nature of a substance even of the most etherial

kind, and considering it more as a spiritual or

vital principle; and a third regarding it as of

the nature of a nervous impression. These
discrepancies only shew us that the term aura

is to be taken rather as an expression for the

unknown agency of the seminal fluid which
causes fecundation, than as indicating its modus
operandi or the part of its substance more
immediately concerned in the action. Some
authors have, however, even referred to direct

experiment in favour of the agency of an aura.

Mondat, for example, (De la Sterilite, 4to.

edition, p. 17) states that he witnessed experi-

ments performed by Morsaqui, of Turin, with

this view, from which it was found that the

bitch could be impregnated when it was im-
possible, as he states, that the substance of the

seminal fluid could in substance pass into the

uterus or other parts. Recurved tubes, con-

taining in the closed end a quantity of the

dog's seminal fluid, were introduced into the

general circulation occasion- fecundation when it

arrives at the ovary or other parts of the internal

orp:ans, Casp. Bartliolin, Perrault, Sturm, and
Grassmoycr. Dr. Harlan of Philadelphia, in a.

volume of Experimental Essays recently published,

stales that he found that the injection of semen
into the bloodvessels of a bitch put a stop to the

heat sooner tliau would otherwise have been tlic

case.
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vagina of the bilch in such a way that none of

tlie fluid itself could escape, but only an
emanation, vapour, or supposed aura rising

from it, and in eighteen out of tliirty animals
on which llie exjierinunl was performed, with

the subsequent occurrence of impregnation.

Hut until these experiments shall have been
coiifinned by careful and frequent repetition,

we must be allowed to doubt the possibility of

])erfurming such an experiment in a sufhcienlly

accurate manner.
Spallanzani, with a view to investigate the

])owers of a vapour supposed to rise from the

seminal fluid, exposed a quantity of the ripe

unimpregnated s|Kiwn of the frog for some
time in the same vessel with a quantity of
seminal fluid, the latter being placed at the

bottom of the vessel, the ova at tlie top, and
never was any fecundation produced ;— an
experiment, it is true, from which no more
than negiitive evidence can be derive<i, but
upon the whole more worthy of trust as being

subject to fewer fallacies than those of Mondat.
The instances in which it has been alleged

that impregnation has Uiken place in the human
female without there being any possibility of
the seminal fluid itself passing inwards in the

female genital jxissages, are of a very doubtful
nature, and liable to so many sources of fallacy,

that we feel little disposed to admit them as

grounds of proof of the agency of an aura

seminalis. In some of the cases in which it

has been found, either in the course ol pregnancy
or at the time of child-birth, that tlie female
jiassiijies are obstructed, there is rea.son to be-

lieve that tlie closure has been produced sub-

sequent to the occurrence of conception ; and
the same may be said of those cases of ovarian

i;eslations in which an obliteration of the Fal-

lopian lubes has been observed. In the greater

number of such cases, it may also be observed,

the malfurmation of the parts has consisted in

the much contracted state of the external orifice

or some other part of the passage, rather than

in their absolute closure, so that there was
merely a difticulty and not an impossibility of
the entrance of seminal fluid. Hut in opjxjsi-

tion to such vague and ill-ascertained observa-
tions, a variety of circu instances, which it is

not necessary to particularize, might be adduced,
tending to show how very easily in the human
female as well as in other animals all mecha-
nical obstructions to the entrance of the seminal
fluid into the uterus tend to prevent conception.

OcHi rut conclusions reipecthig J'ecundut'wn.

In conclusion we would remark, 1st, that

while we readily admit a very small quantity

indeed of tlie seminal fluid to be sufticient to

produce fecundation, we think that what has
previously been stated warrants the conclusion,

that material contact of a certain quantity,

however small, of the seminal fluid with the

ovum is necessary to give rise to its fecunda-
tion, and, consequently, that the hypothesis
of an aura is untenable. And for the same
reasons it follows that there are no just grounds
for holding the opinion either that fecundation
consists in a sympathetic action of a nervous

- kind, or that it is brought about by the absorp-

tion of the semen into the circulatory or

lymphatic vessels of the generative system.

2d. It is sufliciently obvious that in quadru-
peds there is no exact proportion between the

quantity of seminal substance or fluid received

by tlie female or emitted by the mate, and its

effect in producing fecundation,—a circum-

stance which points out a distinction which
ought always to be borne in mind between that

vital change on the female genital system and
the whole economy and ovum, and the simple

physical re-action which may take place be-

tween the semen and ovum themselves.

3d. We may regard venereal excitement of

the genital organs and impregnation of an
ovum as diflerent phenomena, for though they

usually occur together, there are instances in

which they take place quite independently.

4th. The action of impregnation is to be
regarded as sui generis, or quite peculiar among
the vital processes. It is not ca{>able of being

imitated by any other substance than tlie

seminal fluid, and neither experiment nor ob-

servation enables us to form the most distant

conjecture what the nature of that action may
be, which, from the influence of the male pni-

duct, confers upon the ovum a new and
independent life, and enables to give birth to

a new individual the mass of organic matter in

the egg, which, without the change of fecun-

dation, would prove altogether barren and
undergo no other changes than those of similar

dead matters. The action, however, is in some
respects reciprocal, and we cannot determine

what part either of the two agents concerned
performs in the change of fecundation : we
know only this, that unless the seminal fluid

be of the suitable composition it is ineflectual,

and that ova are susceptible of its influence

only when in that period of their evolution

when they are ripe. Nor can we with certainty

fix on what part of the egg the influence of the

male semen more immediately operates. Since
the fcetus grows from the centre of the germinal

layer, it has been commonly supposed that

this is the part of the egg which is most imme-
diately aflected by fecundation, but we know
nothing of this ; and it might be held, on the

other hand, that the effect of fecundation ope-
rates on the rest of tlie contents of the egg
in enabhng them to be assimilated round the

germinal centre or rallying point of the de-

velopment of the new being.

5th. It has not yet been shewn that one
part of the seminal fluid is more necessary to

impregnation than another. The seminal

animalcules form a natural ingredient of the

fluid secreted in the testicle at the time when
it is excreted for the purposes of propagation ;

they ap[)ear to be invariably present, but addi-

tional experiments are still wanting to prove

them to be the active or essential agents of

fecundation, much more the rudiments of the

new being within the ovum.

6th. Like others of the operations of the

animal economy, the action of fecundation is

known princijially in its eflects ; but it seems

to be a question worthy of investigation whe-

ther, in the phenomena exhibited during fecun-
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dation, or the laws by which this change is

regulated, it be in any respect analogous in its

nature to the operation of certain poisonous or

contagious principles, as for example, the

venereal virus, vaccine matter, the contagious

principle of small-pox, measles, scarlatina,

plague, fevers. Sec. The inimitable Harvey
thus expresses himself regarding the essential

nature of fecundation in different parts of the

forty-ninth Exercitation on the efficient cause

of the chicken. " Although it be a known
thing subscribed by all that the foetus assumes
its original and birth from the male and female,

and consequently that the egge is produced
by the cock and henne, and tlie chicken out of

the egge, yet neither the schools of Physicians

nor Aristotle's discerning brain have disclosed

the manner how the cock and its seed doth

mint and coine the chicken out of the egge."
" This," he says, " is agreed upon by universal

consent; that all animals whatsoever, which
arise from male and female, are generated by
the coition of both sexes, and so begotten as it

were per amlugium aliquod, by a kind of con-

tagion." " Even also," he says, " by a breath

or miasma," referring to the fecundation of the

ova of fishes out of the body.
" The lac maris, male's milk, propagating or

genital liquor, vitale virus, vital or quickening
venom," are all names of the seminal fluid of

the male. Again, " The efficient in an egge,

by a plastical vertue (because the male did

only touch, though he be now far from touching

and have no extremity reached out to it) doth
frame and set up a foetus in its own species

and resemblance. " What is there in genera-

tion, that by a momentary touch (nay not

touching at all, unlesse through the sides of
many mediums) can orderly constitute the parts

of the chicken by an epigenesis, and produce
an univocal creature and its own like? and for

no other reason but because it touched here-

tofore."

" The qualities of both parents are observable

in the offspring, or the paternal and maternal

handy-work may be tracked and pointed out

both in the body and soul." The first cause

must therefore be of a mixed kind. " It is

required of the primary efficient in the fabrick

of the chicken, that he employ skill, providence,

wisdom, goodness, and understanding far above
the capacity of our rational souls."

7th. In respect to the part of the female

generative system at which fecundation takes

place, it appears most probable that in quadru-
peds and the human species this change occurs

before the ovum reaches the uterus, or some
way in the course of the Fallopian tubes

;

perhaps most frequently in the upper part of

them. There is, however, probably some
variation among animals and in different cir-

cumstances regarding this point. But while

we state this as the conclusion most consistent

with facts in the present stale of our know-
ledge, we ought not to omit the mention of the

more prominent facts by which it is opposed.

In some of the lower animals, fecundation

seems to extend beyond the s])here of the ova

which are rijie. In the Aphis (as was already

mentioned at an early part of the paper) the

production of young by the female goes on
for several generations (eleven) without any
sexual intercourse after that which gave rise to

the first. In the Daphnia Longispina this is

said also to be the case for twelve generations,

and in the Monoculus pulex for fifteen. The
queen-bee lays fruitful eggs during the whole
year after being once impregnated ; and in the

instance of the common fowl and some other

birds, previously referred to more than once,

if we reject the supposition of the seminal

fluid remaining in action, it seems necessary to

suppose that fecundation must occur in the

ovary, since unripe ova are acted on by the

fecundating medium at the same time with

those which are arrived at maturity and are

ready to descend into the oviduct.*

Many physiologists also believe that the

influence of the first impregnation extends to

the products of subsequent ones. Thus Ilaller

remarks that a mare which has bred with an
ass and has had a mule foal, when it breeds

next time with a horse, bears a foal having

still some analogy with the ass. So also in

the often cited instance of the mare which bred
with a male Quagga, not only the immediate
product, but three foals in subsequent breedings

with an Arabian stallion, and these three even
more tlian the first, partook of the peculiarities

of the Quagga species.

Instances of the same kind are mentioned
by Burdach as occurring in the sow and bitch

;

and it is affirmed that the human female
also, when twice married, bears occasionally to

the second husband children resembling the

first, both in bodily structure and mental
powers.

According to Hausmann, when a bitch has

connexion widi several dogs (and this is gene-
rally the case during the continuance of the

heat, sometimes to the amount of twenty,) she
usually bears two kinds of puppies at least, and
the greater number of these resemble the dog
with which she first had connexion.

We feel at a loss to decide what weight
ought to be attached to these observations;

they appear to bear chiefly on the subjects

which are discussed in the next part of this

article.

V. MISCELLANEOUS TOPICS RELATING TO THE
PRECEDING HISTOKY OF GENERATION.
We have deferred until now the consideration

of some topics which usually find a place in

the history of the generative function, as we
have thought it desirable to separate them from
the preceding narrative on account of the

vagueness of the facts and speculative nature

of the opinions with which they are connected.

The subject last discussed naturally leads to

• Burdach hazards the opinion that in some
quadrupeds the ova may not even be developed at

the time of impregnation, as in the Roe-deer, which
])air in July and August, but do not bear their

young till May, and tlie Fox. the period of gesta-

tion in whicli is mucli longer than we should sup-
pose it ought to be, judging from llic analogy of
others of the Dog genus.
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the first of these topics which we sliall con-
sider, viz.

§ 1. Superfatution.—In the first section of

Part I v. it has been mentioned that in the

human female, a.s soon as tlie ovum has arrived

in the uterus, and even a short while before

thai period, the passage through the mouth
and neck of the uterus is closed by a viscid

mucus, which opposes a firm barrier against the

entrance of seminal fluid, and thus prevents

the occurrence of subsequent or reiterated con-

ception. In some of the lower animals, on
the other hand, it would appear that several

consecutive conceptions not unfrequently occur,

and in some animals this may be considered as

the natural mode of generation.

It becomes a point of some interest both In

a physiological and in a medico-legal view to

determine, whether, as lias been supposed by
some, the same ever takes place in the human
species.

The quadrupeds in which superfcetation

(as a second conception during pregnancy is

called) is said to occur possess a uterus with

two horns, and it may be that in them thp

product of the first conception has occupied
only one of the cornua of the uterus, and that

the second conception occurred upon the other

or empty side. This may be the case in the

hare, for example, which is said to be particu-

larly liable to superfcetation. In woman also,

it has been supposed that a double form of
uterus, which is present in rare instances as a
malformation of that organ, may admit of a

second conception on one side in the course

of uterogestation confined to the other. But
though this may be regarded as passible, we
are not aware that any example of the actual

occurrence of pregnancy in both cornua of
a double uterus afibrds a satisfactory proof
of it.

Great caution is necessary in admitting the

evidence of superfcetation, as many circum-
stances concur to render it very fallacious.

Women occasionally bear twins, or two chil-

dren differing greatly in size and apparent age

;

and many are apt at once to form the conclu-

sion from thence that the two children must
have commenced their existence or have been
generated at different times ; but it is much
more likely in most of these instances, that

the different appearance in the size and con-
foimation of the children has arisen solely

from a difference in the rapidity and vigour

of their growth. In by far the greater num-
ber of such instances, the smaller of the

children bears obvious marks of being stunted

in its growth, and it is often deformed, blighted,

or dead and shrunk ; and even although this

were not the case and the children were both
alive, a mere difference of size of children
born at the same time must be regarded as

very slight evidence indeed of so gi-eat a devi-

ation from the usual phenomena of pregnancy
as superfatation.

Those who believe in the possibility of the

occurrence of superfcetation found their belief

chiefly upon some rare instances of the birth

of more than one perfectly developed child at

successive periods so remote from one another

that both cannot have been conceived at the

same time, and it must be admitted that these

cases, if correct, go &r to prove the possibility

of superfcetation.

In reviewing the cases of alleged super-

fcetation two questions at once present them-

selves for consideration, viz. 1st, whether a
second conception may take place within a few

hours or days after the first, or we mav say at

any period before the ovum is settleJ in the

uterus; and, second, whether this may occur

at a later period, as at two, three, four, or more
months alter the first conception.

The puppies of a bitch, we have already

mentioned, generally bear a resemblance to

more than one of the dogs with which she has

had connexion during the period of heat, and
this period may extend to eight or nine days.

A mare, which had been covered by a stallion,

was five days afterwards covered by an ass,

and bore at the usual time twins, one of which
vras a common foal, the other a mule.*

Women have been known to bear two chil-

dren of different colour; and in one of these

instances the mother is said to have confessed

to having admitted the embraces of a black

servant a few hours after her husband, who waa
white.

Facts like these seem to shew that sexual

intercourse limited to an interval of a few days

(most probably before the uterus has beea
closed by the decidua) may produce super-

fcetation. But we would remark that, .iltliougb

it may be that the mechanical obstruction of
the decidua opposes an obstacle to the passage

of semen upwards, or the descent of a new
ovum into the uterus, there is obviously ano-
ther cause why superfcetation should not occur

:

we mean that fundamental cliange in the con-
stitution which is induced by pregnancy,

similar to tliat which continues in the majority

of women during lactation. But for such a
constitutional change, we conceive continual

derangement of the function of utero-gestation

would attend that process in consequence of
the recurrence of some of the more general

symptoms of conception, even although a
lodgement of a new ovuro in the cavity of the

uterus were impossible.

The following cases serve to illustrate the

nature of the more important facts on record

which do not admit of an explanation, except-

ing on the supposition that superfcetation has

taken place.

1. A woman bearing a full-grown male child

had neither lochia nor milk afler its birth, and

a hundred and thirty-nine days afterwards

bore a second child—a living girl, when the

milk and lochia came naturally. Eisenmann,

who had observed this case, explained the

occurrence by supposing that a double uterus

existed; but uixin the woman's death some
time afterwards, no unusual structure was

found.f

• Archiv. Gon. torn. xii. p. 125. Another
similiir instance is related in torn. xvii. p. 89, of tfa«

game work.

t Sec Biiidach's Physiol,
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2. Desgranges observed another instance in

which a woman bore two girls at the interval

of a hundred and sixty-eight days in the

same circumstances as in the above-mentioned
case.*

3. A third case is related by Fournier in

wliich two girls were bom at the interval of
five months, there being lochia for a few days
after the birth of the tirst.f

4. A fourth instance is mentioned of two
children born at the interval of a hundred
and nine days.J

5. Velpeau relates that a Mad. Digaux had
first a living child, and four and a half months,
or a hundred and forty days afterwards, a
second, also alive.§

We confess that we think these cases, if

correctly reported, go far to prove the possible

occasional occurrence of superfcetation in the

human species. On the supposition that two
children bom alive at different periods remote
from one another have been conceived at the

same time, three months appears to be the

greatest extent to which the interval between
their births could reach, the first being born
prematurely at six and a half or seven months,
and the second being retained in the uterus

till the period of nine and a half or ten months

;

but this is improbable in some of tiie instances

before us, as both children appeared equally

complete, and no mere difference in the rate

of their growth could account for their birth at

so remote periods.

We are reduced then to the necessity of ad-
mitting the possibility, in very rare instances, of
superfcetation ; but at the same time we may
remark that the evidence regarding it is not

sufficiently precise, and we are left entirely at

a loss to explain what causes may give rise to

this variation, and in what manner the seminal

fluid may be supposed to pass through the

uterus, or the new ovum to gain an entrance

there.

I 2. Influence exerted by parents on the

qualities of their offspring in generation.—
One of the most obvious and important laws

of the reproductive function is tliat by which
the specific distinction of animals is preserved.

]<ike produces like; and for the most pait an
undeviating succession of generations of simi-

lar structure and qualities prevents both the

extinction of any species and its being blended

with or lost in any other. Numerous examples
will recur to the mind of every one, of striking

family resemblance, which point out in how
many respects children frequently inherit their

qualities from their parents ; but it must be
held in remembrance that family or hereditary

resemblance is seldom if ever complete, but

• Diet, des Scicn. Med. torn. liii. p. 418.

{ Ibid. torn. iv. p. VA.
t Stark's Archiv fur die Geburtshiilfe, &c. B. iv.

S. 589.

§ Traite d'Accouchements, torn. i. p. 345, where
cases are referred to by Pignot in the Bull, de la

Facult. 4e Anni-e, p. 123, by Wendt, Jotnnal des
Progres, torn, x, and Fahrejiaorst, ibid. lom. viii.

p. 161.

only of that more general kind which belongs

to the species. Thus in one family we re-

cognise numerous minute differences, and in

fact it may be said that there are scarcely any
two individuals of the same or of different

family exactly alike. In respect to sex, the

most obvious difference exists : the mother

producing male and female; the son is not an
exact copy of his father, nor the daughter of

her mother, nor are they a mixture of both

;

but each of them bears certain resemblances to

one or other or to both of the parents, into

which it may be interesting to inquire,—an in-

vestigation which is to be regarded of some
practical importance in reference to the breed-

ing of cattle and other stock.

As the female parent furnishes the greater

part of the substance of the egg in all animals,

and in viviparous animals provides also the

materials which serve for the nourishment of

the young with which it is intimately con-

nected during utero-gestation, it might, apriori,

have been supposed that the offspring should

be more subject to be influenced by the qua-
lities of the mother than by those of the father;

but no general fact of this kind is established,

and instances need not here be adduced which

shew that the ofl'spring, whether male or fe-

male, bears nearly, if not quite, as many
points of resemblance to the father as to the

mother.

Such influence as the male parent exerts

upon the qualities of the offsprnig must be

transmitted and take effect at the period of

conception only, and the impression being

that of the contact of the seminal fluid with

the ovum must be momentary only. A cer-

tain part of the female parent's influence is

dependent on the original constitution of the

ovum formed in her body, while another part

of that influence may be supposed to extend

through the whole period of utero-gestation.

We shall first consider those instances of

the transmission of hereditary qualities which
appear to belong to the original constitution

of tlie male and female generative products,

and subsequently make some remarks on the

influence which the female has been held to

exert during the whole of pregnancy.

The general structure of the body, the sta-

ture, form, size of the bones, disposition to

the formation of muscle, deposition of fat, or

the reverse, seem to depend as frequently on
the female as on the male jiarent in the human
species. In some animals tlie male parent

more frequently determines the size and general

form of the body, as among feline animals,

dogs, horses, &c. The bantam cock is said to

cause the common hen to lay a small egg, and
the common cock causes the bantam hen to

lay a larger egg than usual.

An enumeration of all the points of struc-

ture which constitute family resemblance would
detain us too long, and is unnecessary as they

are familiar to every one. It does not appear

to be satisfiictorily established that the family

resemblance is derived more from one than

from the other parent, though in one family

the influence of the one parent, and in another
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family the influence of llie other parent, may
predominate*

Nor does it appear that any general law lias

been established regarding tlie transmission of
the nature of the constitution, temperament,
state of health, duration of life, &c.; for in the

human species at least these qualities of the

offspring seem to be inherited from either

])arent or from both indiscriminately.

The complexion and colour of the offspring

has received much attention. In some animals
the colour of both parents is sometimes pre-

served, as in the piebald horse; in others a
mixture of the colours of the father and mo-
ther appears in the ofispring as an inteiine-

diate tint. In other animals, and most fre-

quently in the human s|)ecies, the colour de-
scends from one only of the parents. Tlius

among while races of the human species, it

happens more frequently, when the parents are

of ditl'erent complexion, that the child takes

after one or other of lliem than that its com-
plexion is intermediate between those of the

parents ; but it does not ap]>ear as yet to be
ascertained that one parent determines the

colour more frequently than the other. The
offspring from the union of people of dark
and white races of the human species usually

has a complexion which is a mixture of or is

intermediate between the complexions of the
two parents, as in the Mulatto and other degrees
of colouring ; but it is alleged that in these

instances the colour of the father usually pre-

dominates over that of the mother. Thus a
dark father produces with a white motlier a
ilarker child than a white father with a dark
inotlier. Among animals there are infinite

varieties in this respect. White colour is

said to be more readily transmitted than others.

In some animals, however, colour is trans-

mitted witli great regularity : thus it has been
found that as many as two hundred and live

of the product of two hundred and sixteen

pairs of horses of similar colour inherited the

colours of their parents.

The degree of fruitfulness in bearing off-

spring, or the opposite, sterility, the qualities of

the voice, peculiarities in the degree of deli-

cacy of the external senses, as long or short-

sightedness, musical ear, &c., the physical

powers of the body as illustrated in the speed
or strength of horses, and peculiarities of the

digestive functions of the nature of idiosyn-

crasies, are other familiar examples of bodily
qualities usually transmitted in hereditary de-
scent from one or other parent to the offspring.

Lastly, the qualities of the mind are, i>erha|)S

as much as the bodily configuration and powers,
subject to influence from the hereditary in-

fluence of parents upon their offspring. The
powers of observation, memory, judgment,
imagination, the fancy, and all that belongs to

what is usually called genius, the emotions,

' Dr. Wallier, in a sliort essay lately printed for

private di<;tribiuion. has attempted to shew that the
upper and back part of the head usually resembles
the moilier. the face from the eyes downwards
most frequently the father.

passions, desires, and a])|ietiies, as inborn

mental qualities of the offspring, are all liable

to be influenced in the act of generation by
the parents.'

The hereditary predisposition of man and ani-

mals to particular diseases also illustrates in a

striking manner the general law now under con-
sideration, and from its importance in reference

to life assurance has attracted considerable at-

tention.

Almost all the forms of mental derangement
are more or less directly hereditary, one of the

parents or some near relation being affecte<l.

Of bodily diseases, pulmonary complaints,

diseases of the heart, scrofula, rickets, worms,
gout, rheumatism, hemorrhoids, hypochondri-

asis, scirrhus, apoplexy, cataract, amaurosis,

hernia, urinary calculi, may be mentioned as

examples of diseases more or less directly

transmitted as predispositions from parent to

offspring. The goitral and cretinous affections

combined with deficient intellect are striking

examples of the effect of hereditary influence

combined with that of the situation in which
the cretins live. The union of goitrous per-

sons in particular districts leads to the pro-

duction of cretins, while the union of a cretin

with a healthy i>erson tends to the improve-
ment of the offspring, or its gradual return lu

the healthy state.

The predisposition to disease may be trans-

mitted to the offspring from either parent, and
from the one as oflen as from the other, but
much more certainly when both the parents

have been affected with the disease.

We may also mention, in connection with

this subject, the transmission to the offspring

of various marks and deformities in the struc-

ture of the parents or their relations. I1ic

cretinism already mentioned is one of tlicse,

and there are numerous other cerebral de-
formities which are so transmitted, as congeni-

tal malformations, such as the acephalous and
anencepbalous states, spina bifida, cyclopia, &c.
which run remarkably in particular families.

In many instances the hereditary cause of
these deformities has been distinctly traced to

one or other of the parents. Nxvus, moles,

growths of hair in unusual places, hare-lip,

deficient or supernumerary toes or fingers,

have all been traced to hereditary influence,

and probably as often to the one parent or his

family as to the other. Malformations of the

heart, congenital hernia, and indeed most other

malformations, are capable of being traced to a
similar origin.

Were further illtistration of this general law

requisite, it would be found in the resem-

blance of mules or hybrids produced by the

union of two distinct races, varieties, or

species of animals, which productions also

afford an excellent opportunity of observing

• In endeavouring to estimate the degree of

original resemblance of ofT^pring to parent mentally

as well as bodily, but especially the fonxicr, great

caution is necessary not to overlook that resem-
blance between thcni which depends on education,

similar habits, pursuits, mode of life, and conti-

nual intercouisc.
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and comparing tlie amount of lieredilary in-

fluence exerted by one or otlier of tlie parents.

The hybrid usually combines to a certain ex-

tent the qualities of its father and mother, as

in the familiar example of the common mule
between the male ass and the mare, or in the

product of the tiger and the lion, the dog and
wolf, the pheasant and black grouse, the gold

and common pheasant, and others. In some
mules the qualities of the father predominate,

in others those of the mother ; but so far as

we are aware, the isolated facts regarding this

point have not yet been brought under any
general law.

It has been asserted that acquired qualities,

whether mental or bodily, of the parents are

capable of being transmitted to their ofl'spring.

Thus the superiority of a civilized over a bar-

barous nation is said to dejiend, not solely on
the influence of an advanced state of educa-
tion upon each new comer, but also on the

greater natural powers of the children, derived

from their parents at the moment of their

production, or, in other words, the greater

capability of the children to receive the higher

mental acquirements and more refined ideas

belonging to the civilized condition of society.

Farther, it is asserted that dogs and cats

which have accidentally lost their tails have
brought forth young ones with a similar de-

formity. Ulumenbach afhrms that a man who
had lost his little finger had children with the

same defect. A wound of the iris and a defor-

mity of the finger occasioned by whitlow are

said to have been transmitted. The well-trained

pointer of this country produces a puppy
much more capable of being trained than the

dogs of the original breed. The retriever spaniel

and the shepherd's colly are said to do the

same. Well-broken horses produce docile

foals, and lastly, the young of foxes living in

hunting countries are naturally much more
circumspect than those living in countries

where they are not exposed to the danger of

pursuit.

We look upon all these alleged facts with

distrust. Many of them are coincidences

;

others, we suspect, are false. It is obviously

insufficient for our purpose to ascertain the

qualities of the one generation which is born.

We must also know to what circumstances

the parent may have owed its peculiarity. We
feel convinced that education more than any
other circumstance has influenced the superior

powers of the animals above alluded to, and
there is no proof that the parent did not

possess the same capabilities or natural powers

as the offspring.

There are, on the other hand, innumerable

instances which shew that acquired alterations

of structure are not transmitted. How many
men are there who have lost limbs and yet

have produced children in no respect maimed.
A quadruped without the fore-legs has borne

entire young. A bitch in which the spleen

had been extirpated had young possessing that

organ. Men with only one testicle have sons

with the usual number; and lastly, the people

of nations, the males of which have been cir-

cumcised during hundreds of years, have chil-

dren with foreskins not a bit shorter than those

of nations in which no such practice exists.

The breediiii; of domestic animals of dif-

ferent kinds, suited respectively to the various

useful purposes for which they are employed,
is a subject connected with the present question

of high practical importance ; but unfortu-

nately, though some practical men have well

understood the proper method to be pursued,

it is to be regretted that the facts have never

been reduced to general rules, and that the

theoiy has been almost entirely neglected.

It is generally admitted as a fact proven

that in the ox, horse, and other domestic

animals the purer or less mixed the breed is,

there is the greater jjrobability of its trans-

mitting to the oft'spring the qualities which it

possesses, whether these be good or bad.

Economical purposes have made the male in

general the most important, simply because

he serves for a considerable number of females.

The consequence of this has been that more
attention has been paid to the blood or purity

of race of the stallion, bull, ram, and boar

than to that of their females ; and hence it may
be the case that these males more frequently

transmit their qualities to the offspring than do
the inferior females with which they are often

made to breed. But this circumstance can

scarcely be adduced as a proof that the male,

ceteris paribus, influences the offspring more
than the female.

Bad as well as good qualities may be trans-

mitted, and, therefore, it is obvious that in

endeavouring to improve any stock by engraft-

ing a good quality, the breeder must choose a
male which, besides the requisite good quality,

is free from those defects of the female which

It is desirable to sink. He must also select a

male in the family of which the desired quality

has been long resident. He cannot engraft

the quality all at once, but must endeavour to

introduce it by frequent crossing.

In the horse, for example, the strength of

bone and weight of muscle suitable for slow
draught, the light frame and prodigious swift-

ness of the race-horse, and the intermediate or

rather combined qualities of the carriage-horse,

hack, or hunter, are all capable of being pro-

duced by proper attention to purity or mixture

of breeds. The pace, speed, action, temper,

courage, colour or quality of hair, and almost

all other qualities may be increased, dimi-

nished, or altered by a judicious admixture of

different races. So also the immense weight

of beef and fat of the large ox, the flavour

of the fle.sh, the abundance or richness of the

milk of the cow, are subject to modification in

every different breeding.

The economical breeder, then, while he has

settled in his mind the object which he wishes

to accomplish in any of his stocks, must hold

in recollection that it is only by the combi-
nation and continued succession of good qua-
lities that he can ensure a permanent improve-

ment. He must not expect to be able to

effect this by crossing the breed of an impure

blooded or worn-out female with a male of
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su|)erlor quiilities. Bad qualilics may become
as fixed as good ones, and a judicious selection

of the good ones (as adapted for liis purpose)

ouijlit 10 be liis first and principal object.*

A belief exists with some, founded, il is

said, both on common observation and scien-

tific research, that frequent breeding in the

same family, or what is commonly called

breeding in and in, has the effect of deterior-

ating a race. There appears, however, much
reason to believe that the opinion just now
slated is founded in error. In a stale of nature

it not uiifrequently hapjiens, among those ani-

mals especially which do not pair, that the

strongest males take precedence of the weaker,

and naturally select the finest females (as

occurs in the deer); but in a state of domes-
ticity this cannot always be the case, and
inferior animals coming together give rise to

inferior offspring ; but, if in the farm-yard

sufficient care be taken in the selection of the

breeding males and females, it docs not appear
that near relationship has any effect in dete-

riorating the race, nor in impeding the trans-

mission of good qualities which may be found

in males and females of the same family.

The belief now alluded to has been held in

relation to the human species also, and it is

affirmed that both the bodily and mental qua-
lities of the offspring suffer gradual and pro-

gressive injury from the continued mixture of

successive generations of the same family or a

small number of families. Hence we find

that the marriage of cousins-german, which
is according to law in this country, is repro-

bated as prejudicial by some; and various

royal families and aristocratic families are re-

ferred to as examples of the bad effect of

the restriction of conjugal union to a narrow

circle.

It must be remembered, however, that the

mutual selection of the parents is not quite the

same in the human species as among the lower

animals ; and in the examples just referred to

we feel even inclined to doubt whether, when
due allowance is made for the nature of their

education, it will be found that kings or

princes have become worse or less talented

in modern than in ancient times, or whether

among that class there is, on an average, a
greater proportion of stupid inen than in other

ranks of society.

The regularity of feature and beauty of the

Persian race has been greatly improved by
their choice of the most beautiful Circassian

and Georgian wives ; and there are many
examples of |)articu!ar families in this country

in which regular and handsome features and a

well-knit and fully developed form of body
are hereditary. We shall not pursue the at-

tempt, however, which some have made to

apply the principles of cattle-brecfling to the

human species ; for however desirable and
necessary an improvement of the breed may
appear to some Utopian philanthropists, we

fear tliat the mind, with all its j^cculiar tastes,

prejudices, and passions, has too much to do
with the greater number of matrimonial al-

liances to allow physiological considerations

much jurisdiction.

From the different facts now touched upon,
it is obvious that the original type of the parents

modifies that of their offspring; while, in gene-
ral, varieties accidentally acquired do not pass

in hereditary descent, unless they are of such a
nature as to constitute a permanently distinct

race or variety.

In the mixture of different races of the human
species and of distinct species of animals we
recognise a constant tendency in succeeding
generations to return to the original type or pure
breed ; an effect which seems to proceed natu-

rally from the general law already announced,
that the purer the breed of either of the parents,

or in other words, the more nearly it approaches
the original type or unmixed race, the more
readily will its qualities descend to the ofT-

spring. When the mixed offspring of the black

and white races of men unites with either the

black or tlie white, the offspring in successive

generations becomes more and more nearly

allied to the pure breed with which the cross is

made, and at la.st wholly identified with it.

W'e must look upon this general law of the

tendency of all mixed varieties to return to the

original type, together with the circumstance that

hybrids rarely breed as means adopted by na-

ture for the preservation of distinct species.

The transmission of hereditary resemblance,

either as regards the general structure of the

body or peculiarities, is not, however, invari-

able, nor always immediate from parents to ofT-

spring. Thus parents with certain deformities

may produce all their children naturally formed
and nealthy ; or some of them only (in one
case the males, in a second the females, in a
third some of both sexes) may inherit the ab-

normal peculiarity, while the rest of the chil-

dren are healthy. But these healthy children,

from some disposition of their constitution, may
transmit to their descendants either in the first

or in a subsequent generation the defect which
existed in their parents. The varieties in this re-

spect in the human species are almost infinite.

Thus, in one filmily all the children resembleone
parent in a striking manner ; in another the

male children take after the father chiefly, the

females al\er the mother ; and in a third the

converse holds, the peculiarities of the father

descending principally to daughters, those of

the mother to sons,—an arrangement of family

resemblance which is the most commonly pre-

valent according to M. Girou, who endeavours

to shew that family resemblance frequently

passes in an alternating manner from grand-

parent to grandchild. Thus, the grandchild

resembles the grandparent of the same sex, so

that a boy whose father is like his (the father's)

mother resembles most the grandfather, as in

the following plan.

• Wp refer ihc reader (o the Farmer'* Scries of

the Lihiary of Useful Knowledge. Vols. Ilorsc

and Cattle.

ut Generuti'm. Graf>4f. nrandm. Oron-ir. Gramlau
id ditto

1
Father Mother

1

9d ditto Son Daughter Son Daufih.

If it should be proved that a first or earlier

2 I
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impregnation influences the product of a sub-

sequent one, in lireeding any particular stock

of animals, it would appear of importance that

the female should always breed with well qua-
lified males; and farther, that the genealogy of
both parents for one step, if not more, back-
wards, ought to enter as an item into the cal-

culation of the probable qualifications of the

offspring.

Much information is, however, still wanting
on this subject, which, as it involves the most
obscure parts of the generative process, we can
hardly expect ever to be able to fathom. It

cannot but be a matter of wonder and extreme
interest to inquire how, in the unformed germi-
nal spot of the egg of the female at the moment
when It receives the vital fecundating influence

of the male semen, the disposition to the forma-

tion of those minute modifications of structure

and function which constitute hereditary re-

semblances is capable of being retained and
transmitted to the future offspring.

The celebrated Darwin and some other fan-

ciful speculators on physiological subjects held

an opinion* that the transitory state of the

minds of the father or motlier at tlie instant of

conception has a marked influence on the men-
tal and physical qualities of the offspring.

Thus it has been alleged that children begotten

after debauchery or drunkenness are liable to

idiocy or weakness botli of mind and body ;

that when the amorous propensities are tuo

much excited, the offspring runs the risk of

erring in the same way ; and in short, that ac-

cording to the predominance of one or other

sentiment, propensity, or frame of mind, the

offspring may be a genius or a dolt, a sentimen-
tal swain or an unfeeling brute, a tliief, a rob-

ber, a murderer, &c. Leaving to others the

proof or disproofof the alleged facts upon which
the above-mentioned belief is founded, we
would take the liberty of expressing our doubts
as to whether at the particular time alluded to

by these theorists any idea but one is usually

predominant. Nor shall we here dwell upon
the obvious local treatment which is applicable

upon the phrenological view of the subject;

but as few may be aware of the real importance
of that critical period in which life is conferred

upon a new being, we have thought it right to

put our married readers at least upon their

guard against unrestrained yielding to any of

the baser feelings or ideas, which do creep into

the best-regulated establishments, requesting at

the same time that they will communicate to

their partners such information as may be con-

sidered necessary for the attainment of the grand
object in view, viz. the improvement of the po-
pulation of this kingdom.

Tlie belief now stated as regards the human
species has also been apijlied to animals, and
that either parent may thus influence the off-

spring. Thus it is asserted that the male race-

horse when excited by running, if not fatigued,

is in the best condition for communicating speed

to his offsjiring. Again, it is related that at

* Moro recently adopted l>y Mr. Combe, of Edin-
burgh, in his Work on the Consiitiuion ot" Man.

the time when a stallion was about tn cover a

mare, the stallion's pale colour was objected to,

whereupon the groom, knowing in the eH'ect

of colour upon horses' imaginations, presented

before the stallion a mare of a pleasing colour,

which had the desired efiect of determining a

dark colour in the offspring. This is said to

have been repeated with success in the same

horse more than once. As a similar case, the

influence acting through the mother, it is related

that a cow belonging to a farmer of Angus, in

Scotland, had been grazing in company with

an horned ox of a black and white colour for

some time before it came into heat. The bull

which impregnated the cow had no horns, and

differed totally from the ox in colour, as did

also the cow itself; and yet, wonderful to

ralate, the next calf was black and white, and

had horns.

These stories lead us to the consideration of a

host of extraordinary relations, from which the

general conclusion has been drawn, by no very

logical process of induction, that the imagina-

tion of the female parent is capable of exerting

a powerful influence on the structure and qua-

lities of the offspring either at the moment of

conception or during part of the period of utero-

gestation.

The effects of the mother's imagination upon
the child are so various that we cannot hope to

be able to reduce them to any general or com-
plete enumeration. Those which have attracted

the greatest share of attention are of the nature

of blemishes, spots, wounds, deficient and re-

dundant parts, in short, all unnatural or so-

called monstrous formations of the child.

The alleged causes of these unnatural for-

mations include all those circumstances which

powerfully excite the moral faculties, the

fancy, desires, or passions of the mother

;

sudden surprise, fear, anger, horror or disgust

on her being a witness of any unusual or

frightful event or object, or the opposite pas-

sions of joy, pleasure, admiration, &c. as

well as strong longings, desires, and appe-

tites, whether satisfied or not. The influence

of the mother's imagination upon the child

is not confined in its effects to bodily disfigu-

ration or change, however, for those who carry

their belief its whole length hold that the mind
of the child may also be similarly modified.

Thus it is stated that the ambition, courage, and
military skill of Napoleon Bonaparte had their

foundation in the circumstance that the empe-
ror's mother followed her husband in his cam-
paigns, and was subjected to all the dangers of

a military life; while, on the other hand, the

murder of David Jlizzio in the presence of

Queen Mary was the deatli-blow to the personal

courage of King .lames, and occasioned that

strong dislike of edged weapons for which that

crafty and pedantic monarch was said to be re-

markable.

We can readily believe that all sudden
or violent changes in the functions of tiie mo-
ther, derangements of the general circulation,

nervous affections, and other circumstances

which tend to disturb the uterine function,

must cause or be liable to occasion injury to
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tlie fcBfus or its coverings during prt-giiaiicy.

So also we can undei'sland that any violent

affection of tlic mind of a pregnant woman, in

so far as it lends to derange llie bodily fnuc-

tions, may produce some effect on the nutrition

of the child.

Some contagious diseases pass from the mo-
ther to tlie child in utero. Sypliilis and small-

pox may be mentioned as those the effects of

which have been most frequently observed.*

Typhous fever, on the other land, is said rarely

to affect the child. We know also that severe

affections of the mother may cause the death of

the child, and its premature expulsion or abor-

tion. According to llausmann, the effect of

variations of the external atmosphere is visible in

the unusual number of blind colts and hydro-

cephalic pigs which are born after a wet sum-
mer. Malformations of the foetus of birds have

been artilicially produced by external injuries

and altered position of the eggs during incuba-

tion. f The transmission to the child of the

effects of chemical poisons taken by the mother
has also been observed ; but in all the foregoing

the effect of the injui-y has been more or less

gener.il ; and there is no sufficient reason to

conclude from them that a particular impres-

sion on the mind of the mother is capable of

producing physical injury, or a jiarticular de-

formity in one or other of the organs of the

fwtus.

A vague notion is entertained by some that a

certain influence is exerted by the hen or other

bird on the eggs that they incubate, by which
the qualities of the progeny are modified, but
we must observe that hereditary resemblances

are presented in artificial incubation without

the hen ; and although we are disposed to ad-

mit that the female bird incubates its eggs with

an instinctive care and perfection tliat art can
rarely imitate, we are exceedingly sceptical as

to the possibility of any other secret influence

from the oviparous mother to its offspring

once the eggs have \e(t the body ; and the

attempt to support the theory of imagination by
this opinion is an explanation of tlie obscurum
l)er obscurius.

Were it possible to separate the better authen-
ticated from the more fanciful relations of the

effects of the mother's imagination, or to select

those instances only in which the impression
on the mind of the mother had been carefully

noted before the birth of the child, we might
expect in some degree to be able to free this

question from the falsity and prejudice which
obscures it. l!ut such a separation we believe

to be impossible, and we have therefore re-

solved to enumerate shortly some of the more
remarkable cases taken at random, J from which

* In reference to this, it is aa interesting circum-
stance that the chihl ix alTcctcd with Btnall-pox
sonic time after tlie mother, as if the contagion had
taken tlie same time to operate as it does in passing
between two persons.

t As in GeolTory St, Hilaire's experiments, wliich
the auilior lias more than once repeated witli a si.

inilar result.

t From Hurdach's Vhysiologie, IJ. ii. and from a
latcutcd Refutation of the Doctrine of the Imaigina-

we think (he reader will best be able to judge

wh.it value or faith is lo be attached to the facts

now under consideration.

In a certain number of these cases we are

told that an injury of an organ in the mother

causes a similar injury in a corresponding part

of the child's body ; as in the following ex-

amples.

1. A cow killed by the blow of a hatchet is

found pregnant of a foetus with a bruise on the

same place of the forehead.

2. "The same was the case with the young one

of a hind that had been shot.

3. A pregnant cat which had had its tail

trodden on bore five young, in four of which

the tail was similarly wounded.
4. A woman bitten on the pudenda by a dog

bore a boy having a wound of the glans penis.

This boy suffered from epilepsy, and when the

fits came on during sleep was frequently heard

to call aloud, " the dog bites me 1 " Tliere

are other similar cases on record.

5. A pregnant woman walking with a friend

has her head knocked violently against her

friend's, and shortly afterwards bears twins,

which are joined together by the foreheads.

6. A gentlewoman who was cut for rupture

in the groin during her pregnancy, bears a boy

having a large scar in the s<-ime region, which

he bore for thirty years afterwards.

The injuries of others operating on tlie ima-

gination of the mother may affect the structure

of tlie child : thus

—

7. A woman who was suddenly alarmed by
seeing her husband come home with one side

of his face swollen and distorted by a blow,

bears a child (a girl) with a purple swelling

covering the forehead, nose, &c. of the same
side.

8. A child is bom with hare-lip, which was
caused by the mother's frequently seeing; a
child with the same deformity during her preg-

nancy.

9. A mother seeing a criminal broke upon
the wheel, bears an idiot child, of which the

bones are similarly broken.

to. A woman seeing a person in an epileptic

fit brings forth a child which is subject to

epilepsy.

H. A lady in London, who is frightened by

a beggar presenting the stump of an arm to her,

bears a child wanting a hand.

12. A child is born with its head pierced,

in consequence of its mother having seen a

man run through the body with a sword.

13. A woman is forced to lie present at the

ofiening of a calf by the butcher. She after-

wards bears a child with all the bowels hang-

ing out of the abdomen. This woman mis at

the time of the accident .iware that something

was going wrong in the womb.
14. A similar misfortune happened to the

child of another woman, who was imprudent

enough to witness tlie disembowelling of a pig

during her pregnancy.

tionists, by Dr. Blundcll, of London. Professor

Itunlncii, we may remark, is inclined to adopt the

belief.
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The mere description of an event may affect

the child, as in the fullowing curious case.

15. A woman who had listened with con-

siderable interest to a description of the ope-

ration of circumcision bears a child witli the

foreskin split up and turned back !

16. A woman who sees another affected with

prolapsus uteri bears a child affected with the

Siime disease.

Tlie examples of the effect of sudden fright,

disgust, anger, joy, &c. are very numerous.

1 7. A lady absent from home is alarmed by
seeing a great five in the direction of and near

her own house ; and some months afterwards

bears a female child having the distinct mark
of a flame on her forehead.

18. A pregnant woman frighted by her hus-

band pursuing her with a drawn sword, bears

a child with a large wound in the forehead.

19. A man who had personated a devil

(or satyr according to other authorities) goes to

bed in his assumed dress, and his wife, being

then pregnant, afterwards bears a child having

horns, cloven feet, &c.

20. A mother frighted by the firing of a gun
has a child wounded as by a gun-shot.

21. A pregnant woman falls into a violent

passion at not being able to obtain a particular

piece of meat at a butcher's shop ; she bleeds

at the nose, and wiping the blood from her lip,

afterwards bears a child wanting the lip.

22. A woman two months before being

brought to bed is alarmed by hearing a report

that a neighbour had murdered his wife by a

wound on the breast, and bears a child with a

similar wound.
23. A child is born with the hair of one

side black, that of the other white: competent

judges declared at the time that both sides

would have been white, but for the circum-

stance that the mother had carried a heavy sack

of coals during her pregnancy.

24. A woman frighted by the sudden ap-

pearance of a negro brings forth a child with

various black marks.

25. A mother is suddenly frighted by a

lizard jumping into her breast, and afterwards

gives birth to a child having a fleshy excre-

scence exactly like a lizard growing from the

breast, to which it adhered by the head or

neck.

26. A child has a face exactly like a frog's,

from the mother having held a frog in her hand

about the time of conception.

27. The remarkable resemblance of a wo-
man to an ape was fully accounted for by her

mother having been much pleased with one of

these animals when with child of her.

The effect of the attentive contemplation of

pictures, statues, Sec. by pregnant women is

worthy of notice.

28. A child is born covered with hairs in

consequence of the mother having been in the

habit of beholding a picture of St. John the

Baptist.

29. A woman gives birth to a child covered

with hair and having the claws of a bear, from

her constantly beholding the images and pic-

tures of bears hung up every where in the

dwelling of the Ursini family, to which she

belonged. It is not stated by the Author of

Waverley, whether any thing of the kind ever

happened in the Bradwardine family.

."iO. A woman contemplating, tou earnestly

as it appears, a picture of St. Pius, has after-

wards a child bearing a striking resemblance to

an old man.
31. The tyrant Dionysius was aware of the

effect of pictures ; for he hung a beautiful

picture in his wife's chamber, in order to im-

prove his children's looks.

32. Two girls (twins) were born with their

bodies joined together, their mother having

during her pregnancy been in the habit of at-

tentively contemplating two sacred images

similarly placed.

33. A child is bom with its skin all mottled

in colour from the mother having made a visit

to St. Winifred's Well, and seeing the red peb-

bles there.

34. Anodier child was marked on the face,

in consequence of the mother having worn

black patches.

The longings and depraved appetites to

which pregnant women are liable are occa-

sionally the causes of marks and deformities

in their children.

35. There are a great many instances in

which the longing of the mother after straw-

berries, grapes, cherries, peaches, and other

fruits has caused the growth of tumours in the

children exactly resembling in each the fruit

that was wished for,

36. A woman who had longed for a lobster

brings forth a child much resembling one of

these animals.

37. Another woman had a female child, the

head of which was like a shell-fish (a bivalve,

which opened and shut as a mouth), which

procfeded from the mother's having had a strong

desire for mussels at one time of her preg-

nancy.

38. A pregnant woman lovgs, or has a great

desire to bite the shoulder of a baker who
happens to pass. The husband, wishing to

humour this extraordinary fancy, hires the baker

to submit to be bitten. The mother makes
two bites, but of such a kind that the baker

will not submit to more; and some time after-

wards she is brought to bed of three children,

one dead and two living.

39. A case of spina bifida near the sacrum

is explained by the mother's having wished for

fritters, and not obtaining them, having ap-

plied her hand (we know not with what object)

to a corresponding place in her own body.

The impression on the fancy of the mother

may be made before conception has taken

place : thus

—

40 A woman, whose children had pre-

viously been healthy, six weeks before con-

ception is suddenly frighted by a hejgar who
presents a slumped arm and a wooden leg, and

threatens to embrace her: ihe next child had

only one stump leg and two stuinp anus.

The impression on the fancy may extend to

the product of several successive conceptions.

41. A young woman frighted in her first
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pregnancy by the sight of a child with hare-lip,

bears a child with a complete deformity of the

same kind: her second child had merely a
deep slit, and her third no more than a mark
in the same place.

We do not wish to argue against this hy-
pothesis from its prima fiicie absurdity merely;
but we think it will be generally admitted that

the greater number of the foregoing cases are

ridiculous and incredible; inasmuch a.s simple
malformations of structure well known to ana-
tomists have been regarded as the represen-

tations of animals and other objects to which
they bear a very distant if any resemblance,

—

cases, in shoii, in which it is apparent that the

imagination of the bye-staiiders has been more
active than that of the mother.

We shall at once admit that we ought not to

reject immediately an explanation of the me-
chanism of a vital function on account of its

obscurity merely ; but we assert that the gene-
ral phenomena of the vital functions are capa-

ble of being observed and reduced to fixed

and general laws, which is certainly by no
means the case with the effects of imagination,

which are as various and contradictory as they

are absurd and ridiculous. The anatomical

connection of the maternal uterus and child is

so well known that we may with safety affirm

that no such communication exists as would
be necessary for the transmission of an im-

pression from tlie body of the mother to any
particular organ of the fuetus, and much less

any means of conveying mental impressions

only. The longings which are said to be so

liable to cause injuries of the cluld seem to

act in the same manner whether the appetite

is satisfied or not, &c.

But moral reasons are much stronger against

the belief. It is obvious that in much the

larger proportion of the cases related, the co-

incidence of the mental impression on the

mother with the injury done to the child is a

post-partum observation and discovery. The
iiiollier and her friends, or the father, if such a

deformity shall belong to his side of the house,

are desirous of finding an explanation of the

blemish which shall not be a stigma upon
them; and in other instances it is to be feared

that the idle and talkative women who attend

upon child-beds, and even more scientific male
accoucheurs, have encouraged the mother's

belief in the effect of some alleged previous

impression (selected from thousands) on her

imagination, in order to hide undue violence

employed during tlie delivery, or perhaps with

a less culpable desire to quiet the fears of the

mother while in the dangerous puerperal state.

There is no doubt that there are innumerable

instances in which the imagination and all the

moral and intellectual powers of women have

been highly excited during pregnancy without

their children having suffered in any respects
;

anil there are not wanting instances of chil-

dren being born with all kinds of deformity

that have been attributed to the effect of

imai;iiialion, without their being aware of any
unusual im|iression huviug been made on their

minds.

Again, it may be remarked that the stage of
the ])erio<l of pregnancy at which the injury of
the child may talce place is by no means de-
fined, and that there is no correspondence
between the time or advancement of the foetus

and the nature of the injury. Some injuries

are said to have occurred or to have h;id their

foundation laid at the very moment of con-
ception, and even occasionally before that time,

while others are inflicted only a few weeks be-

fore birth.

The monstrous ap)iearances or malformation.*

which constitute by far the greater part of the
injuries attributed to tlie mother's imagination,

are now no longer regarded as lusus naturs
merely, or " sports of nature's fancy," as they
used to be called ; but tlie times at which
many of them must have occurred are known
with some degree of certainty, and these times
by no means correspond with the periods at

which the imagination is said to have been
affected. Besides this, nearly the whole of
congenital malformations have been accnnilely
anatomised, and their structure is reduced to

general laws as regular and determinate in

each individual form as the more usual or so-

called natural structure. See Monstrosity.
In this question, as in otliers of a like kind,

reference has been made to scriptural autho-
rity, in the history, viz. of Jacob s placing the
peeled black and willow rods before the ewes
which went to drink and afterwards conceived.
But any one who pays the slightest attention

to the whole of this relation will at once be
convinced that the sacred writer, in describing

the proceeding of Jacob, exhibis merely tliat

patriarch's belief in the efficacy of such means;
for in a subsequent part of the chapter Jacob
is undeceived by the angel, who ap|>ears to him
in a dream and informs him of the real cause
of the multiplication of the speckled lambs,
&c. viz. the circumstance that the ring-strakcd,

speckled, and spotted males had leaped upon
the females, and that the progeny therefore

merely inherited their colour from their fathers.

We now leave this unsatisfactory subject,

upon which we have perhaps dwelt longer than
it deserves. We have introduced the foregoing

remarks partly in accordance with custom, and
also with a view to shew how little connection
exists between the facts of our subject and the
vague fimcies to which allusion has been made.
In doing so we are aware that we are liable to

the accusation, on the one hand, of having
treated with too much levity facts ami ob-
servations upon which some are disposed im-
plicitly to rely, and, on the other, of trifling

with science in noticing even such vain fancies

as belong to pregnant women and their atten-

dant nurses.

We conclude by adopting and expressing

the opinion of Dr. Blundell, " that it is con-

trary to experience, reason, and anatomy to

believe that the strong attention of the mother's

mind to a determinate object or event can
cause a determinate or a si)ecific impression

upon the body of her child without any force

or violence from without; and that it is equally

improbable that, when the imagmation is ope.
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rating, the application of the mother's hand to first marriage, and fourteen in tlie second ; and

any part of her own body will cause a dis- in a still more extraordinary case, fifty-three

figuration or specific impression on a corres- children in all in one marriage, eighteen times

ponding part of tlie body of the child." single births, five limes twins, four times tri-

§ 3. Number of ch'ddrai ; and relative plets, once six, and once seven.*

proportion of the male andfemale sexes. Men have been known to beget seventy or

The simpler animals are, generally speaking, eighty cliildren in two or more marriages, but

more fruitful than the complicated ones. As the tendency of polygamy is generally believed

examples of great fecundity, may be mentioned to be to diminish rather than to increase the

some of the Kntozoa and MoUusca, which pro- number of the whole progeny.

duce hundreds of thousands of ova ; among According to Marc, not more than two or

Crustacea and Insects some produce many three children are born from two thousand pros-

thousand young. The Perch and Cyprinus titutes in the course of a year,—a circumstance

genus among fishes produce some hundreds of depending in part on their want of liability to

thousands, and the common Cod, it is said, conception, and in part on frequent abortion,

some millions of ova. Most of the Batrachia The proportion of children born in each mar-

produce at least some hundreds. But in the riage varies much in different countries. The

warm-blooded \'ertebrata, the necessity of in- following statement of the average number is

cubation or utero-gestation puts a limit to the taken from Burdach : (iermany, 6—8 ; Eng-

number of young; and there are also compara- land, 5—7; France, 4—5; Spain and Italy,

lively few in the Blenny, Skate, Shark, Land 2— 3. f
Salamander, or such animals as are ovo-vivi- In reference to the average proportion of male

parous. !ind female births, it appears from very exten-

In the human female, the number of chil- sive data that in this and most other countries

dren altogether produced is limited, first, by the number of males usually exceeds that of

the number of Graafian vesicles in the ovaries, females ; in this country in the proportion of

which usually amounts to from twelve to fif- four or five in a hundred,

teen in each ovary ; and second, by the length The circumstances which influence the jire-

ofthe time during which a woman bears chil- ponderance of male births are not known. The
dren, (the greatest extent of which is usually accompanying table shews how very const;int

twenty-five years, that is, from the age of fifteen it is in different countries,

to forty, or twenty to forty-five,) the length of Table of the proportional number of males

this period again depending upon the rapidity and females born in different countries ; the

with which the births succeed one another, and females being taken as 100.

the number of children produced at each. Great Britain 104.75

Women most frequently bear every twenty
France

f 106.55

months, but some have children at shorter in- 1 103.38

tervals, as of fifteen or even twelve months.
Prussia .

.

.
^ 106.94

This often depends upon the circumstance \ 105.90

that in some lactation prevents conception

j

Sweden 104.72

in others it does not. Wurtembnrg 105.09

The number of the eggs of birds for one in- Westphalia and Rhine 105.86

cubation varies from two to sixteen. Thenum- Bohemia 105.33

ber of the young of Mammalia produced in Netherlands 106.44

one utero-gestation varies from one to fifteen, Saxony and Silesia 100.05

and occasionally more. Austria 100. 10

Woman usually bears a single child. The Sicily 100.18

proportion of twin-births to those of single Brandenburg 100.27

children is estimated by Burdach as one to Mecklenburg 107 07

seventy or eighty: die proportion of triplet Mailand 107.61

births one to six or seven thousand ; quadru- Russia 108.91

plets, one to twenty or fifty thousand. Occa- Jews in Prussia 112.

sionally five children come at one birth, and in Breslau 114.

there are instances on record of six or even in Leghorn 120.

seven children being born at once. Christians in Leghorn 104.

The causes of this greater or less fecundity It has been found, on the other hand, that the

are not known: they are in all probability first children of a marriage consist of a greater

various ; being not of an accidental nature, number of females and fewer males, in the pro-

hut connected with the constitution of one portion, according to Burdach, of fifty-tliree

or other of the parents, most frequently per- male births to a hundred females. A similar

haps of the mother. preponderance of females is said to exist among

A healthy woman bearing during the whole illegitimate children ; but the difference is

time, and with the common duration of inter-

val, may have in all from twelve to sixteen chil- * Sec Foiirnier, Diet, des Scicn. Med. torn iv.

dren ; but some have as many as eighteen or ^ t AccordlDg to liurdaeh, one nia.ri»i;e oul of
'

1 I .1 „ t.„„,c »,„ „„„ fifty is uiifruithil ; there is one birtli on an average
twenty; and when there are twins, &c con- f„/„„ ,„,„ty.^^e of the population of a place;
siderably more, as in the following remarkable a„j ,ji;j„g ,i,g '^hoic population of the world at si\

instances. First, eighteen children at six births, hundred and Ihirty-threa millions, about iifiy-ono

Second, forty-four children in all, thirty in the children arc bom every second

!
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miicti less, not amoimling to more tlian four or would apjiear to he tlie case in the human
six in oik; liuiiilred.* species also from the observations of Ilofackcr

MaUbrmiitioiis are said to occur more fre- at Tubingen, and of Saddler on the English

qucnlly among illegitimate than legitimate chil- peerage: the children of a husband consider-

dren ;
' and malformed children are more fre- ably younger than his wife being nearly in the

quently of (he female sex. Tliis, together with proportion of ninety sons to a hundred daugh-

U)e circumstance that illegitimate children are ters; whde Uiose of the husband considerably

oflent-sl first born, may in some degree account older than the mother are m the proportion of

for the greater number of females among them, a hundred and fifty or a hundred and sixty sons

The (lata upon which it has been attempted to a hundred daughters ; the intermediate ages

to found an explanation of the cause of the being found to give a proportionate scale,

formation of a male or female otfspring are very Burdarh slates that those women who are

slender indeed ; nor are we likely ever to ob- most fruitful bear many more boys than girls,

tain knowledge which shall enable us to form a as in the following examples :

—

satisfactory theory regarding the cause of tlie Boyt. Girls.

determination of the sex. Some men beget 1st woman bore 26 6

always male children, others always females, in 2nd ditto, in first marriage 27 3

more than one marriage. Tlie same seems '" second ditto 14

sometimes to depend on the mother. In other 3'*' <^'"o '^ '^

marriages children of one sex are born for a According to Oirou, female domestic animals
time, and subsequently those of the other ; or bear more females when well nourished and
the male and female children may alternate, left in repose than when much worked and on
&c. &c. without our being able to point out any spare diet ; and it has been alleged that the

circumsUmce which has given rise to the pro- sexes of plants are influenced by their nourish-
duction of one or other sex. ment or soil in which they grow ; dioecious

Accordingly many vague opinions have been plants having seeds which propagate more
entertained regarding this subject, as for exam- males in dry ground exposed to the sun, more
pie the following

:

females in moist, well manured, and shady
1

.

That the wishes or ideas of the parents at ground ; monoecious plants bearing more of
the time of conceptions may influence the sex the staminiferous or pistilUferous flowers in cor-

of the ofl'spring. responding circumstances.
2. The nature of the food of the parents, par- Tlie explanation of the cause of this variation

ticularly of the mother during pregnancy. of the sex as well as of the original sexual dif-

3. The use of various medicines : hence the ference, it has already been remarked, is beyond
numerous charms and recipes for begetting the reach of investigation. Very interesting

children of either sex. observations have, however, biought to light

4. The quantity of oxygen absorbed during the difierent steps of the process by which the
development. generative organs of either sex are gradually

5. 1 he manner in which the spermatic artery formed during the development of the fiEtus

;

is given oft' from the aorta, and and a series of facts has thus been established

6. llie older and equally groundless notion of great interest and importance as tending to

that male children come from the right testicle elucidate the nature of those numerous remark-
or ovary, and females from the left ; upon able malformations of the reproductive organs
which hypothesis was founded the celebrated generally compri'liended under the term Iler-

advice ol Hippocrates : " Ubi feroellam gene- maphrodism. We refer the reader to the article

rare volet (paler) coeat, ac dextram testem obli- upon this subject, and to that of Ovum, (or a
get, quantum id tolerare poterit, sed si ma- history of the process now alluded to, and
rem generare appetat, sinister testis obligandus shall not do more tlian merely mention in this

efit.

'

place some of the more important results which
A belief has long prevailed that the greater have been obtained,

the strength of either of the parents in proper- Ist.Itappcars thatin theearlieststaeesoffcetal

tion to the other, the more of its own sex will life, the sexes (or what may become afterwards
be generated. M. Girou de Uuzaraignes has either male or female, that is, all tlie young) are
paid considerable attention to the influence of jierfectly alike in structure,

age, strength, mode of life, &,c. of the parents 2nd. That there exists in all a common ma-
on the sex of the offspring, and has made a trix or rudimentary organ or set of organs,
series of experiments on the domestic animals, which at a later period is converted by deve-
froni which, should they be confirmed, some lopment into the male or female organs,

imixirtant results may be expected. 3rd. That the early type of the sexual organs
According to M. Girou,t male fathers among is to be regarded as common and single, rallier

the domestic animals which are either too old than double, as some have considere<l it.

or too young, produce with mature and healthy In conclusion, we may remark that we must
females more female than male offspring ; while confess ourselves equally unable to fathom the

female parents that are too old or too young in nature of the original bias or determination

proportion to the males bear most males. This given by the parents, in consequence of which

a male or a female child is produced, and to

Fnnre. Prnsiia. Hamburg. ascertain the manner in which any other here-

•lUo^itima,eCluWrcn...KS.- To^l "an*;'^"
diury influence, quality, or confonnation is

Legitimate ditto l(Xi- 106- 105 )
'"" transmitted from the parent to its oHspring.

t Sur la (icnrraiion. At the same time it apjiears not inoprobable
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that the nature of the sex may in some degree

be modified by circumstances affecting the

female at an early period of utero-gestation.

In reference to this subject we ought not to

omit the mention of a fact which is well esta-

blished, viz. that when the cow bears two calves,

one of which is a male, the other, exteriorly re-

sembling the female, has its reproductive organs

internally imperfectly formed, beinc; of that

kind of hermaphrodite formation usually called

the Free Martin.*
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GLAND, Or. ahi; Lat. Glandula; Fr.

G/ande; Gerin. Ih-iisc.

An organ ichose o(licc is to separatefrom the

blood a peculiar suhslanee, almost invarmlili/

fluid ; constantly provided with un excretory

duct ; formed of a process of the mucous mem-
brane or (if' the skin, disposed cither in the form
of a sac or of a rumijicd canal ; which sac or

canal in all cases is closed by a blind extremity

;

and which, although amply supplied with blood,

is never directly continuous with the bloodves-

sels." It is absolutely necessary to give this

definite explanation of the meaning which is

attached to the word gland in the present article,

inasmuch as there is no term in anatomy that

lias been more vaguely, and as it appears to me
more incorrectly employed.

It is not necessary to point out the absurdity

of applying this word to certain parts of the

brain, or to the masses of fat contained in the

joints, which were called by the older anato-

mists glands ; in these instances the fallacy is

immediately apparent; but there are other

errors which, although less striking, are, I con-

ceive, no less injurious in their effects. Thus
in the glandular system many continental au-

thorities include not only the liver, kidneys,

salivary glands, ami other organs, which are

universally acknowledged to belong to this

class ; but likewise the lymphatic glands, the

thyroid, the thymus, the spleen, the supra-

renal capsules, and the ovaries.f It is con-

* The only real exception to this law is the testicle

of fishes, in which no excretory dtict seems to exist.

f Bichal, after condemning the application of

the term to the thyroid, the pineal gland, the

lymphatic glands, &c. states, " we ought only to

call those glands, which pour out by one or several

ducts, a fluid which these bodies separate from the

blood they receive by their vessels." Anat. Gen.
torn. ii. p. 598.

Meckel, on the contrary, objects to the opinion

that an excretory duct is essential to a gland. Ac-
cording to his deflnition the glandular system com-
prises, 1. the mucous glands; 2. the sebaceous
glands ; 3. the liver, the salivary glands, the pan-

creas, the lachrymal glands, the tonsils, testes, the
ovaries, the prostate, Cowper's glands, the kidneys

;

4. the lymphatic glands, the thyroid, the mammary
glands, thymus, spleen, supra-renal capsules.

Man. d'Anat. torn. i. p. 511.

It is surprising that so admirable a physiologist

as Meckel should adopt this opinion.

Professor Mliller has also a classification, whirh
seems to me ol>jectionab!e ; for he has admitted
among the glands the spleen, thyroid, lymphatic
glands, &c. It must not, however, ])e supposed
from this arrangement that this profound anatomist

considers these particular !)odies as real glands.

His classification is as follows. (Handbuch der

Physiol, des Mensthen, Coblenz, 1834, p. 418.)

A, Ganglia sanguineo- vascidosa, the

spleen in the digestive organs—the su-

I

pra-renal capsules in the genital and

I
uro-poictic viscera— the thymus and
thyroid in the respiratory apparatus

—

I glandula choroidalis in the eye— the

placenta in the foetus.

B. G. Ij/mphatico-vasculosa, the lym-
phatic and mesenteric glands.

Liver, salivary glands, testis, &c.
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tended by these writers that the last named
bodies elaliorate from the blood certain fluids,

and that as far as the real function of a gland is

concerned, it matters not whether the secreted

fluid escapes by a proper excretory duct, or is

taken up by the lynij)hatic vessels ; it is, in-

deed, supposed by llaase lliat these bodies,

like the true glands, jwssess excretory ducts,

but this opinion has received little support.

This method of viewing the subject appears
to be very mjudicious ; because it is based on
the assumption that certain organs secrete fluids

from the blood, but of which secretion we have
no evidence ; and further, because organs are

classed together, between which there is no
similarity either of structure or of function.

In establishing a well-founded distinction

between parts which, in their general form and
outward appearance, bear a resemblance to

each other, it is proper to seek for some lead-

ing and obvious character, concerning which
there can be no dispute. In applying this rule

to the present case, we shall find that the spe-
cial distinction of a true gland, as contrasted

with those organs with which it has been assi-

milated, is the pos.session of an excretin-y canal
or duct ; and taking this as the essential cha-
racteristic, there is no diflicully in perceiving

that the glandular system in the human body
ought to be restricted to the following parts :

—

Mucous glands, comprising, a, simple mu-
cous glands or follicles, dispersed over the

whole extent of the various mucous surfaces,

either insulated or collected together, as the

glandulsB I'eyeri sen aggregate, h. Compound
mucous glands, (g. agglutinatae,) formed of the

preceding, collected into masses, and slightly

modified in tlieir structure, comprising the

molar, labial, palatine, and buccal glands, the

lachrymal caruncle, tonsils, Cowper's glands,

prostate, and seminal vesicles, c. Sebaceous
glands, consisting of those of the skin, the

ceruminous glands, tlie Meibomian glands, d.

Conglomerate glands, (g. conglomeratae
;)

these, which are the most complex of the glan-

dular organs, consisting of the salivary glands
and pancreas, the mammary glands, the testicle,

the kidney, and the liver.

Tliese glands may be classed according to

their functions in the economy as follows :

—

I. For lubrication and protection ; a. mu-
cous glands in all mrts of the body ; 6. seba-

ceous glands ; c. lachrymal gland ; d. lachry-

mal caruncle.

II. Connected with digestion; o. salivary

gland ; b. pancreas ; c. liver.

III. Connected with generation; a. testis;

b. prostate ; c. seminal vesicles ; d. Cowper's
glands; e. mammary gland.

IV. For excretion ; a. kidney ; b. liver.

By extending the principle that all glands are in
reality nothing but processes of the mucous mem-
brane ending in cul-de-sac, the lungs have, by
some writers, been included amongst the glandular
organs, the trachea, it is said, performing ihe oiSce

of an excretory duct. It is certain, as we shall
subsequently show, that the lungs present, both in
their formation and functions, a close approxima-
tion to the true glands.

VOL. II.

Th« particular description of the above
organs and the modifications of the general

glandular structure they present, will be found

in the articles Kidney, Lachbyiial appara-
tus. Mamma, &c.

Situation.—The principal glands are placed

in the head and abdomen ; in the extremities,

with the exception of those of the skin, they

are totally absent. In general they are pro-

tected from external injury by being lodged
deeply in the cavities of the body ; but to this

rule there are several important exceptions, as

the mammiE, testes, parotid glands, &c.
Organization.—In the whole range of Ana-

tomy, whether Human or Comparative, there

are probably no organs which, on account of

the complexity of their structure, the number
and variety of forms which they present, and
the importance of their functions in the animal
kingdom, are more interesting than the glands,
or the structure of which, until within a very

recent period, was more imperfectly understood.

Even at the present time the prevailing ideas

respecting the essential characters of the glan-

dular organization are in general so vague and
indefinite, and but too often positively errone-

ous, that I feel myself called upon to enter

more fully into the investigation of this subject,

than would otherwise be necessary. Much of

this uncertainty has arisen from the fact that,

whilst the views of the immortal Malpighi,

founded as they are on truly philosophic

grounds, have never attracted that investigation

to which they are so justly entitled, the theore-

tical opinions of Huysch, being received with
all the eclat inspired by his unrivalled skill in

vascular injections, have been generally adopted.
It is true that, on many minor points, Malpighi
was in error ; and that the vagueness of his

descriptions, and his infelicitous comparison of
the ultimate divisions of the glands with clus-

ters of grapes or acini,* greatly assisted in pre-

venting his opinions being generally admitted
or even comprehended. But ttiose distin-

guished anatomists who have, by their recent

inquiries, at length decided the long-disputed

theories of Malpighi and Ruysch, have proved
that in all essential points the conclusions of
the former great authority are founded in truth.

Minute structure.—The investigation into

the structure of the glands, when conducted in

accordance with the enlightened principles of
philosophical anatomy, shows that the laws

which regulate their formation are simple and
definite ; and tliat, although Nature has dis-

played here, as in all her other works, immense
fertility in modifying the forms and characters

of the several glands, so as to render them effi-

cient to the performance of their varied offices,

yet in no single instance is there a departure

from that structure, which constitutes the type

of the whole glandular system. The unifor-

• This term, so much employed in descriptions

of the glands, yet so indefinite in its acceptation,

has caused such confusion and misconception, that

it is most de^iirable to abolish it from the nomen-
clature of Anatomy. In the descriptive part of the

present article, I shall therefore scrupulously avoid

cmployiug ibis expression.

2 K
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mity which, with the aid of Comparative Ana-
tomy, lias been so satisfactorily demonstrated

in the development of the nervous and osseous

systems, is equally evinced in the glands ; for

whatever diversities may be presented in tlieir

form and appearances—wliatever varieties may
be remarked in the internal disposition of their

component parts, as in contrasting a simple

follicle widi a conglomerate gland, or the tubu-

lar biliferous organs of insects with the apiKi-

rently solid liver of the Mammalia; whether, in

short, tliey appear solid, cellular, or tubular,

every glandular organ is nothing else than a

modiiication of a simple closed sac. This im-

portant truth is distinctly announced by Meckel
in the following passage. " Tlie most simple

mucous glands, which are only simple sacs,

present the type of the glandular formation. If

we picture to ourselves this sac as being pro-

longed and ramified, and interlacing its branches

between those of the bloodvessels, we shall at

length arrive at the most compound gland,

without there ever being a direct communica-
tion between the bloodvessels and the excretory

ducts."* We have here briefly but clearly ex-

pressed the great principle, in obedience to

which the various glands are developed ; but

that which Meckel only figuratively expressed,

has since been realized m all its bearings and
intricate details, by the extensive and laborious

researches of several distinguished anatomists,

and especially by Professor Miiller of Berlin.

As it would be in vain to attempt to demon-
strate the essential characters of tlie glandular

formation, and to prove the uniformity which

pervades the whole system, by selecting, as has

been generally done, the most intricate organs

;

I propose, in the first place, to describe the

most simple form of gland, and, seizing this as

a clue, to trace its gradual development through-

out the whole series of glandular organs, so as

to convey a general, but, it is hoped, compre-

hensive account of this interesting branch of

anatomy.
With this object in view, the simple follicles

of the skin and mucous membrane may be ad-

vantageously selected ; because by tracing the

successive development of these bodies, the

gradual transformation of a simple sac into a

tube, a ramified canal, and even a conglome-

rate gland, may be very distinctly demonstrated.

In fishes, whose aquatic mode of life renders

an abundant defensive secretion necessary, the

cutaneous follicles are more developed than in

other animals, and constitute tubes or canals,

which being carefully examined are found to

end in coecal extremities. A similar formation

is seen in the bulbus glandulosus of most birds,

where the mucous crypts are prolonged into

short tubuli (Jig. 209) ; whilst in the Ostrich

(StnUhio cumdm) the follicles present an ap-

pearance of cells. (Fig. 209, b). In some
Amphibia, Satamandra maculata for example,

the glands of the external integument being

very much developed, it is seen that each of

* Man. d'An. i. p. 515. Beclard has a similar

comparison : " it is true that a gland, like a folli-

cle, consists of a canal closed at the extremity."

A Bat. Gen. p. 424.

Fig. 200.

'i

a. Conglomerate folli-

cular gland , Struthio rhea ;

c. same, Meieagris ; d.

same, Aruer ;• the upper
drawing shows the cylin-

drical follicles in a young
{alcoQ.

those bodies is com-
posed of a small flask-

shajjed pouch of the

skin, which at one ex-

tremity becoming en-

larged into a base,

there terminates in a

blindsac ; whilst at the

other end being con-

tracted, it opens by a
short neck on the ex-

ternal surface. (See

fig. 210.) A micro-

scopical view of the

coecal canals in the

simpler glands is ap-

pended. (See_^.2U.)

Fig. 211.

Flask-shaped cutaneotu The simple sacs and
follicle or gland magni- ,ui,es just described are
Jied—\iO.\

ygjy p^g„ collected toge-

ther, giving rise to aggregate or compound folli-

cles, the arrangement and degree of complexity

of which are very various. In some instances

these sacs unite so as to form a gland with a single

orifice or excretory duct, of which the Meibo-
mian glands of the eye-lids are an example ; or

again, the aggregate follicles may themselves be

joined together with various degrees of compli-

cation, in the form of a cluster, from which

several excretory ducts proceed, as in the cu-

runcula lachrymalis, the labial, buccal, and
other mucous glands of the mouth, the tonsils,

&c. In all these instances there is nothing but

an evolution of the original sac, so that in the

same manner as this is formed from the mucous
membrane or skin, are the tubes and canals

])rolonged from the third pouch, by which oon-

tiivance the surface subservient to secretion is,

within a given space, greatly increased. Tlie

conversion of a sac or tube into a granular mass

is also in this manner rendered very apparent

;

and thus it is easy to understand how a rami-

fied canal may produce the apparently solid

* Home, Lect. on Comp. An. ii. tab. 46.

t Berrcs.
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granules (the so much talkcxi of acini) of the

liver ami oilier coiigloincnilc glands.

Such, tlieii, arc the more simple forms of the

glandular organs; and if we proceed lo those
which are more complex, no dilficully is expe-
rienced in proving, by the aid of comparative
and developmental anatomy, that the structure,

although it becomes more and more developed,
is in chanictcr essentially the same. The
inquiries of the anatomist in this resjiect are
greatly facilitated by the existence of an univer-

Sid law connected with the process of organiza-

tion, in accordance with which it happens that,

whenever any particular gland first apjiears in

the animal ••eries, it presents invariably the

simplest form of the glandular structure, al-

though this same gland may subsequently
attain in the higher classes the most intricate

formation. It is for this reason the salivary

glands are so simple when they first appear in

birds, the pancreas in fishes, and the liver in

insects.

Ample confirmation of this gradual transition

fmm simple to comjxiund, which is in (act

only anotner instance of the great laws which
regulate the formation of the whole animal
creation, is afforded by following any of the
more intricate glands through the several stages

of their development. Thus, if the pancreas
be examined in its rudimentary state, it will be
perceived that, like the mucous follicle, it is

comjiosed either of a fluid sac or of a tube more
or less complicated. In the class Cepltulopudu,

tlie individuals of which are so remarkable by
the complexity of their internal organization,

the pancreas consists either of a simple sac
opening into the intestine near the gizzard, (see

Jig. 219, p. Jig. 220,/, vol. i. p. 533), or of a
spiral canal, (Jig. 221, f, p. 535,) the secerning
surface being increased by a number of laminie.

In most fishes there are numerous fluid ap]>en-

dages placed near the pyloric extremity of the
stomach, ( apjxnilicts pi/lorictr,) which are with
propriety regarded as constituting a rudimen-
tary pancreas, (Jig. 212,) and which, in the in-

I'ig. 212.

Fig. 213.

stance of the Sturgeon and Swordfish are atr-

gregated into a glandular mass.* (See_/^. 46,
vol. i. p. 11.V)

The liver is certainly the most intricate struc-

ture of all the glandular organs when examined
in the higher animals ; and yet, if we descend
to the lower classes, which present, as it were,

a natural analysis of the various parts of the
animal machine, the texture becomes suffici-

ently simple. One of the most simple forms
of this organ is probably furnished in the lum-
bricus terrestris ; at least I have seen in that

animal, in a few instances, a beautiful appear-
ance of ccecal tubuli composing the yellowish
substance which coats the intestine, and which
is thought by some authorities to constitute the
liver. In many insects, Crustacea and other
Articulata, the biliferous organs consist of fluid

sacs proceeding from the stomach or intestine,

and oflen assuming the appearance of tubes,

but always closed at their distal extremities.

In some instances these tubuli are very simple,

(see /g. 37, d, vol. i. p. lit,) but in other
cases they are more complicated, and present a
ramified arrangement; and in this manner the

structure evidently approaches that of the most
compound or conglomerate glands. The liver

of the Lobster presents an excellent illustration

of the coecal tubuli which constitute the secre-

ting structure of so many species of glands.

By cutting out a por-

tion of this on^an, and
slightly unravelling the

tubes by moving the

section in water, the

canals ending in cul-

de-sac are beautifully

seen, and if slightly

magnified, it is found
that they closely re-

semble the pyloric ap-

pendages offishes. Tne

* Holler remarks thai, in ihc Skate and Shark,
the pancreas i.t similar Co that of higher animalb

2 K 2
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adjoining figure
(fis.. 214) conveys a veiy

accurate representation of tliis structure as it

exists in tlie biliary organs of the iistaciis

JluvialUis, the digital tubuli (r) being depicted
as they appear when partly unravelled.

In another of the Crustaceans, /w^'wri/s stria-

tits (Jig. 215), the same kind of structure is

Fig. 215.

observed, constituting a very complex liver.

In the siiidUa tnmitis that organ is so remark-

ably intricate that Cuvier supposed it formed

an exception when compared with the other

g«nera of the Crustacea, which, as we have

seen in tlie instances above, possess biliary

organs comjX)sed of blind tubes, by being lo-

bulated and solid like a conglomerate gland.*

It has, however, been ascertained that the

lobules are excavated in their whole extent,

and communicate by openings with the intes-

tine, which runs through their S|)oni;y mass,

so that the secreting surface is wonderfully

increased in extent.f

That the liver consists of a blirrd pouch,

originating from the intestinal canal and be-

coming more an<l more complicated, is further

shown ill many of the MoUusca, in which the

excretory ducts are so large tliat they appear

like branches of the intestine, and thus present

a structure which is somewhat analogous to

* Le9ons d'An. Comp. t. 4. p. 152. It is proper

to obierve that Cuvier, in thus alluding to a solid

contjlomerate gland, appears to have fallen into

the coiniuon error respecting the nature of the

minute v^ranules, or atiiii as they are railed.

t Miiller de lilaud. Secernent. Struct, p. 70,

$5.

those curious coecal diverticula observed in

certain of the Annelida, well seen in the

(iphrodita iicuteulii, and which are by some
anatomists regarded as forming a rudimentary
liver.

The evolution of the liver in the embryo
affords an additional proof of the disposition

of the secreting surface or membrane in the

interior of the compound glands. In one of

the Gasteropods ( Limiucua stugnuiix) the liver

is first produced as a pellucid sac from the

intestine. In an amphibious animal (biifo

cuinpunisonus) a prolongation in the form of
a sac is seen in the intestinal membrane, which
constitutes the first appearance of the liver; as

the develoijment proceeds, the hepatic duct is

formed, and becoming ramified, ])roduces at

length a number of branching tubes, which
present a granulated form. The evolution of
the liver in the green lizard (laccrta viridis)

is very similar, the organ first appearing under
the form of a hollow sac proceeding from and
communicating with the cavity of the intestine,

and subsequently having branches of ramified

tubes added.*
If from the investigation of these more simple

forms, which might fie multiplied almost ad in-

Jiuitiwi, we proceed to the conglomerate glands
of Mammalia, it will be observed that, al-

though the component jiarts of these highly

organized bodies are so closely packed together

as to present a solid and granular appeiu-ance,

yet by a careful inspection it may be satisfac-

torily determined that the true secreting struc-

ture consists of tubuli with ccecal ends. For
this purpose the testicle may be advantageously
selected : if this organ without any previous

injection be divided, the section at first sight

seems to consist of a great number of small
roundish bodies or granules; but if, as occa-
sionally hap|)ens, the tubes are distended with
semen at the time of death, by a more cautious

examination it is immediately apparent that

these little bodies are composed of a very fine

tube coiled up or convoluted. By injecting

the tubuli seminiferi with mercury, the formation
of the little grains is rendered more evident;

but the most successful mode of displaying
the whole internal formation of the testis is by
filling the tubuli with a coloured size iiijec-

tion.f

It was remarked by FerreinJ that the kid-

ney is a tubular organ, and the extensive re-

searches of Miiller as well as those of Huschke
have proved that the secreting or cortical part
is made up of an immense number of serpen-

tine tubes of an equal diameter throughout,
ending in blind sacs, and becoming continuous
with the straightcanals placed in the cones of the
organ. This structure is seen in_^g.216, where a
magnified view of the cortical ducts of Ferrein,

the secerning a])paratus, and the straight excre-

tory tubes is given as the parts exist in the

sciurus. This structure offers a close resem-
blance to tlie tubuliform liver of some insects.

• Miiller I.e. tab. x. fig. 13.

t Sir A. Cooper on Testicle.

} Mem. de I'Acad. Koy. des Sc. 1749, p. 489.
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(Sc« tlia biliary org;an3 of
Meloloutlia Vulgaris, fig. 38,
vol. i. p. 111.)

In tlie liver of Mammalia
and Man, both in the embryo
and after birth, it is much
more difficult to demonstrate
the ultimate tubes with their

Cffical extremities; indeed the
existence of such canals is ra-

ther deduced from the ana-
loify of the liver in the lovper

animals than from actual ol>-

servation. Miiller states that

the blind free extremities of
the biliary ducts are visible

on the surface of the liver

with the microscope in the
embryo of Mammalia; but
that owing to their compact
arrangement they are le.ss dis-

tinct than in birds, so that

their internal coimexions can-
not be (lerceived.* In a few
Mammalia, however, as the
squirrel, (sciunis vulgaris,) he
oliserved with the microscope
the blind cylindrical extremi-
ties of the biliary ducts on
the surface of the liver, pre-
senting a branching and foliaceous appearance.
(i'ig- 217.) The exact mode of termination of

Fill. 217.

Fig. 216.

the biliary tubuli was still more distinctly seen
in a portion of liver considerably magnified,
taken from an embryo of the quail, ( Tetrao
i-oCurni.r,) about one inch long (Jig. 218J.

From tlie pubhshed
Pig. 218.

mpM

account of Mr.
Kienian's valuable

observations on the

minute structure of
the liver, it does
not apjiear that the

actual terminations

of the biliary tubes

• I'.c. p. 80, ^21,22.

in blind extremities were perceived, although
that such is their disposition is rendered very
probable from what was seen with the mi-
croscope, and especially because it was found

that much greater difficulty was experi-
enced in injecting these tubes than the
bloodvessels, on account, as it was sur-
mised, of the bile contained within them
having no exit.*

Lastly, in tracing the minute texture
of these complex glands of the Mam-
malia, it is necessary to call the attention
of the reader to a circumstance which of
all others has been the most fertile source
of error, so much so indeed as to have
misled the great majority of anatomists.
It is this : in many glands small rounded
or berry-shaped corpuscles seem to be
appended to the commencement of the
secreting tubes, so that a deceptive ap-
pearance is produced, as if cells or little

bags were placed between the terminal
bloodvessels and the small excretory
ducts. This appearance of cells or even

^ of solid rounded corpuscles is depen-
dent on two causes: in some glands the se-

creting canals are so coiled up that, as is seen
in the human testis, when a section is made in

the uninjected state an apjKirently granular tex-

ture is presented, f^g. 219;) but a second
influential circumstiince is tliat in many in-

stances each of the secreting tubes swells out
at its ccBcal end into a slightly enlarged cul-

de-sac (pedunculated tubes), so that when they
are viewed in an asigregate form, the semblance
of roundish-shaped granules is seen, (fig.
220.) As these and all other varieties which
are presented in the glandular formation are

• Phil. Trans. 18.33, p. 741.
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canals variously disposed and arranged
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considered in the It is, however, very remarkable that whilst

several articles those glands which arise from the alimentary

on the individual canal present an immense variety in the ar-

glands, it is only rangement of their secreting texture, the essen-

necessaiy to sUite tial glands of the genito-urinary apparatus, the

in this place that kidney and the testicle, have a most uniform

what are called structure, consisting of serpentine tubes of the

indifferently lo- same diameter throughout their whole extent.

tmles, glandti/ur The details into which I have thought it re-

gniivj!, vesicles, quisite to enter prove that the true secreting

acini, &c. are in structure consists in every gland of nothing

every instance else than a vascular membrane, on the surface

composed simply of which the glandular fluid is poured out; and
of the secreting consequently that in those complex organs, as

the liver or kidney, in which the vascular se-

FiV. 220.

%
Perif)heral ramijication of the parotid diirt, with s<yme of the vesiatjar termination^^

mtigmfied ^ 1 10.*

creting membrane is, for the sake of conveni-

ence, disposed in the form of extensively rami-

fied tubes, it is most imporumt to recollect that

the glandular fluid is poured not only into the

coecal extremity or commencement of each

tube, as is the commonly received opinion, but

along the whole extent of the tube. For the

establishment of this fact, certainly the most
im]X)rtant in the history of the glands, we are

principally indebted to Professor Miiller.

Excrel.ory duct.—Although the essential seat

of the glandular function is now ascertained,

some difficulty exists in determining the actual

extent of the secreting surface in the various

organs ; or in other words, at what precise

point the mucous canals ceasing to secrete,

become mere excretory passages.f An attempt

to decide this point is, however, necessary,

because until this time the majority of anato-

• Bcrres, 1. c. pt. 5, tab. ix. fig. 2.

t I allude here of course to the peculiar secre-

tions, as the btio, urine, milk, &c. and not to the

secretion of mucus, which we know is poured out

along the whole extent of the excretory ducts.

mists have signified by the term excretory duct,

not only the canals which simply bear away
the secreted fluid, but likewise those tubes

which constitute the true secreting apparatus,

and which, it is evident, are at the same time

both secreting and excreting canals, as they not

only secrete, but likewise carry to the larger

and non-secreting ducts the fluids poured out

by their parietes.

In the simple sacculi or follicles, it is evi-

dent that the secreting structure is co-equal

with the extent of the bag itself, so that the

little orifice Ijecomes the excretory duct; in the

tonsils, prostate, &c. there are several such

orifices or ducts. But at what point does

secretion cease in the compound glands ? Mr.
Kiernan states,* that in the liver the secreting

portion of the organ is confined to what he
calls the lobular biliary plexuses, or to those

tubes which are placed within the lobules; so

that here the excretory apparatus is very com-
plex, consisting of the interlobular lubes, those

» Phil. Trans. 1833, p. 741.
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of Glisson'n capsules, and, lastly, of thos«

which quit the organ. The limitatiun thus

established, and which I liave no doubt is

strictly correct, may be applied to all lliose

glands, such as the salivary, mammary onjaiis,

&c., which, like the liver, possess distinct

lobules. In the kidney the true secreting

structure is probably restricted to the serpen-

tine tulies coiitnined in the cortical texture,

(canults cortiailes, or ducts of Ferrein,) the

straight canals (tub. BellinUmi) constituting

the cones, which bodies, in a minute injection

of the bloodvessels, are nearly colourless,

being merely for excretion.* The testis, witli

its appen<lix the epididymis, presents an in-

tricate amuigement ; it is probable, however,
that the principal secreting part consists of the

seminal lul)cs which form the lobules, and that

the vasa recta and efferentia are merely ex-

cretory in their office; in the upper yait of the

cj)ididymis a second secreting structure is met
with, constituting the coni vasculosi, whilst

the lower jKirt containing the convolutions of
the ViLs deferens is of the excretory character.

it is proper to observe tliat the process of
secretion is incessantly going on ; but with the

exceptions of the mucous, sebaceous, and a
few other glands, the fluids produced are

destined to be poured out only at stated in-

tervals ; it is, therefore, evident that some con-
trivance is required, by which the several secre-

tions may be retained, till the moment arrives

when it is necessary they should be dischai'ged.

The liver may be selected to illustrate this

principle : one of the most essential functions

of that organ being the decarbonization of
venous blood, its constant action is no less

indispen.sable, indeed considering the whole
animal series, is even more indispensable than
that of the lungs themselves; and yet the pro-

duct of that action, t})e bile, is only designed
to be poured into the duodenum during the

process of digestion. In order to obviate the

irritation of the bowels that would result from
the incessant discharge of the bile, and at the

same time to economise that Huid, the gall-

bladder is provided, which, receiving the se-

creted fluid in the intervals of digestion, fulfils

all the conditions required. The absence of
the gall-bladder in several classes of aiiiinuls

can scarcely be admitted as being incom|)atilile

with this explanation ; for the majority of

these instances of deficiency occur in non-
ruminant vegetable feeders, in several genera
of the I'achyderinata and Uodentia for example,
in which it is evident that as the process of
digestion must occupy a considerable period,

a prolonged flow of bile is requisite, and a
special reservoir is less necessary ; in addition to

wliich it is known that in some of these coses,

as in the horse and elephant, tlie priiici|>al

trunk of the biliary ducts is very large, and
may in some degree supply tlie place of a gall-

bladder.*

The urinary bladder is a provision rather

of convenience than of necessity, enabling thii

animals tliat |)ossess it to retain the urine as it

flows from the ureters, until a considerable

accumulation takes place. These are the only

instances in the human body of a distinct re-

servoir being provided ;t but every gland, by
retaining its secretion in the excretory ducts,

has a |>ower of emitting the fluid, under certain

circumstances, in larger quantities than usual,

as in the case of the salivary and lachrymal

ghtnds; a similar accumulation must take place

in the seminal tubes and prostatic ducts, and
es|)ecially in the lactiferous tubes and their

terminal sinuses. In animals the examples of

distinct reservoirs are too numerous to be her«

enumerated.

Structure of the tecretivg canaU and escrt-

tory duets.— it is now certain that all tl«e»e

tubes are com)X)sed essentially of a prolonga-

tion of the mucous membrane. The former,

according to Miiller, consist only of a single

co;it, but it must be presumed that they pos-

sess in addition a tunic, having, independently

of elasticity, a power of contraction by which
their contents are propelled often in a direction

opposed to gravity, and in obedience to the

application of a mechanical stimulus to the

surface on which the ducts terminate. In th*

excretory ducts the internal membrane is sur-

rounded by a fibrous structure, which is very

apparent in some of the larger canals, and
probably exists in all. Tlie fibres of this coat

are of a greyish white or brownish colour, and
are often so fine and compact that they are

distinguished with great difficulty. The real

character of this structure is not known ; in

apjieardnce there is little or no resemblance to

proper muscle; the action, however, of the

excretory canal seems to require a contractile

power; and Meckel states that he has ciis-

tinctly perceived circular fibres in the vas

deferens, which tube is said to be distinctly

muscular in the bull.

BluodvesseU.—If it be recollected that the

arteries carry to the glands the materials of

their various secretions, and if llie large quan-

tity of fluid formed by those viscera be called

to mind, we shall not be surprised to find thai

with a few exceptions, such as the lungs and

the brain, there are no organs so abundantly

supplied with arterial blood. This supply is

in proportion to the activity of secretion, rather

than to the size of the gland ; thus the kidneys,

• It is stated by Miiller that all his researches
induce him to conclude that the serpentine tubtili

of the cortical part constitute the true secreting
texture-, an opinion which is corroborated by a
very curious preparation contained in the museum
of the Webb-Street School of Anatomy, in which
a sac lias been formed on ihe outer suriace of tbe
kidney, containing a number of small calculi, and
having no connexion whatever either with the
straight tubes or with tli« iufuadibula.

" Carus, Traiti Elem. d'An. Comp. ii. p. 265).

It may be proper to state that the Otter, according

to Daubenton, possesses the above dilatation of tho

duct in conjunction with a gall-bladder.

t Some anatomists conceive that the vesicmla

scminalcs are merely receptacles of the semen

;

but this opinion has been to a great extent aban-

doned in England since the observations of Hunter.

See the works of Hunter, «dit. by Falioer, vol. i»-

p. 20. Note, p. 2(5.
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furnishing about four pints of urine daily,

receive, in proportion to llieir bulk, more blood

than the pancreas, where the secerning process

is less active. Tliat tins is the principle which

regulates the supply of blood is also evidenced

in the vessels of the mamma:, which receive a

more ample supply of blood during lactation

than at other periods.

The sanguiferous vessels, like the secreting

canals, present many varieties in their dis-

position in the several glands, the varieties of

form in each class being, however, definite in

their character, and doubtless having a re-

ference to the difl'erent kinds of fluids which

are required to be separated from the circu-

lating blood. Those organs which are pro-

vided with a distinct envelope, as tlie testicle,

the kidney, and liver, usually possess but one

artery, which enters at the same fissure as the

excretory canal ; other glands, presenting a more
distinctly lobulated texture and having no

proper capsule, the tonsil, pancreas, and mam-
ma for instance, receive an indefinite number
of arteries, which enter irregularly on all parts

of the surface ; lastly, in the most simple form,

as the mucous crypts, the secreting vessels con-

stitute a delicate plexus on the surface of the

little bag.

In all those instances where the gland is

large enough to receive one or more arterial

trunks, it is found that the vessel htiving

entered begins to divide into smaller branches,

which penetrate between the masses of the

gland, and these becoming smaller and smaller

at length furnish an intricate plexus, the

branches of which, as in the case of the simple

bag or follicle, ramify on the surface of the

blind secreting canals.

It is only necessary to observe with respect

to the veins, that when compared with their

arteries, they are smaller than elsewhere ; and
also that in common with the veins of the

splanchnic cavities, they are devoid of valves,

so that in the kidney, liver, &c. they may be

beautifully displayed by the aid of a suc-

cessful injection, even to their ultimate rami-

fications.

Arrangement of the minute bloodvessels.—
In considering the intimate texture of the

glands, it is essential to state the maimer in

which the last divisions of the sanguiferous

vessels are disposed. By the aid of minute

injection these vessels may be demonstrated,

though with difficulty, as far as their termina-

tion ; and they may also be observed in a few

instances during life and whilst carrying on the

circulation.

An opinion to which we shall subsequently

recur has been entertained by many anatomists,

that the little arteries are either directly con-

tinuous with the excretory ducts, or, as we
should rather call them, the secreting canals, or,

at all events, that some kind of direct commu-
nication exists between the terminal arteries

and the secreting canals. The most cautious

and apparently successful researches, however,

do not corroborate this opinion, but, on the

contrary, show that no direct communication

of any kind exists. In the lung^, which organs

are formed and developed in exact accordance

with the glandular structure, the ultimate divi-

sions of the pulmonary artery, after freely

ramifying over the surface of the air-cells, are

known to terminate by direct continuity in the

radicles of the pulmonary veins. Now, that

which is demonstrated in the lungs equally

applies in the case of the glands. In the

simple lacunae of the mucous membrane tlie

arteries are disposed over the surface of the

pouch, but they end in the returning veins

without opening on the secreting surface.

Miiller states that on examining with a suffi-

cient power the larva of the triton palustris,

he observed streams of blood, traversed by

single globules, running between the elongated

secreting canals of the liver, and, further, that

the last arteries pass immediately by a reticu-

late anastomosis into the small hepatic veins.

This disposition is seen in the adjoining figure,

which represents the circuit of the blood in the

larva of the triton fifteen lines in length.

Fig. 221.

«> vena cava ; b^ vena portdriiiii
j

ifnls of blood in the gall-bladder. ^
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Miiller expressly says, that in no organ are the

J'ree extremities of the bluotlvessels Men, hut

that the arteriet alivays pass hy a retiriilute

annstomosii into the vciiit ; that the blood cir-

culates between the secreting canals of the

liter, and at lenii;th on their surface, so as, as it

were, to soak their coats with blood, but it does

not [KISS into the canals themscMves ; or, in

other words, that the sanguiferous vessels are

not continuous with tlic biliary tubes.*

The important invcstigJitions of Kienian

respecting the minute anatomy of the liver,

have shewn that the vena porlse having divided

so as to constitute an intricate plexus in each
lobule of the organ, and having ramitied on
the secreting canals, terminates in the hepatic

vein.f In the section on the development
furtlier evidence is furnished in corroboration

of these observations.

In all these instances, then, it is proved that

there is no continuity between tlie arteries and
tlie secreting tubes; and as the smallest secreting

canals are always considerably larger than the

smallest bloodvessels, the proportion varying

in ditTerent glands, it may be assumed that in

the whole glandular system, the arteries, having

divided to a great degree of minuteness, and
having ramitied freely on the surface of the

secreting canals, terminate directly in the re-

turning veins.

Although in former times such a disposition

of the bloodvessels as that now described

would have been regarded as incompatible

with the process of secretion, yet since the

interesting researches of Dutrochet on Endos-
inose and Exosmose,J there is no difficulty in

understanding that fluids may readily pass

from the interior of the arteries into the se-

creting canals without there being any direct

connnunicatiun between these two orders of

tubes. Not only may this passage take place,

but even it is rendered probable by the experi-

ments of Magendie§ that the bibulous matter

constituting the glandular texture, and present-

ing, as we have found, so many varieties in its

physical characters, may separate Huids, varying,

accordmg to tlie gland employed, from the

diversified substances mechanically mixed toge-

ther and sus{)ended in the blood.

Li/mphatic vesseif.—Notwithstanding these

arc readily traced in the larger glands, their

di8[X>sition, and especially their origin, are not

known ; a connexion, however, has been rather

generally admitted in certain glands between

• Dc Gland. Struct., p. 74, § 12. Phys. de»

kMenschen, I Band, p. 441.

t Phil. Tran. 1833, p. 745. Mr. Kicman infers

that tlic hepatic artery terminates, not as is usually

supposed in the vena hepatica, hut in the vena
port;c. Miiller, however, thinks it is not probable
that this is the true disposition, because the prepa-
rations of Ijciberkuhn show that the capillary

branches of the vena: hepaticx can be as readily
injected from the hepatic artery as from the hepatic
vein. "Notwithstanding these objections, analogy
would induce us to suppose that Mr. Kieroan is

correct in his supposition.

t Nouv. Recher. sur I'Endos. et I'Exosmose,

$ Lect. on the Physical Conditioos of the Tissues,
Lancet. 1834-35.

their ducts and the lymphatics. In one instance

Cruikshank tilled the absorbents of the mamma
from the lactiferous ducts ; and both Walter
and Kiernan contend that the absorbents of the

liver may be injected from the biliary ducts.

Miiller, on the contrary, denies this commu-
nication, and states that the lymphatics are

much larger tlian the smallest secreting tanals.

He also contends as to the results of injections,

that the arguments drawn from them have no
greater weight than all others derived from the

fortuitous pass^e by rupture of fluids from
one into a different order of vessels.

Nervei.— In proportion to their size the

glands, like the other organs of the vegetative

functions, receive very small nerves, which are,

with some few exceptions, derived from the

system of the great sympathetic. Hie nervous

fibrils surround and accompany the branches
of the arteries, till, in the interior of the gland,

they become so minute that it appears impossi-

ble to detect tlieir exact termination. Miiller

states that they never separate from the blood-

vessels, and, consequently, that they do not

supply the proper glandular substance. But in

such a case as this the evidence afforded by
microscopical inspection alone should be re-

ceived with great reserve, especially when it is

recollected that in opposition to the doubtful

information thus acquired must be placed the

unquestioned fact that the mind is capable of
influencing the contraction of the secreting and
excreting tubes, as is instanced in the flow of
the saliva, of the tears, and of the semen under
certain mental impulses. But perhaps a still

more striking illustration of the control of the

nervous system is afforded by the discharge of
several glandular fluids resulting from impres-

sions acting on comparatively remote but
associated surfaces—the pouring forth of the

saliva for example, in consequence of the con-
tact of various substances with the tongue ; of
the bile and pancreatic juice from the applica-

tion of food to the surface of the duodenum ;

of the semen from the stimulation of the glans

penis. In all tliese and similar instances it

must be presumed from analogy that the effect

of the physical impression is conveyed through
tlie only known media of conduction, the

nerves.* The facts here adduced respecting

the influence of tlie nerves merely relate to the

contraction of the secreting and excreting

canals ; how far the nervous energy is essential

to the process of glandular secretion itself be-

longs to anotlier division of the subject. (See

Secretion.)

Interstitial cellular tissue.—A considerable

portion of every gland is made up of the con-

necting cellular membrane, which, as in all other

organs, enters the interior, where it filb up all

the minute fissures and angles that intervene

between the tubes and lobules, and at length,

penetrating between the most minute of the

secreting canals, it constitutes- a nidus for the

lodgement of the constituent parts.

The investing membrane is in many instances

* I have in another place entered more fully

upon this question : t)bs. on the Struct, aad Fuact.

of the Spinal Cord, p. 136, et scq.
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simply formed by the condensation of the con-
necting celluliir tissue, but in the hirger glands
a proper fibrous capsule is provided, which
adheres more or less intimately to the proper

glandular texture.

General conclusions respecting the minute
structure of glands.

t. That throughout the whole range of the

animal kingdom and in every si)ecies of gland
there is one uniform type, from which the

ghindular formation in no instance deviates.

2. That every gland consists of a membrane
derived either from tlie skin or mucous mem-
brane.

3. That this membrane is disposed either in

the form of a pouch or of a tube more or less

ramified, and terminates in every instance, with-
out an exception, in a blind extremity.

4. That the secreting canals are most diversi-

fied in form, being simply sacculated, branch-

ing, pennitifid, nail-shaped, or enlarged at the

commencement, cellular, berry-shaped, serpen-
tine.

5. That granules or acini in the hypothetical

sense of writers do not in reality exist.

6. That whatever may be the variety of form
it is always subordinate to the grand principle

which the whole glandular system displays,—
namely, that the largest jx)ssible extent of
secreting surface is contained in the smallest

possible space.

7. That there is no immediate connexion or
continuity between the secreting canals and the

sanguiferous vessels.

llypulheses respecting the minute structure

of glands.—I was desirous in the first part

of this article to convey to the reader a com-
prehensive view of the glandular structure,

unincumbered by any reference to the opinions

of anatomists on this subject; but the hy-
potheses of Malpighi and Huysch have so

long divided the world of science, that it is

necessary to ascertain how fer the doctrines

advocated by those celebrated men are in

accordance with the above-stated conclusions.

In doing this, however, much difficulty is

experienced, esiiecially in considering the

opinions of Malpighi, inasmuch as his com-
parisons of tlie minute structure of the liver,

of which organ he principally treated, are very

vague and obscure, and l>eiiig for the most part

unaccompanied by illustrative plates, it is

almost impossible in many of his descriptions

to detect the meaning he wishes to convey.

But, notwithstanding these obstacles, it is

evident, on studying his account of the liver

and kidney, that justice has not been done
to his researches; for he not only corrected

many of the then prevailing errors, but also

ascertained several important points connected

with this interesting branch of anatomy.

Malpighi compaies the minute lobules of

the liver and other conglomerate glands to

a bunch of grapes, these lobules being joined

to the neighbouring lobules by intermediate

vessels. His words are, '• for as an entire

bunch of grapes is formed of small bunches
by a communion and tying together of vessels,

which small bunches are themselves formed

into a mass by apjiended grapes (acini); so

the whole liver is formed by lobules many
times folded, and which are themselves formed
of glandular globules."* It is thus observed
that Malpighi describes in the liver larger and
smaller lobules ; and it is to these latter that

the celebrated but vague term of acini appears

to be more (Kirticularly applied. He observes

that the lobules are of various forms in different

animals ; in fishes having the shape of a
trefoil, in the cat six-sided. Sec. The inter-

lobular spaces are noticed as being distinct

in fishes, but as obscure in the more perfect

animals.

With respect to the intimate structure of

the small lobules, or acini, Malpighi conceived

that each of them consisted of a hollow vesicle,

receiving the secreted fluid from the small

arteries and conveying it into one of the roots

or blanches of the hepatic duct ; or, in other

words, that the structure of the acinus was
the same as that of the simple mucous follicle.

Owing, however, to the imperfect means then

possessed of prosecuting such inquiries, it is

certain that Malpighi did not detect the ultimate

structure ; for more exact observations have

proved that the last divisions of the secreting

canals, although they constantly terminate in

ccEcal extremities, do notalways end in follicles,

but that they may consist of serpentine tubes,

as in the kidney, or of pennatifid canals, &c.
It also has been determined that what he
regarded as the last divisions of the ducts, or

acini, are themselves composed of smaller

cimals. But his observations on the develope-

ment of the liver in the chick shew that he
was acquainted with the essential facts con-
nected with the structure of that organ, and
with the mode of its formation ; for among
other interesting remarks, he says that on the

seventh day of incubation the liver of a yellow-

ish or ashen colour presents granules of rather

an oblong form, and " as it were blind jiouches,

ap|>ended to the hepatic duct."t
This hypothesis, founded as it is on so

large a body of evidence, was generally re-

ceived ; but the discovery of the art of minute
injection, which seemed to afford ocular de-

monstration of the fallacy of Malpighi's theory,

induced the majority of anatomists to adopt
the ideas rather pompously announced by
Huysch. This celebrated anatomist, rejecting

the hypothesis of Malpighi, contended J that

he had proved, by injection, that the arteries

are directly continuous with the excretory

ducts; or that the little ducts proceed from
the minute arteries, like lesser from larger

branches ; and that each acinus consists prin-

cipally of bloodvessels, but contains also an
excretory duct.§

In considering the merits of these two hy-
potheses, it becomes apparent that Huysch
supported his opinion by evidence of a most
insufficient character; for in investigating the

* T)e Viscer. Struct, cap. iii. p. 18.

t De Format. I'lilli in Ovo, p. 20.

X Opuscul. Anat. de Fabric. Gland. Opera
omnia, 1. iii,

§ Loc. cit, p. 56, Jig. 2,
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most complicated glands he relied lolcly uii

bis vascular injectiuiis, to tlie exclusion of tlie

evidence afforded by the much more satisfactory

researches of comparative and developmental
anatomy. If, as Professor Miiller has ob-

served, Ruysch had carefully examined his

injected organs with the microscope, he would
have found that between the most delicate

plexuses of the bloodvessels there is always
an additional substance destitute of vessels

;

although these organs, when seen by tlie naked
ej^e, appear to be stained in every direction

with the coloured injection.* Hut even ad-

mitting what frequently happens from a too

forcible injection, that the matter thrown into

the arteries is found in the ducts, this docs
not prove that the small bloodvessels are con-
tinuous with the excretory canals ; for after

the sanguiferous vessels are filled, they easily

become ruptured, and so allow their contents

to escape into the ducts. It may further be
objected, that in all the glandular organs which
have been carefully ins|)ected the commence-
ments of the excretory ducts are larger than

the least arteries ;t indeed, Huysch's own
account of this imaginary continuity is very

v;igue, and the plates designed to illustnite

his theory, especially that of the kidney, are

any thing but salislactory. As Kuyscli did
not employ the microscope, it is impossible

he a)uld have weii that continuity which he
$0 confidently described; indeed, as llaller

remark»,J it is difficult, or rather as we should
say impossible, to demonstrate, witli the aid

of the most powerful lens, the connexion of
the last aneries with the coats of the ducts.

Not only did Huysch adopt a most in-

sufficient mode in prosecuting his inquiries,

but he assumed as a fact what was in reality

a men? hypothesis, that secretion can only take

place fi-om the open mouths or orifices of the

secerning arteries. The only point, therefore,

which he discussed was, whetlier the passa'^e

of the arteries into the excretory ducts takes

place gradually and insensibly, or suddenly
and by the intervention of a follicle; for it

never occurred to the anatomists of those times,

or even to Haller and his contemporaries, that

canals closed at their end by cul-de-sac, and
without open arterial mouths, could secrete.

§

• Loc. cit. p. 8. $ 4.

T Diameter of »»creting eawU,
Line

Parotid gland . . . 0()OP9 (Wil.cr).
Kidney .... 0-()l66 (Meckel).
Ditlo 0-()180 ( Weber).
Tcslis .... Oft'iW (Miiller).
Ditto 0I«4« (l.amh).
liiver (in r.ibliiis) . . 0140 (Miiller).

Diameter of caftiUarif hhtodt^eMeU.

l.inf J.ine

Parotid . . (KBO to 0-(K«9 (Wohor).
Kidney . . 00044 to O00ti(» (MUllor).
TestU . . . 00030 to 00035 (Weber).

Burdach Physiol. Fiinftcr Band. p. 38. For
mcasunmenu in other elandA, see Miiller Dc
Gland. Struct, p. 112; Valentin Handb. dcr En-
twickelun^-geschichte, p. 535 et seq.

} El. Phy. t. ii. p. 3/8.

i The existence of open inoulhs in the arteries
of the Krous membranes, whera ihey are generally

Uut th« true opinions of Malpighi did not

refer to the exact mtxle of termination |)os-

sessed by the arteries; nor did he imagine
that any ))articular machine or follicle was
interposed between the arteries and tlie ducts :

his observations were rather directed to the

more iin|x>rtant circumstances relative to the

disposition, formation, and extent of the true

secreting canals.

In concluding these remarks on the hypo-
thesis of Malpighi, it is due to the cliaracter

of that illustnous cultivator of anatomical sci-

ence to state that his views are highly phi-

losophic, and in a general manner correct

—

that they are supported by numerous obser-

vations made on the glands of the lower ani-

mals, as well as on the development of the

liver during incubation—and that he had thus

the sagacity to adopt the mode, which expe-
rience has shown is alone capable of resolvini;

tliis difficult question.

It would be superfluous to enter into a de-
tailed account of the opinions advan<;e<i by
later anatomists, as they are for the most |iart

simply modifications of the hypothesis either

of Alalpighi or of Ruysch. A few general

observations will therefore suffice.

Ferrein has the merit of being the first wri-

ter who pointed out in a more distinct manner
than had been done by Malpighi, the great

importance of what are erroneously called the

excretory ducts, but wjiich constitute, as we
have already shown, the true secerning struc-

ture. He remarks* that the cortical part of the

kidney is composed of a collection of white
cylindrical tubes, variotisly folded on them-
selves (canaUt corlictiUs, or ducts of Ferrein,)

and he thoucht he had seen the same tubes in

the liver. Tlie serpentine cortical canals have
been seen in birds by Galvani, to be filled witli

cretaceous urine after the ligature of the ureter.

Although the researches of Ferrein are very

important, yet they want that support from
comparative anatomy, by which means alone
they could have been made subservient to esta-

blish any general principles.

To Rolando beloncs the honour of having
demonstrated the mode in which the glands
are developed ftt)m the alimentary canal. By
carefully conducted observations on the in-

cubated egg, he discovered that each of these

organs in the first instance consists of an ele-

vation or tubercle of the intestine, which sub-

sequently becomes hollowed and forms a ainal

directly continuous with that of the intestine.

He also distinctly announced what has since

been demonstrated in all its details, that the

lungs are formed, like the glands, by a pushing

out of the upper end of the intestinal tube

;

and he further describes the mode in which
the bronchi and their subdivisions are deve-

loped. Tlie error of those writers who contend

called exhalasiti, has never been proved ; on the
contrary, on examining. «ith a powerful micro-
scope, the'circulation of the peritoneum in rabbita,

1 have repeatedly observed that the small arteries,

afier ramifying in a very complicated manner,
become distinctly continuous with the little veins.

' Mem. de rAcad. Hoy. de« Sc. 1749, p. 4tf2.
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with Ruysch tliat the bloodvessels and the

secreting canals are continuous with each other,

is clearly shown ; in short, Rolando was the

first modern anatomist, who, following in the

footsteps of Malpighi, pointed out the manner
in which the inquiry ought to be prosecuted,

and thus laid the foundation of those laborious

and interesting researches for which science is

principally indebted to the German anatomists,

and by which, within the last few years, the

subject of the glandular organization has been

so strikingly elucidated.*

Development.—The investigations of Har-
vey, Malpighi, Rolando, Weber, Meckel, Bar,

Valentin, llathke, Miiller, and many other

anatomists, have very satisfactorily determined

the manner in which the glands are in general

developed. It is, however, necessary to pre-

mise tliat these observations principally relate

Id those glandulur organs which are appended

to the alimentary canal, especially the salivary

glands, the pancreas, and liver ; for as regards

the development of those glands that are

subordinate to the secretion of urine and to

generation, comprising essentially the kidney

and the testis, much uncertainty still prevails,

although it is rather generally believed that the

corpora Wolftiana, or false kidneys, are in some
way or other connected with their primary for-

mation.f

From the researches that have been made
with so much care, we learn that, although

there are many modifications of the formative

process in the different classes of the glandular

organs, there are yet certain fixed laws in

obedience to which they are produced. As the

development of the individual glands is, how-
ever, considered in the several articles on those

organs, it is only requisite to describe in this

place in a general manner, and without no-

ticmg the modifications of the general rule,

the process of formation. In prosecuting this

inquiry two different objects present themselves

for examination,—the primitive substance in

which the gland is developed, and the internal

component parts, consisting essentially of the

secreting tubuli and the bloodvessels.

1

.

Every gland is formed from a portion of

the primary plastic and amorphous mass

( blastoderma) of wliich the body of the embryo
consists.

2. This mass is at first gelatinous, extremely

delicate and diaphanous ; it subsequently be-

• Joum. Camp, des Sc. Med. xvi, p. 54, p. 57.

P. 03. The honour of discovering the mode in

which the glands appended to tlie alimentary pas-

sage are formed by pughinga-out of that tube has

been by Burdach improperly attributed to Rathke.

t It would be inconsistent with the perfection

of the formative process to conceive that either the

kidney or the testis requires the aid of any other

glandular organ for their development ; besides

which it may be mentioned that there is no actual

connexion between the above glands and the corpora

WolflSana. Rathke observes. " Although they

(corpora Wolffiana) are not organically connected

with the kidneys and genital organs, they appear

to be, in an early period of the life of the embryo,

the precursor or representative of the kidney."

Burdach, 11. Band. p. &4(j.

comes thicker and less transparent. In the

beginning it is solid, and in the case of those

glands which are appended to the alimentary

canal,—that is to say, the salivary glands, the

liver, and the pancreas, (and the same laws

are observed in the formation of the lungs,*)

it appears as a projection on the raucous mem-
brane. (Fig. 222, A.)

Fig. 222.

A

a 6

B
.7^

-

L.

a I

C

a 6

A pUm tlenlgned to show itie first oriijin of the glands,

a, bf alimentary canal
; g, gland. (The letters

have the same signitication in A, 13, C, D.)

3. In a short time this rounded mass begins

to project on its external surface, and thus

forms a number of lobes, or, as it were, little

islands, which, by the continuation of the same
process, become more and more numerous and
smaller in size; and thus, according to the cha-

racter of the gland examined, are at length

formed all the minute lobes of which it con-

sists. (Fig. 122, B.)

4. Simultaneously with this development of

the outer surface of the plastic mass, but quite

independently of it, a metamorphosis is going

on within, by which the internal canals, which

subsequently become the secreting tubes, are

formed. In the first instance a hollow or

cavity is noticed communicating with the tube

of the intestine, and which subsequently be-

comes the principal or excretory duct. When
it first appears it is a simple sac, (Jig. 222, C,)

but in proportion as the projections or lobes

are formed on the external surface, lateral

branches are added to the principal duct; and
these again become more and more ramified,

till an indefinite number of tubes are formed.

(Fig. 222, D.)

• Rathke, in Burdach's Phy. II. Band. p. 580,

edit. 1837. Valentin, 1. c. p. 501 ct scq.
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Tliis development of coecal

tubiili is seen in the liver of

Linnutus slagniilLt in the em-
bryo state, (fig. 223). In

the embryo of Lacerta vi-

ridis, (Jig. 224,) the rudimen-

tary liver with its blind se-

creting canals (e) iireobserved;

the elongated heart (a) fur-

Jig. 224.

Fig. 223.

nishing the aorta (b) dividing into its right and

left trunks, together with the principal venous

tnink (c), are represented ; d is the intestine,

J' the rudiment of the corpora Wolffiana, and

g g the rudiments of the upper and lower

extremities.

One of the most remarkable differences ob-

served in the development of the several glands

relates to the proportion between the mass of

the primary plastic substance, and the extent

and number of the contained tubes ; thus, in

the evolution of the liver there is seen a thick

layer of the primitive matter ; whilst, on the

contrary, the parotid gland in the embryo of a

calf two inches seven lines long, consists of a

tube visible to the naked eye, and not at ail

covered by parenchyma.

5. The mode in which the secondary tubes

are developed has been observed with great

care; and it is distinctly established that M^
do not proceed as mere elovgntiom of the pri-

mary caviti/, but are formed in an indepen-

dent manner. One of the latest writers on the

development of the body, Valentin * has

given a very exact account of the process in all

the glands. He sbttes that in the neighbour-

hood of the chief duct or of a branch of it,

small oblong accumulations of the plastic

mass are fonned, which become hollowed in

the interior, and these hollows, at first inde-

pendent of the principal caviti/, subsequently

communicate with it. It is also observed by
Mtiller that in the kidney of Batrachian Am-
phibia, the secreting tubes first apj)ear as

* Loc. cit. p. 521, ec alibi.

vesicles which are formed before the ureter,

and therefore independently of the principal

duct.* As the tubes become more devclo|)ed,

the plastic substance around them, by acquiring

greater firmness, constitutes their walls, and
thus determmes tlieir exact form and limits.

It is necessary to state that in every instance

without an exception, the newly-formed canals

end in coecal extremities, which are often

rather swollen, presenting a pedunculated ap-

pearance.

6. In proportion as the canals become
formed in the substance of the plastic mass,
this latter gradually diminishes in quantity,

till ultimately, when all the tubuli are formed,

it is so much reduced that it merely fills up the

interlobular fissures, and is in lact converted

into the interstitial cellular tissue.

7. At the same period of time that the tubes

are thus being formed, the bloodvessels are

being developed ; and, as Midler and Valentin

remark, a very close parallel is presented in die

generation of these the essential parts of the

gland. As in tlie case of the tubes, there are

at first little masses, or islands, of the plastic

substance, which subsequently join together,

and their interior becoming liquified, a num-
ber of little channels are formed containing a
circulating fluid, and which channels, by the

subsequent consolidation of their walls, are at

lengtii formed into perfect bloodvessels. Like
the tubes these vessels are at first independent;
they afterwards open into larger trunks and
ultimately into the heart. It is proper to

remark that, although tliere is such a corres-

pondence in the process of development in

each instance, the bloodvessels are formed
quite independently of the canals ; that they
occupy a different part of the plastic mass;
and that they never present that continuity

which ought at this epoch to have been very

apparent, if the theory of Huysch had been
founded in truth.

8. The several glands are not developed
equally early, some having their organization

much more advanced than others ; thus at the
time when the pancreas is so far formed as to

contain an immense number of canals, the

parotid presents only a single duct or a few
ramifications.t The principle which regulates

the relative degree of development has evi-

dently reference to the importance of the organ
during the foetal life ; and in this respect the

liver is most remarkable, for that body being,

as I conceive, the true decarbonising organ in

the animal kingdom, and therefore its func-

tions being doubtless necessary in the foetus,

very quickly acquires a high degree of organi-

zation, so much so that, as we learn from all

observations, it very speedily fills the greatest

part of the abdomen.|

* De Gland. Stmct. p. 87.

t Rathke in Burdach's Phy. II. Band. p. 576.
Valentin, I. c. p. 225.

X lu the embryo of a sheep five lines in len^h,
Valentin has found the liver filling half of the

abdominal cavity; and in the embryo eight lines

long, that organ constitutes three-fourths of the

bulk of the viscera contained in the peritoneum;
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Lastly, Tlie laws in obedience to which the

glands are developed, are as universal as to

tlieir existence in the animal kingdom, as those

which regulate the formation of the nervous,

osseous, and vascidar systems ; and thus it

may be noticed that the complex glands of

man and the mammalia, such as the parotid,

the ])ancreas, and the liver, pass, in the various

epoclis of their development, througii those

forms, which in the lower animals, and espe-

cially in the inverlebrated tribes, constitute tlie

permanent structure. It may also be stated,

that when any particular gland first appears in

the animal series, it jiresents the most simple

structure, although the same gland in the

higher classes acquires the highest degree of

complexity. Thus, the liver in insects is tu-

bular, and in many of the amphibia excavated

into large cells ; the pancreas in fishes consists

of separate tubuli; the salivary glands of birds

are extremely simple ; so also are the mam-
mary glands in the Cetacea, and the prostate

glands in many of the Mammalia.

Bibliography.— Malpighi, Dc vise, struct,

cap. iii. p. 18, et alibi ; De format. Piilli in ovo,

p. 20. Rwftchf Opera omnia, tom. iii. Holler,

Elem. Ph_v8. li. Ferrein, Mem. de TAcad. Roy.
deft Sc. 1749. Cttvier, Le9on8 d'Anat. Comp. tom.
iv. Rolando, Journ. Comp. des Sc. Med. tom. xvi.

The Treatises of Bickat, Meckel, and Beclard on
Gen. Anat. Miiller, De gland, secernent, struct,

penit. Handb. der Phy. I. Band. p. 418. Trans,
of ditto by Baly, vol. i. p. 441. Bitrdach, Phy.
II. Band. edit. 1837, pp. 258. 264, 287, 376. 375,

et alibi. This volume contains a large collection

of the most important facts relative to the deve-
lopment of the several organs, V. Band. p. 36
et seq. Kieman in Phil. Trans, 1833. Valentin,

Handb. der^Entwickelungs-geschichtc, pp. 495,

514, 521, 533. Boer, De ovo Mammal., and in

Burdach's Phy. Carus, Anat. Comp. par Jour-

dan, tom. ii. Grant's Lect. on Comp. Anat. in

Lancet, 1833-34. Blumenbuch, Man. of Comp.
Anat. by Coulson. Berres, Die Mikroskopischen
Gebildc des Menschlichen Korpcrs.

(R. D. Grainger.)

GLOSSO - PHARYNGEAL NERVE
(nerviis gtosso-phari/ngeus ; part of the sixth

pair of Galen and the older anatomists ; part

of the eighth pair of Willis ; the ninth pair of

Soemmerring and some of the modern anato-

mists). The glosso-pharyngeal, par vagum, and

spinal accessory neives were long considered

as forming a single nerve. Willis first clearly

pointed out the origin and course of the spinal

accessory, separated it from the par vagum, and

termed it the nervus accessorius. The glosso-

pharyngeal appears to have been generally de-

scribed at the time of Willis as a branch of the

par vagum. The term glosso-pharyngeal was

not applied to it until the time of Huber.*

Previous to the time of Willis, however, some

anatomists, more particularly Fallopius,+ Eu-

(1. c. p. 517.) Similar observations have been

made in other animals and in the human embryo

by Meckel.
• Epistola Anat. dc Nervo Intercostal!, De

Nervis Octavi ct Noni Paris, 8tc. p. 17. Goet.

1744.

t Opera quae adhuc existant omnia, p. 455.

Francof,

sUichius,*Bauhinus,thad shown that this nerve
was really not a mere branch of the par vagum.
Tlie same thing was stated, more or less strongly,

by many subsequent anatomists, more particu-

larly by Winslow.J Mallcr,§ and V'icq D'Azyr.||

.Soenimerringll and Andersch** were, how-
ever, tlie first who fairly separated the glosso-

pharyngeal from the par vagum, and ranked it

as a distinct nerve. The glosso-pharyngei form
the ninth pair of Soemmerring's classification

of the encephalic nerves, and were termed the
eighth pair by Andeisch. There can be no
doubt that if we adopt the numerical method
of naming these nerves, the glosso-pharyngei
properly form the ninth pair. To avoid, how-
ever, all tiie misunderstanding which is apt
to arise from tlie use of numerical names
when applied to these nerves, the best designa-
tion for the nerve at present under our conside-
ration is the glosso-pharyngeal, derived from its

being principally distributed upon the tongue
and the pharynx, I need scarcely state that,

under the term eighth pair, as it is most gene-
rally used in modern writings, is included the

glosso-pharyngeal, par vagum, and spinal ac-
cessory nerves. f|-

Origin.—The glosso-pharyngeal nerve arises

by from two to six filaments from the restiform
body of the medulla oblongata, closely upon
the groove which separates the restiform from
the olivary body. At its origin it is placed im-
mediately above and in the same line with the
par vagura nerve, and between it and the portio

dura of the seventh pair. Its lower margin is

generally separated from the upper margin of
the par vagum by a few small bloodvessels.

From its origin it first proceeds outwards
along with the par vagum and spinal accessory
to reach the foramen lacerum posterius.

Through the anterior and inner part of this

foramen it escapes from the interior of the cra-

nium, and is enclosed in a strong and separate
sheatli furnished by the dura mater.JJ In its

passage through the foramen lacerum it is

placed anterior to the par vagum and spinal

accessory and the commencement of the inter-

• Explicatio Tabularum Anatomicarnm Eusta-
chii, tab. xviii. Bat. 1744.

t Thcatrum Anatomicum, cap. xxiii, p. 659.
Francof. 1605.

{ Exposition Anatomique de la Structure da
Corps Humain, tom. iii, p. 106. Amstcl. 174;3,

§ Elementa Physiol, tom. iv, cap, xxix, p. 231-2.
Laus. 1562.

II
Traite d'Anatomie et de Physiologie avec de«

planches colorices, etc. No. iii. p. 56. Paris, 1786.

If De Basi Encephali et Originibus Nervorum,
&c, in torn, ii, p, 97. Ludwig. Script. Neurol.
Sel. Min. 1792.
" Fragmemum Detcrip. Nerv. Cardiac, in tom.

ii. Ludwig. Sc. Neur. Sel. Miu. p. 113.

ft Those who may wish to examine at greater
length the literature of this nerve may consult
Soemmerring Opcr. Cit. p. 97, and more particu-
larly Kilian Anatomische Untersuchungen iiber

dasneunte Hirnnerveopaar oderden Nervus Glosso-
pharyngcus, p. 1-62. Pcsth, 1822.

Jt -According to Morgagni ( Adversar. Anat. vi,

Animad. xii.) and Wrisberg (De Nervis Pharyn-
gis, in tom. iii. p. 52 Ludwig. Script. Neur. Sel.
Min.) this septum separating the glosso-pharyn-
geal from the par vagum is sometimes osseous.
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nal jugular vein, which lie in tlie order here

enuiiierjted. As the nerve issues from the

lower part of the for.unen lacerum it forms a
small rounded chord, close to, but still quite

separate from the ])ar vagum, and is situated

between the internal jugular vein and internal

carotid artery. It now leaves the trunk of the

par va^un), proceeds downwards, inwards, and
forwards, (Kissm); in front of the internal carotid

artery and behind the styloid muscles, and
joins itself to the stylo-pharyngeus muscle. It

runs at first along the lower margin of this

muscle, and rests on the superior constrictor

of the pharynx which separates it from the

tonsil ; It then mounts on the anterior surface

of the stylo-pharyngeus muscle, and passes be-

tween it and the stylo-glossus to reach the base

of the tongue, upon which it is ultimately dis-

tributed. Uccasionally, instead of turning over

the lower edge of the stylo-pharyngeus, it per-

forates this muscle. In following the course

here described, it forms a slight curve, tlie con-
vexity of which looks downwards, and it sends

off several branches, which are principally dis-

tributed to the pharynx and isthmus of the

fauces. These branches vary very considerably

in size and in number in difi'erent subjects, but
the general distribution of the nerve is in all

cases nearly the same. When the branches

are few in number, this is compensated for by
their increased bulk, and when they are more
numerous they are of diminished size. This
nerve generally anastomoses with the par vagum
within the cranium by a pretty distinct branch.*

As the nerve lies within the foramen lacerum it

presents two swellings or ganglia upon it, and
gives off some small branches. The superior of
these two ganglia is considerably smaller than the

inferior, and has been termed the giinelion ju-
giilure by J . Miiller, (Jig. 225). It is described

by Miillerfas generally present, though small,

placed uiwn the posterior or external side of
the nerve, and situated at the cranial end of

the foramen lacerum. It can only be distinctly

seen after the dura mater has been removed,
and the upper margin of the opening chiseled

away. I have repeatedly observed this gan-
glion jugulare in the human subject. In one
case which I lately dissected, where it was
comparatively large, very distinct, and pre-

sented undoubtedly all the appearance of a

true ganglion, it appeared to me, after careful

examination, that this swelling does not include

the whole of tlie nerve, but is confined, as

Miiller slates, to the posterior filaments. These
{H)slerior filaments do not seem to differ other-

wise in appearance from the anterior. This
ganglion was first pointed out by Ehrenritter,

and mentioned by Soemmerriiig on his autlio-

rity.t Very little attention seems to have l)een

paid to this ganglion, so that when it was lately

re-described by Miiller,§ it was supposed that

• Op. cit. p. 114.

t Handt)urn der Physiologic dcs Menschen.
Enter Band, p. 589.

t Arnold in Tiedemann's Zcitschrift fur Physio-
logie, vol. ii. p. 175, and J. Mullcr, in his Archiv.
fiir Anat. .md Phys. &c. 1837. No. ii. p. 275.

§ In Vcrgl. Jahrcsbcricht Von 1833, Archiv. fiir

Analomie und Physiol. 1834, p. II.

its existence in the homon subject had been
hitlierto unknown.* Mayer, of lionn, had,

previous to this (1833), described two small

swellings upon the root of the glosso-pharyn-

geal in the ox, but he failed to detect any

similar ganglion in the human species. No
nervous filaments either leave or join that part

of the trunk of the nerve upon which the gan-

glion jugulare is placed. Tlie inferior ganglion

(ganglion j>etrosum, ganglion of Andersch) is

considerably larger than the 3U))erior, is of an
oblong shape, and includes all the filaments of

the nerve. It is described by Anderschf as

about five lines in length, and commencing
about four lines below the place where the

nerve perforates the dura mater. No doubt, if

we include all that portion of the trunk of the

nerve which appears to be somewhat increased

in size, it may sometimes measure five lines,

but the true gangliform enlargement is consi-

derably less. As WutzerJ remarks, it is rarely

found to exceed two lines in length. This gao-

Fig. 225.§

Ifahmd lae. Uagmfied aheulfour Hmt$.

glion lies in a distinct depression in the pe-

trous portion of the temporal bone, which

Andersch terms receptaculum ganglioli petrosi.

Some branches both proceed from and join

that portion of the nerve occupied by this gan-

glion petrosum. The most important of these

is a small branch which proceeds from the

ganglion into the tympanum (ramus tympani-

cus nervi glosso-pharyngci ; nerve of Jacobson).

The course and distribution of this branch were

partly known to Schroiedal, Andersch, Ehren-

ritter, and Comparetti,!] but were more fiilly

• I find that Wutzer, in his Monograph " De
Corporis Humani Gangliomm Fabrica atque Usu,"

p. 92, after describing the inferior ganglion of the

glosso-pharyngeal, says, " secundarium ganglion

quod nonnumquam adesse Ehrenritter conteodit

mihi non sub oculos cecidit."

t If Andersch is not to be considered the disco-

verer of this ganglion, it cannot b« denied that he

first gave a full and clear description of it. (Op.

cit. p. 115.) Kilian (Op. cit. p. 30 and 75) eon-

tends that the existence of this ganglion waa known
to Winslow. In evidence of this he quotes the

following sentence from his Exposiu Anatom. torn,

iii. " les deux portions (nerviu glosso-pharyn^cna

ct nervua vagus) sont edroiteroent collees cnsemU*
et communiquent de part el d'autre par dea filamen*

qui grossissent un pea la petite portion (glouo>

pharyngeal.)*'

X Op. cit. p. 91.

\ [This figure is uken from a diiaection by Mr.

Walker in the Webb-atreet School of Anatomy.

TIic Kditut is indebted for it to the kindnea* of hi*

friend Mr. Grainger.]

II
Vide Miiller's Archiv. fiir Aaat. und Physiol.

tec. No. ii. 1837. p. 281.
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described by Jacobson.* The nervus tympa-
riicus enters a canal in the petrous portion of
the temporal bone, and there anastomoses with
the Vidian and the carotid plexus of the sym-
Cathetic- The orifice of this canal is placed
etween the jugular fossa and carotid canal,

and external to tiie termination of the aqueduct
of the cochlea. The ramus tympanicus is

figured and described by Arnoldf as dividing
into SIX filaments : 1. a filament to the fenestra

rotunda ; 2. one to the fenestra ovalis ; 3. one
which anastomoses with the sympathetic; 4.

one distributed upon the Eustachian tube; 5.

one, which he terms nervus petrosus profundus
minor, anastomosing with the splieno-palatine

ganglion ; 6. one, the nervus petrosus superfi-

cialis minor, which anastomoses with a branch
from the otic ganglion or ganglion Arnoldi.
The nerve of Jacobson thus forms an anasto-
mosis among the glosso-pharyngeal, the second
and third branches of the fifth pair, and the
superior ganglion of the sympathetic.^ A small
branch arises from the ganglion petrosum, as
delineated by Arnold,§ which unites itself to

the auricular branch of the par vagum.||
Two other filaments are generally found con-

nected with that part of the trunk of the nerve
occupied by the ganglion petrosum. These
are a communicating twig between the ganglion
petrosum and ganglion of the par vagum, and
an anastomosing filament of the sympathetic.
As these filaments are very minute, and lie in a
dense fibrous sheath, they can only be displayed
by an exceedingly careful dissection. The
communicating filament between these two
ganglia of the glosso-pharyngeal and par vagum
is short, and passes directly from the one gan-
glion to the other. The communicating filament
from the sympathetic comes from the superior
cervical ganglion, mounts up between the
trunks of the par vagum and glosso-pharyngeal,
and divides into two portions,—one of these

connecting itself to the ganglion petrosum, the
other to the ganglion of the par vagum. The
course and mode of termination of this com-
municating filament of the sympathetic is re-

presented differently by WutzerU from the de-
scription here given. I have adopted that

given by Arnold,** since it exactly agrees with
my own dissections. Anodier branch has been
described as arising from the ganglion petrosum
immediately below the ramus tympanicus, and
passing backwards behind the styloid process,

to anastomose with the trunk of the facial after

• Acta Reg. Soc. Havniensis Medic, torn. v.
Copcn. 1818.

t Icones Nervorum Capitis, tab. vii. 1834,

t Cruveiihier (Anatomic Descriptive, torn. iv.

p. 952, 1835) states that, in one subject he found
this ramus tympanicus formed by two branches,
one from the par vagum, the other from the glosso-
pharyngeal. In another subject it was formed by
a branch from the auricular of the pneumo-gastric
united with one from the glosso-pharyngeal,

§ Op. cit. plates iii and v.

II
It appears that the ramus auricularis of the

par vagum was described even to both its branches
by Comparetti, p. 129, Dc Aure Interna, &c,
H Op. cit. fig, vii.
•• Op, cit. tab. iv.

its exit from the stylo-mastoid foramen.* We
here see that the anatomy of that portion of the

ylosso-pharyiigeal nerve which lies within the

foramen lacerum is very complicated, but it

must be at the same time obvious that it em-
braces considerations of great interest in a phy-
siological point of view.

What the true nature of these two ganglia is,

we cannot at present venture positively to de-
cide. I may mention, however, that Miillerf
states that he is satisfied, that the superior gan-
glion or ganglion jugulare resembles the Casse-
rian ganglion upon the trigeminus or fifth pair,

and those upon the posterior roots of the spinal

nerves, for while one portion of the nerve
swells into a ganglion, the other passes by
without assisting in its formation. On the

other hand, he believes that the inferior g-an-

glion differs decidedly from those upon the

posterior roots of the spinal nerves, and resem-
bles the swelling which is occasionally found
upon a nerve where it is joined by branches
from the sympathetic. The ramus tympanicus,
according to his view, belongs to the sympa-
thetic system of nerves.|

On escaping from the foramen lacerum the

glosso - pharyngeal occasionally forms direct

anastomoses with the par vagum, spinal acces-

sory, and superior ganglion of the sympathetic;
at other times it only anastomoses with these

through its branches.

Digastric and stylo-hyoid branch. — Tlie

origin of this branch is far from being regular.

It frequently arises from the external side of the

nerve soon after its exit from the foramen lace-

rum. It ramifies, as its name implies, in the

digastric and stylo-hyoid muscles. The fila-

ments of this nerve anastomose in the substance

of the digastric muscle with the digastric branch
of the portio dura.§

Carotid branches are two or more in num-
ber, and pass from the convexity of the nerve
or from some of its pharyngeal branches, and
proceed upon the surface of the internal carotid,

where they form a very evident anastomosis with

the sympathetic, with the pharyngeal, and other

branches of the par vagum, and assist in form-
ing the plexuses around the carotid arteries.

They have been traced downwards for a consi-

derable extent, and found to anastomose with

the superior and even with the middle cardiac

nerves.

Pharyngeal branches.-—The nerve next fur-

nishes the pharyngeal branches, which are from
two to four in number. The largest of these

proceed downwards, and their ramifications can

be traced over the whole of the pharynx, but

more particularly over its upper and middle

* Cruveiihier, op. cit, p. 953, He looks upon
this twig as the rudiment of a considerable branch
of the facial, which he found in one case partly to

replace the glosso-pharyngeal. See also tom. iii.

p, 424.

t Archiv, fiir Anat, &c. No. ii. 1837, p, 276.

X Handbuch der Physiol, Erster Band.
^ Mr. Swan, in plate xvii. jig. 2 and 3, of his

** Demonstrations of the Nerves of the Human
Body,*' figures this communication as formed by a
filament of the digastric branch of the facial going

to join the trunk of the glosso-pharyngeal.
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portions. One or generally more of tliese pha-

ryngeal bi-anclies perfonile the stylo-pharyngeus

nitiscio, and can be traced jiartly downwards up-
on the middle constrictor, partly upwards upon
the superior constrictor and tnucous niemhrune
of the fauces, and also partly forwards ujxjn Uie

surface of the tonsils. I have traced one of
these pharyngeal branches through the posterior

j)art of the hyo-glo.ssus muscle into the mucous
membrane at the side of the posterior piirt of
the tongue. These pharyngeal branches, by
their anastomoses with the pharyngeal branches

of the par vagum and pharyngeal branches of
the sympathetic, form what is called they)Aa-

ri/tigail pk'xiis of tierve$.* A distinct swelling

is frequently found over the internal carotid

artery, formed by the confluence of the princi-

pal pharyngeal branches of the glosso-pharyn-

geus, of the superior pharyngeal branch of the

jiar vagum, and the pharyngeal branches of the

superior ganglion of the sympathetic. This
swelling varies consideriibly in size and appear-
ance. Hubert describes a small ganglion in

the pharyngeal plexus. IlaaseJ shortly de-
scribes this swelling as a gangliform enlarge-

ment. VVrisberg§ states tliat a ganglion, of the

size of the ophthalmic, is placed at the conflu-

ence of these nerves. Scarpa|| describes and
figures it as a gangliform plexus more particu-

larly connected with the pharyngeal branch of
the par vagum. Wutzerlf states that he has
been unable to detect this pharyngeal ganglion.

Kilian** and Amold,ft but more particularly

Kilian, figure it as a plexus. Though I would
not deny the occasional existence of a small

ganglion in this region, yet I believe it will be
found that this swelling is generally formed by
the cellular tissue binding together these

branches as they anastomose with and cross

each other.Jt

Lingual brunches.—After the trunk of the

nerve has furnished the pharyngeal branches, it

sends off from its concave side some small
twigs upon the surface of the tonsils. It then

forms the lingual portion of the nerve, passes

into the base of the tongue below the stylo-

glossus and posterior margin of the hyo-glossus

muscle, where it divides into three or four

branches. ITie superior of these is principally

distributed upon the posterior part of the sides

of the tongue, and sends some twigs backwards
upon the ])alato-glossus muscle and mucous
membrane of the fauces, where they anastomose
with the other tonsillitic twigs. The middle
part of the termination of Uie nerve passes

* A small twig from the hypo-glossal nerve can
sometimes be traced into this plexus. As the su-
perior pharyngeiil blanch of the par vagum is partly

formed by the spinal accessory, this last nerve must
assist in the formation of this plexus.

t Op. cit. p. 18.

X Be Nervo phreoico dextri lateris duplici,

&c. Ludwig, torn. iii. p. 115.

Op. cit. p. 5i).

Tabulx Neurologies, plate 2.

I Op. cit. p. 91.
•• Op. cit. tab. ii. fig. 5.

tt Op. cit. tab. iv.

XX The glosso-pharyngeal in the dog is generally

considerably increased ia size where the principal
pharyngeal branches arc given off.

VOL. II.
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through the lingualis and hyo-glossus muscles

to itiach the mucous membrane and papilla: at

the side of the base of the tongue. The re-

mainder of the nerve perforates the genio-hyo-

glossus to reach the mucous membrane and

«pill» in the middle of the base of the tongue,

'he distribution of these twigs is confined to

the mucous surface at the base of the tongue,

and do not extend beyond an inch in front of

the foramen ccecum. They pass through the

muscles of the tongue without giving any fila-

ments to them.*

Tomitlitic twigs.—The different twigs of this

nerve which we have described as passing to

the tonsils, form an intricate plexus, posterior

to and around these bodies, which has been

called the circulus tonsillaris. These tonsillitic

twigs are ultimately intermixed with the as-

cending filaments of the pharyngeal branch of

the par vagum, and pass in considerable num-
bers to the isthmus of the fauces and soft

palate. They anastomose also with the pos-

terior palatine branches of the second branch

of the fifth pair, and, according to \Vrisberg,t

with a filament from tlie third branch of the

fiflh.

In repeated dissections, both upon the hu-

man subject and the dog, I have found, in

tracing the branches of this nerve to their ulti-

mate distribution upon the pharynx and fauces,

that those branches of the glosso-pharyngeal

which do not anastomose with the pharyngeal

branch of the par vagum are principally distri-

buted upon the mucous membrane, and that

comparatively a small number of these fila-

ments seem to terminate in the muscular fibre.

The uncombined twigs of the pharyngeal

branches of the par vagum are, on the other

hand, distributed entirely to the muscular fibre,

lu a dissection of this kind care must be taken

to select those twigs only which proceed to

their distribution without exchanging filaments

with any other nerve. It can be mads more
favourably in the dog than in the human spe-

cies. The glosso-pharyngeus is still distri-

buted upon the tongue in birds, in the frog,

and certain of the amphibia, while this organ

receives no branch from the fifth pair, and from

this circumstance it has been considered the

nervus guslatorius of these animals.J In

fishes there is a branch of the par vagum
called glosso-pharyngeal, which escapes from

the base of the cranium by a separate opening,

and is distributed upon the gills, and also upon
the tongue as far as the skin of the mouth.

Physiologi).—It is only to the labours of

anatomists and physiologists within the last

few years that we are to look for any thing

• In tracing these nerves, it has appeared to me
that a few minute filaments terminate in the mus-

cles of the tongue, but these arc exceedingly few

and small. The statement of Wrisborg, that the

deep branches of the lingual portion of the glosso-

pharyngeal are distributed to the muscles of the

tongue, is opposed to the observations of the best

anatomisu, who have since his time examined the

ultimate distribution of this nerve.

t Op. cit. p. 51.

} Handbucb der Pbysiologie, etc. ErsterBand,

p. 590, 772.

2 L
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like accurate data in enabling us to judge of

the functions of tliis nerve. Its deep situa-

tion, its proximity to important parts, and the

consequent dithculty of exposing it in the living

animal, have until very lately deterred physio-

logists from making it an object of expermieJiUil

investigation. Some have supposed that it

supplies the nervous filaments upon whicli the

sense of taste at the root of the tongue de-

pends, while the third branch of the fifth pair

furnishes those of the anterior part of this

organ. Mr. Mayo* states that " when this

nerve is pinched in an ass recently killed, a
distinct convulsive action ensues, apparently

including and limited to the stylo-pharyngeus

muscle and upper part of the pharynx." lie

concluded from this that die glosso-pharyngeal

is in part, probably, a nerve of voluntary mo-
tion ; and from its distribution upon the sur-

face at the root of the tongue, that it is also

partly a nerve of common sensation. Sir C.
Bell believes that this is tlie respiratory nerve
of the tongue and pharynx, associating the

movements of those organs with the muscles
of respiration in speech and in deglutition.

And we find it stated by Mr. Shaw f tliat its

power of combining the movements of the

tongue and pharynx in deglutition " has been
shown by several experiments, the results of
which were very curious, and corroborative of
the views deduced from comparative anatomy."

Panizzal has undertaken an experimental in-

vestigation into the functions of tlie nerve, and
obtamed very unexpected results.

From these we are led to believe that when
this nerve is pricked in a living animal, this is

attended by no indications of suffering and no
convulsive movements ; that section of both
nerves is followed by loss of taste, while the

tactile sensibility of the tongue and the mus-
cular movements of deglutition and mastication

remain unimpaired ; that section of the fifth

pair is on the contrary followed by loss of
common sensation without any apparent effect

upon tlie taste. From these and odier experi-

ments upon the nerves supplying the tongue,

he concludes that the glosso-pharyngeal is the

nerve upon which the sense of taste depends,
and is therefore the true gustatory nerve. Dr.
M. Hall and the late Mr. Brougliton§ had,

from experiments performed previous to the

publication of those of Panizza, arrived at the

conclusion that this nerve is not a nerve of com-
mon sensation. These gentlemen likewise

reported at the meeting of the British As-
sociation for 1836 an experiment, the results

of which were in exact accordance with those

obtained by Panizza upon this nerve, but no
details of these experiments have yet been pub-

* Anatomical and Physiological Commentaries,
n. ii. p. 11. 1822.

+ London Medical and Physical Journal,vol. xlix.

1823.

X Edinburgh Medical and Surgical Journal, Jan.
1836, and Medical Gazette, Sept. 1835.

(S Fourth Report of British Scientific Association,
and Mr. Broujihton, in vol. xlv. of Edinburgh Me-
dical and Surgical Journal.

lished. Mr. Mayo* has stated several objec-

tions to these conclusions of Panizza. He rests

his grounds of dissent principally upon the

fact that die distribution of diis nene is con-

fined to die posterior part of the tongue ; while

the sense of taste, he maintains, is also present in

the anterior part of that organ, and consequently

it cannot, in that part at least, depend upon the

glosso-pharyngeal. The persistence of die sense

of taste after section of the fifth pair may, I\lr.

Mayo supposes, depend upon die palatine twigs

of the second branch of the fifth pair distri-

buted upon the ])alate and isthmus of tlie fauces.

Mr. Mayo attempted to decide die matter by
experiment, but he did not carry diis suflfi-

ciently far to obtain any satisfactory resulLs.

Dr. Alcockf has also lately examined into the

functions of this nerve experimentally, and has

arrived at conclusions at direct variance witli

those of Panizza; for according to Dr. Alcock,

when this nerve is exposed and irritated in die

living animal, it excites pain and spasmodic

contractions of the pharynx and muscles of the

throat. When divided on bodi sides, the ani-

mal's taste, " to say the least of it, did not ap-

pear to be much affected." He believes tliat the

sense of taste enjoys " two media of |)ercej5-

tion, and tliat these are the glosso-pharyngeal

nerve and the lingual and palatine brandies of

tlie fifdi." He also states that the muscular
movements of deglutition are very much im-
paired after section of the nerve on both sides.

He concludes, then, that the glosso-pharyngeal

are sentient nerves, and also inrtuence muscular

motion. He, however, is doubtful in what
manner these muscular movements aie excited

by irritation of this nerve, for though " dis-

posed to regard the result in question as the

effect of a sentient impression excited through

the nerve, and referred to the interior of the

pharynx," from the fact that this movement ex-

tends to muscles not supplied by tliis nerve,

and forms an associated movement, he admits
" diat the circumstance may Ixi as well ex-

plained by an exalted degree of muscular
excitement, or by a higher one than that ne-

cessary to produce die simple starting." I'ro-

fessor MiillerJ believes that an examination of
the position of the ganglion jugulare will de-

cide that the glcsso-pharyngeal is a mixed
nerve, and he maintains that the distribution of

this nerve, |)artly for sensation (mucous mem-
brane of the root of tongue), partly for the

movements of muscles (stylo-pharyngeus and
pharynx), exactly lesembles that of the two
roots of the nervus trigeminus. Unable amidst

these discordant statements to come to any sa-

tisfactory conclusions upon the proper func-

tions of tliis nerve, I entered into a lengthened

experimental and anatomical investigation for

this purpose. The experiments were twenty-

seven in number, and were performed upon as

• Medical Gazette, Oct. 1835, and 4th edit, of

OutUnes of Physiology, p. 314.

t Dublin Journal of Chemical and Medical Sci-

ence, Nov. 1836.

t Archiv fiir Anat. und Physiol, etc. n. ii.

1837, p. 276.
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many diflferent dogs. Seventeen of lliese were
U[X)ii the liviiii; luiiinal, witli the view of as-

tertainmg if thiii nerve were to be considered
bolli u nerve of sensittion and motion, and wbat
are llio elietts of its section u|X)n the associated

movements of deglutition, an<l on the sense of
taste. The other ten were iierfortiied on ani-

mals immediately aAer they had been deprived
of sensation, for the purpose of satisfying my-
self to what extent it was to be considered a
motor nerve. The most remarkable effect wit-

nessed in these experiments was an extensive

convulsive movement of the muscles of the

throat and lower part of the face on irritating

tliis nerve in the living animal, provided the

irritation was applied to the trunk of the nerve
before it had given off its pharyngeal branches,

or to one of these pharyngeal branches sepa-
rately. These movements were equally well

marked upon pinching the cranial end of the

cut nerve after it had been divided at its exit

from tlie foramen lacennn, as when the trunk
of the nerve and all its branches were entire.

In some of these ex|)erimenLs we observed a
remarkable diftierence between the efleils of irri-

tating this nerve liefbre and after it had given off

its pharynceal branches, which is valuable on
this account, that it may explain the discrepan-
cies between tlie results obtained by Pamzza,
Dr. M. Hall, and the late Mr. Broughton on
the one hand, and Dr. Alcock on the oOier.

For though 1 do not mean to athrni that pinch-
ing the lingual portion of the nerve is never
followed by indications of suffering, (for from
the irregularity in tlie origin of the pharyngeal
twigs, and the difficulty of judging at the

bottom of a deep wound in the living aniinal

at what particular \an these are all given off, it

is generally impossible to decide where the

lingual portion may be said to begin,) yet I

have no hesitation in saying that if in several

of these ex|)eriments we had ojierated only on
that portion of the nerve which first presented
itself, and not (noceeded to dissect it back-
wards towards its [)lace of exit from the cra-

nium, we should have gone away with the

impression that the irritation of this nerve was
followed by no convulsive movements, and
liltle if any indications of sutienng.

I'roin a review of all the cx[)eriments which
I have perloriiied u|ioii the glosso-pharyngeal
nerves, 1 am inclined to draw the following
conclusions :

—
1

.

That this is a nerve of common sensation,

as indicated by the unequivocal expression of
pain by llie anunal, when the nerve is pricked,

pinched, or cut.

2. That mechanical or chemical irrikttion

of this nerve before it has given off its pha-
ryngeal branches, or of any of these branches
individually, is followed by extensive muscular
movements of tlie throat and lower jiart of the
fece.

3. Tliat the muscular movements thus ex-
cited dejiend, not upon any influence extending
downwards along the branches of the nerve to

the muscles moved, but upon a reflex action
transmitted through the central organs of the
nervous system.

4. 'iliat these pharyngeal branches of the

glosso-pharyngeal nerve |X>ssess endowments
connected with the |)eculiar sensations of the

mucous membrane upon which they are distri-

buted, though we cannot pretend to say posi-

tively in what these consist.

5. Tliat this cannot be the sole nerve upon
which all these sensations de[)end, since tlie

perfect division of the trunk of the nerve on
ixith sides does not interfere witli the |)erfect

performance of the function of deglutition.

6. Tliat mechanical or chemical irritation

of the nerve, immediately afler tlie animal has

been killed, is not followed by any muscular

movements when sufficient care is taken to in-

sulate it from the pharyngeal branch of the par

vagum. And we here observe an important

difference between the movements excited by

irritation of llie glosso-pharyngeal and those of

a motor nerve, for while tlie movements pro-

duced by the irritation of the glosso-pharyngeal

are arrested as soon as the functions of the

central orgiins of the nervous system have

ceased, those iVom irritation of a motor nerve

such as the pharyngeal branch of the par

vagum, continue for some time after this, and
when all connexion between it and the medulla
oblongata has lieen cut off by the section of

the nerve.

7. That the sense of taste is sufiiciently

acute, after perfect section of the nerve on both

sides, to enable the animal readily to recog-

nize bitter substances.

8. That it probably may participate with

other nerves in the performance of the function

of taste, but it certainly is not the special nerve

of that sense.

Tlie sense of thirst which is referred to the

fauces and pharynx does not ap|)ear to de-

iiend entirely ujion the presence of this nerve.

The animals in which it was divided lappe<l

water of tlieir own accord. I observed one of
those in which llie nerves were found satisfac-

torily divided, rise, tliough feeble, walk up to

a dish containing water, lap some of it, and
return again to the straw upon which he was
previously lying.

In all experiments upon the glosso-pharyn-

geal nerve in the dog, too great care cannot be
taken to avoid the pharyngeal branch of tlie

jiar vagum, which is sometimes situated in im-
mediate contact with it, at other times one or

two lines below it, and is frequently united to

it by a considerable communiutting branch, .so

that it may readily be mistaken for a large pha-

ryngeal branch of the glosso-pharyngeal. This

precaution is the more necessary, as 1 am con-

fident that these two nerves differ from each

other in function, and this must consequently

seriously affect tlie results. I attribute the dif-

ficulty of deslutition after section of this nerve

in the living animal, and the muscular move-
ments on irritating it in the animal recently

killed, observed by two of the preceding ex-

Ijerimenters, to a want of sufficient precaution in

separating these nerves from each other. These

results were only observed by me when the

pharyngeal branch of the par ragum was im-

plicated in the experiment.

2 t. 2



500 GLUTEAL REGION.

AViih regard to the argument in favour of

the niotal prnperlips oi' this iirrve, drawn by
Miiller from its anatomy, it apjioars to nie that

this analogical mode of invesliuation, valuable

tliough it is, must be permitted to yield to tlie

more positive observations obtained from expe-

riment. And though it may be granted that

the apparent limitation of the ganglion jugu-

lare to the posterior filaments of this nerve

causes it here to resemble closely the double
roots of the spinal nerves, yet we must be

wary in drawing analogies between the glosso-

pharyngeal and spinal nerves, since we have
another ganglion situated immediately below
this, viz. the ganglion petrosum, which involves

the whole of the nerve, and to this assuredly

we have no analogical structure in the spinal

nerves. N'o doubt Miiller supposes that this

inferior ganglion differs from those placed upon
the posterior roots of the spinal nerves, and
that It belongs to the sympathetic system. Hut
as nothing like conclusive proof is advanced
in support of this opinion, we may in the mean
time reasonably suspend our belief as to the

probable influence which this lower ganglion

may exert upon the functions of the nerve.

Of course the fact that some of the filaments

of the glosso-pharyngeal terminate in the mus-
cular fibre, is no proof that these filaments are

motal, for the muscular bundles have their sen-

sitive as well as their motal filaments.

(John Reid.)

GLUT7F,ALHEGI0N,(Sui-gical Anatomy.)
(Fr. regiim Jrxxiei'c.) The gluta'al region may
be defined with tolerable precision to be all that

space external to the ])elvis which is covered

by the gluta;i muscles of each side. Its boun-
daries seem naturally to be the crista of the

ilium above; behind, the mesian line as low
down as the point of the coccyx ; before, a line

drawn from the anterior suiierior spinous pro-

cess of the ilium to the trochanter major; and
below, a line drawn from the point of the

coccyx to the insertion of the gluta;us maximus

;

in fact, the inferior margin of this muscle forms

the boundary line. These limits, better defined

than those of most of the anatomical regions,

separate this tract from the lumbar and iliac

regions above, from the superior anterior region

of the thigh in front, from the perineal and
posterior regions of the thigh below, and from

the corresponding part of the opj)osite side at

the posterior mesian line. This space, which
does not comprise many points of importance

in surgical anatomy, is yet not without interest.

Here are die gluteal and ischiadic arteries, also

the commencement of the course of the great

sciatic nerve. The internal pudic artery also

skirts along the inferior edge of the gluteval

region, but this will be best considered as part

of die regibn of the perineum.

The first thing that strikes us in the exami-
nation of this region is the great density and
thickness of the mtcguments; they are inferior

in this respect only to the sole of the foot.

This density is, however, found greater pro-

portionally in the true skin than in the cuticle,

which retains much of the softness and pliabi-

lity of the same covering in other parts of the

body, and the end of this is evident, since

whatever the pressure may be upon the ghitutal

parts, a dense state of the cuticle in any degree

similar to the sole of the foot would, in the

varied positions and movements of the trunk,

be quite incompatible with comfort. On the

other hand, the true skin, though pliant, is

remarkably dense and strong, its fibres almost

tendinous in structure, inlerlacing each other

in every direction, and united underneath to a
strong but rather loose cellular tissue which

connects it to the glutocus muscle. It is to the

laxity of this cellular connexion that the inte-

guments of this part are partly indebted for

that pliability which enables us to rest with

ease and comfort upon surfaces of various

degrees of hardness and inequality. It contains

a considerable quantity of fat, which adds to

the softness and ela.sticity of this cushion, and

is very different from the granular hard fat

found in the jilantar region. The density of

the integumental covering of the gluta-al region

varies somewhat in difi'erent parts. It is greatest

where it covers the tuber iscliii, and gradually

diminishes on all sides except on the side next

the perineum, where the change is very abrupt

from its characteristic density to the extreme

thinness and delicacy of the perineal covering.

The peculiarity of structure of the integument

covering the glutei should be borne in mind
by the surgeon in the treatment of diseases of

this part. Abscesses should on this account

be earlier oj^ened from the obstacle thus pre-

sented to their pointing. It is on this account

also, |)robably, that we so generally find

abscesses here accompanied with sloughing of

the cellular tissue, which is best obviated by an
early opening.

The fleshy fibres of the glutaeus maximus
are covered by a soinewliat denser stratum of

cellular tissue, forming an aponeurosis distinct

from the fascia lata of die thigh, though conti-

nuous with it at the anterior edge of Uie muscle,

where the fascia lata lies upon the anterior half

of the glutaeus medius. The great glutacus is

composed of coarse and loosely connected

fasciculi, running in a direction downwards
and forwards. It commences by a somewhat
semicircular line of origin from the posterior

two-thirds of the crista ilii, from the side of the

sacrum and of die coccyx. From this origin

the fibres run somewhat converging towards

the great trochanter and upper part of the

linea aspera. This direction of the fibres

should be borne in mind in connexion with all

remedial manipulations on this part, that the

position in which die limb should be placed

may be chosen most favourably for the relaxing

of die muscle. The other muscles which are

in this neighbourhood, and all of which move
the thigh-bone, are so much smaller than this

great muscle that the relaxing of this is of the

first importance, and the position must be

chosen with reference almost entirely to this.

On reflecting the glula;us maximus die fol-

lowing parts are brought into view :— 1st, several

large branches of arteries and veins, which were

divided m reflecting the muscle, and which
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passed into tlie substance of the great glutxiis

muscle; lliese ari; from the i;lula;al and ischialic

arteries, and appear principally at tlie upper
and |K)sterior part of the ghita'us medius

;

Sd, tne wliole of the K'ot't'i's medius, the pos-

terior two-thii-ds of winch had been covered by
tlie larger muscle ; 3d, at the posterior edge of
the glutaeus medius is the pyriformis muscle part-

ly concealed by it, and coming out of the supe-
rior sacro-sciatic foramen ; 4th, next below the

pyriformis lie the two gemelli, with itie tendon
of the obturator intemus between them, and
below these is the quadratus femoris, having

underneath it the strong tendon of the obturator

extemus; ,'>th, the great sciatic nerve is seen
emerging from the superior sacro-sciatic fora-

men near the sciatic artery. Sometimes it

comes out entirely below tlie pyriformis; some-
times it descends in two branches, one of which
perforates that muscle, and they then unite.

The trunk passes directly downwards, cross-

ing tlie rotator muscles of the hip, and pass-

ing between the projecting tuberosity of the

ischium and the trochanter major. In this

part of its course it is accompanied by the

sciatic artery, which is seen about half an inch

to the internal or sacral side of the nerve, and
sends one considerable branch to supply the

nerve, and runs tortuously imbedded in its

neurilcma. Tlie course which the nerve and
artery here take will be re))resented by a line

drawn from Uie posterior suixirior spinous pro-

cess of the ilium to a spot midway between
the tuber ischii and trochanter major. Lastly,

in this view are exposed the bursal sacs, of

which there are several between tlie glutieus

maximus and the subjacent parts. Tlie most
considerable is found between it and the external

surface of the trochanter major. A consider-

able but smaller one is placed between its broad

tendinous expansion and the upper part of the

vastus extemus, and two smaller ones com-
monly between the muscle and the os femoris

at the upper and back part of the thigh. The
ischiatic artery at the commencement of its

course is smaller than the gluta'al, and comes
down over the pyriformis muscle, and makes
its exit from the pelvis through the lower part

of the sciatic notch, between the pyriform and
levator ani muscles, above the lesser sciatic

ligament, and in front of the sciatic nerve ; it

sometimes passes between the roots of this

nerve. On the dorsum of the pelvis the sciatic

artery is covered by the glutaus maximus
muscle, and may be seen by a similar dissec-

tion to that which exposes the glutaeal artery,

excepting that it is found about an inch and a
half lower down than the last-named vessel.

The glut.ial artery comes out of the pelvis

at the ui>per part of the sciatic notch in com-
pany with the superior gluteal nerve and vein.

It immediately winds upwards upon the dorsum
ilii, keeping close to the bone, and shortly

after its arrival upon the dorsum it divides into

branches principally distributed to the gluta;al

muscles. I'o expose this artery and its branches
in dissection, it is nccess;u-y to proceed as in

the dissection of Uie glutxus maximus muscle.

Next divide this muscle in a line from the

posterior su|«!rior spine of the ilium to the

tuberosity of the ischiim). In making this dis-

section several large arteries and veins must be
injured. If the edges of tlie muscle be now
separated and the subjacent cellular membrane
removed, the glutaeal artery, accompanied by
one or two large veins and by the glutxal nerve,

may be seen escaping from the sciatic notch

above the pyriform muscle, between it and tlie

gluteus medius. This artery, as it escapes from
the pelvis, lies three inches and a half from the

mesian line, or from the spinous processes of
the sacrum.

The glutxal and ischiadic arteries, as we have
seen, are covered by the gluta:us maximus mus-
cle, and lie at such a depth from the surface

that they are not very liable to injury. Wounds,
however, of this part do occasionally implicate

these vessels, either in their large branches or
even the trunks themselves, and they have been
affected with aneurism, an instance of which
is mentioned by Mr. J. Bell,* and which
attained a considerable size. I n the case of a
wound, its direction will lead us to the
situation of the artery ; and in the instance of
aneurism just mentioned, Mr. liell ventured to

lay open the sac and thus reach the mouth of
the glutxal artery, which he secured by liga-

ture, and this perhaps might be accomplished
in a very emaciated person ; but generally
speaking the artery lies so deep, and the vessels

which must be wounded in making the neces-
sary incisions would by their bleeding so ob-
scure the operation, that the most experienced
surgeons do not recommend the attempt under
ordinary circumstances, but prefer the operation
of tying the internal iliac.f As a guide, how-
ever, to the situation of the gluteal artery,

whether in tlie examination of a wound or in
operating upon it, its position on the dorsum
of the pelvis may be ascertained by drawing a
line from the posterior spinous process of the
iPrnm to the middle of the space between the
tuberosity of the ischium and trochanter major.
If this line is divided into three, the gluteal
artery will be found emerging from the pelvis

at the juncture of its upper and middle thirds.^

To return to the consideration of the anato-
mical structures which we expose in succession.
We are struck witli the difference in texture of
the tliree glutxi muscles. The fibres of the
two smaller gluta-i are of moderate size and
strength, while those of the larger glutxus are
remarkable for their coarseness and large dimen-
sions. The relatiNe situation of the three

muscles is also important. The position and
direction of the gluta;us maximus is just in

that line in which the greatest vigour of"^ action

is required to erect the body by drawing the

back part of the pelvis towards the trochanter

major. In this operation it is assisted by the

position of the gluteus medius and minimus,

' Principles of Surgery, vol. i. p. 421.

t Sec Med. Cliir. Truis. vol. v. Alao Gulbric on
Diseases of Arteries, p. 364.

i See Harrison's Surgiciil Anatomy of the Art«-
ric6, vol. ii. p. 100.
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tlie jjosleriov fibres of which are covered by the

glutaeus maxinius. These anterior fibres have a

different action, varying in the different posi-

tions of the body in relation to the tliigh, and,

according to this, consisting either in rotation

inwards, abduction, or flexion of tlie femur, or,

this bone being fixed, assisting in the various

anterior movements of tlie pelvis upon the thigh.

At the posterior edge of the middle glutaeus

is the pyriforrais coming out of the upper open-

ing of the sciatic notch. Here, as we have

seen, the gluta;al artery is also emerging from

the pelvis and winding round the upper edge

of the notch. This, therefore, will be the situa-

tion of an aneurism of this artery, and a pul-

sating tumour being detected in the situation

just mdicated by measure, as the seat of tliis

vessel, will be a very strong ground for deciding

both .IS to the disease and the vessel diseased.

A case lately came under our notice of a very

obscure character in which a swelling was
situated precisely in the position of the giula;.!!

artery, but without pulsation or any other syirv-

ptom of aneurism. The swelling was at first

indistinct, but as the surrounding parts wasted

under the effect of disease it became more pro-

minent. It was firm to the touch and rather

moveable, and about the size of a hen's egg.

But the princi])al part of the disease showed
itself within the pelvis in a tumour consisting

almost entirely of coagukim, as was proved by
puncture, situated behind the rectum, and
pressing it forward so as to occupy nearly the

whole pelvis, and obstructing the passage both

of faeces and urine. As there w;is no decided

symptom of aneurism no operation was at-

tempted for the relief of the case, and as the

girl, who is eighteen years of age, still lingers,

the nature of the disease is not yet cleared up.

But this part also occasionally gives exit to a

hernial tumour, part of the intestines or even

the bladder or ovary becoming thus displaced

and being lodged in the sac* The superior

opening of the sciatic notch is bounded above
by the notch of the ilium, before by the de-

scending ramus of the ischmm, and below and
behind by the superior sacro-sciatic ligament;

and so large is the opening thus left that we
might expect to find the protrusion of some of

the viscera of the pelvis much more frequently

than we do. Yet so completely is this part

covered and defended by the pyriform muscle,

the plexus of nerves, the glutaei maximus and
medius, that this form of hernia is an extremely

rare occurrence. \V hen it does occur in the adult,

the diagnosis is very difficult while the hernia is

small, owing to the great depth at which it is

situated. When, however, it is congenital, the

nature of die swelling is larger in proportion to

the size of the surrounding parts, and the depth

of the superjacent parts less
;
yet even here

Professor Schreger did not at first detect the

nature of the swelling. In fact nothing hut

the actual feeling of the guggling of the gas of

the intestines under the finger seems sufficient

* Sec a Mimm.'iry of tasos of ischiatic heraiji in

Coopei'fi Fiiitt l^ines of Surgery.

to discriminate ths case, and this is of course

not to be expected when the gut is strangulated.

Indeed, in Dr. Jones's case* the synijitoms

were not at all referred by the jiatient to the

true seat of the disease, and the surgeon was
in consequence never led to make any external

examination of this part. It may be well lo

state here the anatomical relations of the hernial

sac in this case, which was carefully dissected.

" A small orifice in the side of the pelvis,

anterior to but a little above the sciatic nerve

and on the fore part of the pyriforniis muscle,

led into a bag situated under the glutaus maxi-

mus muscle, and this was the hernial sac, in

which the portion of intestine had been stran-

gulated. The cellular membrane wliioli con-

nects the sciatic nerve to the surrounding parts

of the ischiatic notch had yielded to the jires-

sure of the peritoneum and viscera. The orifice

of the hernial sac was placeil anterior to the

internal iliac artery and vein, below the obtura-

tor artery and above the obturator vein. Its

neck was situated anterior to the sciatic nerve,

and its fundus, which was on the outer part of

the pelvis, was covered by the gluta-us maxi-

mus. Anterior to but a little below the fundus

of the sac, was situated the sciatic nerve,

behind it the gluta;al artery. Above, it was
placed near the bone, and below appeared the

muscles and ligaments of the pelvis."

We must not conclude this article without

a few VNords on the general form of the gluteal

region as affording an important means of

diagnosis m disease. In examining this re-

gion in a healthy person we observe, 1st, the

thick rounded prominence of the nates, formed
by the posterior and inferior margin of the

glutaeus maximus ; 2d, the projection of the

trochanter major, only covered by the integu-

ments and the thin tendon of the last-named

muscle; ;id, the projection of the crista ilii,

forming the upper boundary of the region

;

4th, a depression, perpemlicular in direction,

between the nates and the trochanter major;

.5th, another depression, slighter than the last

and transverse in direction, between the tro-

chanter and crista ilii.

Now almost all these points become altered

in character and relation in disease. In dislo-

cation of the femur they of course are changed
by the difference in jwsition which the trochan-

ter asfiumes in common with the head of the

bone; and according to the unnatural situation

which this occupies, so will the alteration in

the general form of the parts be modified. But
we now speak particularly of the changes of
disease. Even in the inHammatory stage of

disease of the hip-joint, it is surprising how
great is the effect produced upon the nates.

The roundness and fulness gradually go, the

nates looks wasted, and the depression between
this and the trochanter disapjyears. This wast-

ing, arising from interstitial absorption of the

glutaus and parts adjacent, is the more striking

as it occurs too rapidly upon the affection of

the joint to be the effect of inaction of the

* See Sir A. Cooper oa Hernia, part ii. p. 67.
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muscle, as we have seen it occur In a marked
degree in a rather severe attack of inflammution
of llie joint, which rea<iily yielded to treat-

ment.* Then in the more advanced stages of
disease of the joint, the depressions above
mentioned are not only lost, but from morbid
de|)Ositions in the neighbourhood of the hip

they become elevatetl and swollen, and the

shar[) prominences of the trochanter lost in the

general fulness of the part.

(A. T. S. Dodd.)

GROIN, REGION OF THE, (Surgical

Anatomy.) (Fr. I'aine, region inguinult.) The
limits of this region, as understood by most
surgical writers, seem to be wholly artificial.

The groin constitutes the confines of the at>-

domen and the thigh; and I'oupart's ligament
forms a natural line of division between its

femoral and its abdominal portions. A line

drawn horizontally, the subject being erect,

from the anterior superior spinous process of
the ilium to the linea alba, forms the superior

limit of tliis region, while below it may be
defined by a line (rarallel to llie former one,
and extending from the pubis to the outer ]wrt

of the thigh. For the particulars of this region,

see Hf.knia, Femoral Arterv, Abuohen,
and Thigu, regions of the.

(R. B. Todd.)

ll/EMATOSINE, (ai^oc, hloml, and mirru,
to fall.) The colouring matter o( the blood.f
Tliis principle separates witli the fibrine of the
blood when that fluid coagulates, and may be
obtained free from adherent albuminous matter
by tlie process recommended by Berzelius,

which is :is follows. The coagulum is first to

be sliced in thin pieces with a sharp knife, and
then carefully washed in separate portions of
distilled water; by these means we separate
the adherent scrum, and if the washing is

gently performed, but little hamatosine be-
comes washed away with it. The slices thus
prepared are placed on a filter and allowed to

drain : when the draining is complete, the slices

are to be thrown into a glass vessel and broken
up in distilled water; we thus procure a solution

of the colouring matter while any fibrine pre-
sent gradually subsides. The liquor when
poured ofi" is a tolerably pure solution of
naimatosine. If it is wished to procure the

principle in the solid form, the solution may
be evaporated at a temjierature not exceeding
100« Fahrenheit.

F.ngelhart prefers heating the solution after

filtration to about 150° Fahrenheit, which deter-

mines the precipitation of the ha;matosine,

while any albumen which may possibly exist

• There seems to be a law of the animal economy
that when a joint is diseased the mui^cles moving it

immediately lose lone and bulk, and there is no
more marked symptom of disease of an articululion
than this wasting of the muscles which belong lo it.

t Lecanu considers Ihat ha^matosine is a com-
pound of albumen with a substance which he be-
lieves to be the true colouring matter of the blood,
and which he calls Globulinc.

in solution with it, remains dissolved at that

temperature. Engeltiart's process yields us

ha-matosine in its purest form, but when thus

obtained it is no longer soluble in water,

whereas, if procured by evaporation at 100°

Fahrenheit, it is still soluble, and what is very

extraordinary, dry hsmatosine procured at that

temperature, though it be afterwards subjected

to a heat of 212° Fahrenheit, does not lose its

property of dissolving in water. Ilxmatosine
may be described under two forms, viz. in

solution and in the dry state.

The aqueous solution of Inematosine is pre-

cipitated by alcohol and the acids. I'he

alkaline hydro-sulphuretsand sulphuretted hy-
drogen change the colour of the solution to

green ; nearly all the metallic and earthy salts

precipitate it. Infusion of galls produces a
pale red precipitate; gallic acid, however, does
not show this effect. Chlorine passed through
a solution of litEmatosinc decolorizes it.

Bromine produces a similar result, but it is

some time before the effect is observed. Iodine
will also decolorize the solution after some
hours, and produces a brown precipitate, which
is found to contain iodine.

Ilaematosine when dry is of a dark red co-
lour and exceedingly hard, having a vitreous

fracture. Its chemical projierties in many re-

spects resemble those of fibrine, and albumen
in the coagulated state. Berzelius remarks
that, like fibrine, it contains a fatty matter pe-
culiar to itself which can be separated by ether;
this is one point of resemblance in the opinion
of that chemist. The action of acetic acid on
heematosine is a very striking jioint of resem-
blance between that body and fibnnc; for

when the acid in the concentrated state is al-

lowed to remain in contact with hxmatosine
for a few hours, we observe that it is converted
into a tremulous brown mass which is more or
less soluble in water, and which during solu-
tion evolves nitrogen gas. The nitric, hydro-
chloric, and sulphuric acids, if diluted with an
equal bulk of water, and digested on ha;ma-
tosine, become coloured yellow and disengage
nitrogen ; but they do not dissolve the prin-
ciple even at a boiling heat. The results of
such digestions, however, in the hydrochloric
and sulphuric acids, are soluble in water; but
that which has been digested in nitric acid
remains insoluble.

Potash, soda, and ammonia dissolve ha'ina-
tosinte with facility, and it is precipitated from
such solution by the addition of an acid. The
acetic acid acts thus, but re-dissolves the pre-
cipitate if added in excess, as it would albu-
men or fibrine.

Tannin precipitates hsematosine from solu-
tion in alkalies.

Tiedemann and Gmelin have observed that
boiling alcohol will dissolve hxmatosine; this

is also tlie case to a considerable extent with
its combinations with several of the acids which
precipitate it. When ha;matosine is incinerated

and decarbonized, it yields an ash amounting
to 1.3 |>er cent, of its weight : this, according
to Berzelius, is composed of the following sub-
stances :

—
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Carbonate of soda, with traces Engclhart's experiments on hicmalosine tend

of pliosphate 0.3 to shew lliat iron is in some way inlluential

Phosphate of lime 0.1 in producing llie red colour of the blood. He
Caustic lime 0.2 showed that, though albumen aud fibrine

Subphosphate of iron 0.1 yielded no iron on incineration, the metal ex-

Sesqui-oxide of iron 0.5 istcd in considerable quantity in haniatosine.

Carbonic acid and loss 0.1 He found that a solution of red particles im-

pregnaled with sulphuretted hydrogen became

1.3 of a violet colour and then passed to a green,

it being impossible to restore the origuial red

The ultimate analysis of hsEmatosine ap- tint. Chlorine when passed through the solution

proaches very nearly to that of fibrine. Mi- hleaclied it, having previously produced a

chaelis declares to "have found a difference of g^en colour; when decolorizatiou was corn-

ultimate constitution between the colouring P'ete- white flocculi were observed to fall,

matter of arterial and venous blood : his ana- which on being examined yielded no appre-

lyses aie as follows : ciable ash, while the clear solution gave evi-

Arterial. Venous. dence of iron by the usual reagents. The

Nitrogen 17.253 17.392 white flocculi were supposed by Engelhart to

Carbon ....'...'. 51.382 53.231 be the colouring matter changed to white by

Hydrogen 8.354 7.711 the abstraction of its iron. It is evident that

Oxygen..!!'.'..*. 23.011 21.666 even if the colour of the blood were owing to

some peculiar animal matter and not to iron.

It will be observed, on examining these ana- we should still expect decolorization by clilo-

lyses, that the difference of constitution is so rine ; but yet the change of colour from red to

small that we may reasonably conclude it has green which that re-agent produces previous to

been produced by a difference in manipulation decolorizing the solution, renders it probable

or some other extraneous cause capable of that its action is ou iron in some form of com-
modifying the result: indeed, ultimate ana- bination as yet unknown. Rose has shown
lyses of identical substances have, when in the that many organic matters interfere with the

hands of different chemists, often yielded re- action of the tests for iron when present in

suits far more discrepant than these, and that solution with that metal, and quotes this to

too when each operator stood high as an ana- account for the failures in procuring the re-

lyst. Berzelius, in remarking on these expe- actions of iron from the blood in a fluid state,

riments, observes that it is impossible for the Some experiments of Berzelius, however, have
chemist to fix the state of blood whether arterial proved that the artificial combinations of iron

or venous; for it will lose its condition with with albumen which Rose formed, can be pre-

respect to the colouring matter long before the cipitated by ferrocyanate of potassa if they

chemist can procure its hamatosine for analysis, are previously treated with acetic acid : as this

Thus die venous clot becomes of a bright red does not happen with blood, it is very pro-
colour when exposed to air, and arterial blood perly contended that Rose's experiments are

soon loses its vermilion hue. A great con- not to be looked upon as an explanation of the

trariety of opinion exists as to the cause of the difficulty. In a paper published by Mr.
red colour of ha;matosine, some chemists sup- Brande in the Philosophical Transactions for

posing that the iron contained in it takes an 1812, that gentleman proposes to consider
active part in its coloration, while others lia;matosine as an animal dye, which like co-

maintain that though iron is present it cannot chineal is capable of uniting with metallic

be considered as the cause of colour. Win- oxides ; thus the oxides of mercury and tin are

terl imagined he had discovered the secret active precipitants of this colouring matter,
when he formed sulphocyanic acid (blutsaure) and woollen clothes previously impregnated
by carbonizing blood with carbonate of potash with a solution of bichloride of mercury have
and prccipitiited salt of iron with the lixivium

—

been permanently dyed by steeping them in a
an experiment quoted by Treviranus ; but we solution of hamatosine. Tfie question as to

are unable to detect the sulphocyanic acid in whether or not iron be really necessary to the
blood, so this formation of a ferruginous co- existence of the red colour of the blood can-
louring matter must not be considered as in not be considered as determined, and it is

any way assisting in the inquiry, although it difficult to imagine any line of experimenting
simulates the tint of blood most completely, which could aHbrd results sufficiently satis-

Fourcroy as.serted that subphosphate of iron factory to settle the point. Mr. Brande's ex-
was capable of imparting a red colour to scrum, periments, by which he concluded that lisema-

which is not the case, and went so far as to tosine contained iron in no greater proportion
declare that the colourless globules of the than fibrine or albumen, would have placed the

chyle contained neutral phosphate of iron, matter beyond doubt if other chemists had
which, when mixed with tlie blood, was de- confirn:ed his observations ; but the expe-
composed by the alkali present into a sub- riments of Dr. Engelhart published in 1825,
phosphate, which on reaching the lungs be- and which have received very general con-
came a per-salt and imparted colour to the firmiition, show that fibrine and albumen
fluid. This idea is quite hypotiietical, and in when pure contain no iron, and tliat the metal
discordance with facts as observed by other exists in considerable quantity in ha-matosine.

chemiste. (0.0. Rces.)
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HAIR. SeeTEGuuENTARY System.

HAND, BONES OF THE, (Human Ana-
tomy.) Tlic liand (;jiij, m«H«.«; h'r. Iiimuin

;

Oerm. die Hand,) is the inferior segment of
tlie upper extremity. Its presence is charac-

teristic of man and the (juadrumana.
Altliougli formed on the same general type,

the hand will be found to exhibit many points

of difference from the fool—characters strongly

indicative of the diversity of use for which it

is designed. Jn examining the skeleton of the

hand, we observe subdivisions analogous to

tliose which exist in the foot—the carpus coi^

responding to the tarsus, the metacarpus to the

metatarsus, and the phulanf^es of tlie fingers in

every way analogous to those of the toes.

Independently of the lightness and mobility

which are such prominent feiUures in the me-
chanism of the hand, when contrasted with
that of the foot, the divergence of the first or

radial finger (the thumb) from the line of
direction of the other four, is peculiarly cha-

racteristic of the hand. Whilst the four fingers,

properly so called, are parallel to the middle
line of the hand, the thumb, when extended,
forms with itan angle of rather more than 45°. To
this position of the thumb is due in the greatest

part the facility of opposing it to one of the

fingers, a movement so necessary in the pre-

hension of minute objects.*

The general form of the hand is oval, the

obtuse extremity corresiwnding to the tips of
the fingers, the unequal lengths of which oc-

casion the curvature in this situation. On its

jjosterior surface or dorsum, the hand is convex
;

on its anterior surface or /xi/m, it is concave :

both tliese surfaces correspond to, and in the

recent state are supported by, the bones of the

carpus and metacarpus.

I. Carpus (Germ, die HariHwurzel). The
carpus bears a much less proportion in size to

the whole hand than the tarsus does to the foot;

it forms scarcely more than one-fourth of the
hand. Its outline is oval, the long axis being
transverse : if examined in a hand to which
the ligaments are attached, tlie carpus will be
found to form the posterior and osseous portion

of an osseo-ligamentous ring, which gives pas-
sage to the tendons of the fingers. It is con-
sequently hollowed from side to side, and is

bounded on each side by a bony ridge, which
gives attachment to the ligament (annular
ligament) which forms the anterior part of the
ring ; on the radial side the ridge is formed by
a process of the os trapezium and of the sca-

phoid ; on the ulnar, where there is a more
prominent ridge, by a process of the unciform
bone, and by the os pisifonne.

Seven bones, arranged in two rows, form
the carpus. The superior row consists of the
OS naviculnrc, os lunare, and os cuneij'ornie,

to which last is articulated a bone, constantly

reckoned as a carpal bone, but which, I con-
ceive, may be more correctly regarded as a
sesamoid bone, the os pisij'orme. The second

* See the prefatory observatioiu to the article
Foot.

or inferior row is formed by the ot trapezium,
OS Irapezoides, os magnum, and os uncif'ormc.

1

.

Os nuviculare (os scaphoidcum ; Fr. te

scaphotde; Germ, das Kahnbein). The na-
vicular or scaphoid is the largest of the upper
row, and likewise the most external. Its su-

perior surface is convex, oval, with long axis

transverse, articular, and is adapted to the

outer part of the carpal articular extremity of
the radius. The hollowed surface, to which it

owes Its name (boat-like), is directed down-
wards and inwards; this is likewise articuhir and
receives the head of tlie os magnum : con-
tinuous with and to the inner side of this

hollow surface, there is a plane one of a semi-
lunar form, with which tlie os lunate is articu-

lated. The scaphoid bone articulates with the
trajiczium and trapezoides, by a convex surface

directed downwards and outwards. Externally
this bone terminates in a pointed extremity
which receives the external lateral ligament of
the wrist-joint and the annular ligament (tuber-
culum ossisnaviculuris, s.eminentia curpiradialis
superior). The anterior and posterior surfaces

of the bone are rough, and give attachment to
the anterior and posterior radio-carpal ligaments.

2. Os lunare, (os semilunare v. lunutum;
Fr. le semilunaire ; Germ, das Mondbein),
situated between the scaphoid and the cunei-
form bones, it presents four articular surfaces

;

an upper one, convex and somewhat triangular

in its outline, articulated with the radius; an
inferior one, very much hollowed fix)m before
backwards (to the crescentic form of which llie

bone owes its name), articulated willi the 09
magnum; an external surface, plane and
square, adapted to the cuneiform bone ; and,
lastly, an internal surface, by which it articu-

lates with the scaphoid.

3. Os cunei/orme (os triquetrum s. pyra-
midule; Tr. te pj/ramidale; Germ, dasdreiseitige
Bein). This bone terminates the superior
carpal row on tlie ulnar side ; its upper surface
is partly smooth, encrusted with cartilage in
the recent state, where it is in contact with the
triangular ligament of the wrist-joint, and
partly rough where it gives attachment to liga-
ments. Externally it articulates with the cunei-
form bone, and mferioily with the unciform
by a large and concave suaface. The inner
half of its anterior surface articulates with the
pisiform bone, and the radial half of the same
surface is rough for ligamentous insertion.

The three bones just described, constituting
the superior row of the carpus when united,
present on their superior asjiect a convex arti-

cular surface which forms the carpal portion
of the radio-carpal joint, the scaphoid and
lunar being articulated with the radius, while
the cuneiform glides upon the triangular carti-

lage of the wrist.

4. Os pisij'orme (from putiim, a pea; Fr.
le pisifonne; Germ, das Erbsenbein). This
little lx)ne projects at the anterior part of the
ulnar extremity of the superior carpal row

;

it forms what some anatomists designate
eminentia carpi ulnaris superior, being part of
the bony ridge already referred to on the ulnar
side of the carpus. The prominence produced
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by this bone is easily felt during life, more
especially during flexion of (he wrist-joint.

It is round every where, except posteriorly,

where it presents a flat circular surface, by
which it is articulated with the cuneiform bone.

This bone is intimately connected with and

as it were inclosed in the terminal portion of

the tendon of the flexor carpi ulniu-is.

5. Os trapezium (os muUnngulum niajus

;

Fr. le trapeze ; Germ, das grouse vitiwinkliche

Beitt). This bone is situated at the radial

extremity of the inferior ciu-pal row, having the

scaphoid above it and the metacar))al bone of

tlie thumb below it. We may describe six

surlaces upon it, four articular and two non-

articular. «. A large articular surface, situated

on the external and inferior aspect of the Ixme.

'Diis surface is for articulation with the rneta-

carfial bone of the thumb : it is somewhat oval

in form, the long axis passing from without

inwards and downwards; in this direction it is

concave, from before backwards it is convex.

The three remaining articular surfaces are on
the internal and su|)erior aspects of the bone.

b. Internally, a very small plane surface,

adapted to a corresponding one on the radial

side of the carpal extremity of the second

metacarpal bone. c. Above the last described

surface and separated from it merely by a slight

ridge, we find one of a somewhat triangular form

and slightly concave, suticulated with the radial

side of the trapezoid, d. Quite on the superior

aspect a small semicircular surface, adapted
to the scaphoid. Of the non-articular surfeces,

one is on the palmar aspect of the bone, and
is easily distinguished by the (jrominent ridge

or tubercle at its outer part, which gives attach-

ment to the annular ligament, (tuberculum,

eininentia carpi rudialis inferior ;) and on the

ulnar side of this ridge a groove in which the

tendon of the Hexor carpi radialis glides. The
second non-articular surface is on the dorsal

;ispect : it is more extensive than the last,

rough and tuberculated, affording insertion to

ligaments.

6. Os trapezoidts (os multangalnm minus

;

Fr. le trapezoidc ; Germ, das Kleine viel-

winkliche Bcin). This is the second bone of
the inferior carpal row ; it has the os trapezium
on its radial and the os magnum on its ulnar
side, the scaphoid above and the second meta-
car|)al bone below it. We describe four articular

surfaces and two non-articular, a. The inferior

one the largest, quadrilateral, much nairower

in front than behind, convex from side to side,

slightly concave from before backwards, is

entirely devoted to articulation with the second
metaciirpal bone. 6. On the radial side, a
slightly convex inirface for the traiiezium.

c. Superiorly a quadrilateral concave surface

for articulation with the scaphoid, d. On the

ulnar side a very small surface, adapted to a

corresponding one on the radial side of the os

magnum. The palmar surface is non-articular,

five-sided, slightly excavated, and rough from

the insertion of ligaments. The dorsal surface,

also non-articular, is of greater extent, con-

vex, and likewise rough.

7. Os tnagnum(os capilatnm ; Vx. k grand

os; Germ, das Kopfbt'm). This bone is, as

its name implies, principally characterized by
its excess in size over the other carpal bones,

and from the number of bones with which it is

connected, it may be regarded as the key-bone
of the carpus. Superiorly it is in the form of

a rounded head (cupitulum), Hattened on the

ulnar side, where it articulates with the unciform
bone. The superior prominent portion of this

head is received into the excavation of the lunar

bone, and by its radial side it articulates with
the inferior hollow surface of the scaphoid.

The inferior portion of the bone is cuboid, and
has been called l/ie bodi/ ; it is rough and con-

vex on its palmar surface, also rough but

irregular on its dorsal, both these surfaces

aflbrding insertion to numerous ligaments.

Inferiorly we notice an extensive articular sur-

face, which is adapted in tlie centre to the

third metacarpal bone, on the radial side to the

second, and by a very small portion on the

ulnar side to the fourth metacarpal bone. On
the ulnar side of its inferior portion it articu-

lates a second time with the os unci forme
by a small circular articular surface, the cir-

cumference of which nearly equals that of the

flat surface of a split pea. Lastly, on its radial

side it articulates with the trapezoid bone.

Thus the os magnum articulates with seven

bones; three metacarpal bones, two carpal

bones in the inferior row, and two in the supe-

rior row.

8. Os uncif'orme (from uncus, a hook, os ha-

matum; Fr. /'os crocliu ou imcijorme ; Germ.
das llakenbcin, oder Keilformigcr Knochen).
Tliis bone luis received its name from that

which allows of its being esisily distinguished

from all tlie carpal bones,-—namely, the hooked
process, which projects from die radial edge of

its palmar surface. This process constitutes a

considerable prominence on the ulnar side of

the carpus (cminentiu carpi ulnaris inferior),

and affords insertion to the annular ligament.

Its concavity looks towards the radial side of

tlie carpus ; the remainder of the palmar sur-

face is rough for ligamentous insertion. The
dorsal surface is likewise rough, convex, and
of considerable extent. This bone articulates

inferiorly with the fourth and fifth metacarpal

bones, on its radial side with the os magnum, and
on its superior surface with the cuneiform Iwue.

Structure of the carpal bones.—These bones

are chiefly composed of the reticular osseous

tissue, to which tlicir extreme lightness is attri-

butable, the surface being invested by a thin

layer of compact texture, in this respect per-

fectly resembling the bones of the tarsus.

Devclopemcnt

.

—The carpal bones are very

late in their develoiiement ; at birth they are

completely cartilaginous. According to Cru-
veilhier, each bone is developed by a single

point of ossification. The os magnum and os

unciforme are the first in which the ossific pro-

cess commences, about the end of the first

year; between the third and fourth years it

begins in the cuneiform, a year later in the

trapezium and lunar, and between the eighth

and ninth years in the scaphoid and trapezoid

bones. The ossification of the pisiform does
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not begin IHI between the twelfth and liflcenth

years, and C'ruveilhier states that of all llic

bones of the skelt;ton it is the last in which the

process of ossification is completed.

II. Ulettiairpus (Germ, die Mitlelhund).

Five hones constitute the metacarpus, the four

internal ones being parallel to each olher, the

external one diveri;ini; outwards at an acute

angle with the middle line of the hand. Tliese

bones vary in length from about two inches and

a half to one inch six-eighths. They articulate

inferiorly with the superior or metacarpal plia-

langes, and superiorly with the carpus.

Each nietacarjial bone presents two extremi-

ties, and a shaft or body between them. The
iupcriur or eariml extremity is ex|>anded and

wedge-shaped, the broader part benig towards

the dorsal aspect. Three articular suriitces

exist on each ; one, the most extensive, on the

superior or carpal surface, for articulation with

a carjjal bone ; the other two on the radial and
ulnar surfaces, adapted to the adjacent meta-

carpal Ixjrie or to a carpal bone. The palmar

and dorsal surfaces are rough and irregular,

and afibrd insertion to the ligaments which
strengthen the carpo-melacirpal joints. The
inferior or digital extremity is in the form of a
rounded head, flattened on each side, where
we notice a depression, and behind it a tubercle

which aflords insertion to the lateral ligament

of the joint. The smooth articular surface of

the head extends further upon the palmar sur-

face of the bone than upon its dorsal surface,

or, as in the case of the metatarsal bones, more
on the side of Hexion than on that of extension.

The shaft or biidii is prismatic and slightly

curved, so as to present a concavity towards the

palmar surface, and a convexity to the dorsal.

The metacarpal bones are numbered from

without inwards. The first, or that of the

thumb, is the shortest of all and likewise the

thickest. Its carpal extremity will likewise

serve to distinguish this bone; it wants the

cuneiform shape, and is rather wider on its

palmar than its dorsal surface. It has no arti-

cular facets on its sides, being luliculated with

the trapezium alone by means of a surface

which is concave from before backwards, and
convex from side to side ; the body of this bone
is Hatter on its palmar and dorsal surtaces than

any of the others.

The second metacarpal bone is the longest

;

it, however, exceeds the third by a very slight

difference. It is further distinguished from the

third by the diminutive size of the articular

facet on the radial side of its carpal extremity.

TIk^ third metacarpal bone, though shorter

than the second, is manifestly thicker and
stronger; this excess of developement being

attributable to its affording insertion to one of

the most jiowerful muscles of the hand,

—

namely, the adductor pollicis.

The J'oitrth and fij'lh metacarpal bones are

shorter and in every way smaller than the pre-

ceding ones. The filth is shorter and somewhat
thickci than the fouvtli : it hius no articular facet

on the ulnar side of its cirpal extremity, but

pieM'iits a prominent tiil>eicle in that situation

(01 the inseitiou of the extensor carpi ulnaris.

Hie structure of the inctacarpal bones is the

same as that of the long bones in general.

Develupement. — There are two [)oints of

ossification for each metacarpal bone, one for

the body and the carpal extremity, the other

for the digital extremity. The first metacarpal

bone, however, according to Cruveilhier, offers

an exception to this, inasmuch as its carpal

extremity is developed from a point of ossifica-

tion distinct from that of the body. In some
instances there are three points of ossification

for each metacarpal bone. ITie bodies of the

metacarpal bones are completely ossified at

birth. Between the second and third years

appear the points for the inferior extremity in

the four inner bones and the su])crior extremity

in the first, but the complete fusion of the

extremities with the shafts dues not take place

till near the twentieth year.

HI. Fingers (digiti; ¥t. les doigta ; Germ.
die Finger). The fingers differ strikingly from

the toes as regards their length, to which, in-

deed, is due their greater mobility. They are

numbered in proceeding from the radial to the

ulnar side of the hand. All except the thumb
are composed of three phalanges, the superior

or metacarpal, the middle, and the inferior or

ungual : in the thumb the middle |)halaiix is

absent. The fingers differ considerably in length;

the thumb is by for the shortest, and the middle
finger is the longest. Next in length is the

ring finger, then the index, and last and least

tlie little finger.

The mt7arnr;>a/ phalanges have the following

general characters:— 1st, a body slightly con-
cave from above downwards on the palmar
surface, and convex on the dorsal ; 2d, a supe-

rior or metat-arpal extremity more expanded
than the inferior, hollowed into an articular

surface for the head of the metacarpal bone

;

and 3d, an inferior extremity, having a pulley-

like surface for articulation with the middle
phalanx. The metacarpal phalanges are the

longest.

The middle phalanges present the same cha-

racters as the (weceding as regards tlie body.

The su))erior extremity has a pulley-like articu-

lar surface, convex transversely ; that of the

inferior extremity being concave in the same
direction.

The ungual phalanges are readily distin-

guished by the inferior or ungual extremity,

which isrougli, non-articular, horseshoe-shaped,

with the convexity directed downwards. It is

this fiart of the bone which supports the nail.

The superior extremity is articulated with the

middle phalanx by a pulley-like surface, con-

cave transversely. The ungual phalanx of the

thumb is considerably larger than that of any
of the other fingers.

In point of structure and developement die

phalanges scarcely dift'er from the metacarpal

bones. There are two points of ossification,

one for the body and inferior extremity, the

other for the superior extremity. This last is

laic in making its appearance, not until between

the third and seventh year, while the ossitica-

lion of the iHxly commences at an early period

of iutra-utenne life.
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Althougli thu perfect preliensile Imiid is pecu-

liar to man and the (iuadrumana, tlie inlerior

segment of tlie anterior extremity will be found

to possess many interesting analogies tlirough-

out the mammiferous series. On this point we

refer to the articles Osseous System (Comp.

Anat.) and Skeleton.
JOINTS OF THE HAND.

Joints of the carpus.—The bones consti-

tuting each row of the carpus are firmly con-

nected by strong ligaments, so that tlieir com-

bined surfaces form one extended surface

adapted to the radius, or to the metacarpus, or

to each other. Thus the union of the superior

articular surfaces of the upper carpal row con-

stitutes the convex surface that contributes to

the formation of the wrist-joint, whilst the

united inferior articular surfaces of the same

row are adapted to the united superior surfaces

of the inferior carpal row. Again, the inferior

articular surfaces of this last row enter into the

formation of the carpo-raetacarpal joints.

The several articulations of each row are

strengthened by two sets of ligaments, one on

the palmar, the other on the dorsal surface of

the joints, palmar and dorsal ligaments ; they

extend transversely from one bone to the other.

The palmar ligaments are considerably stronger

than the dorsal. The synovial membranes
which exist in these small articulations are

merely offsets from the large synovial mem-
brane which is interposed between the two

rows of the carpus.

In the articulation between the scaphoid and

lunar bones, as well as in that between the

lunar and cuneiform, we observe a remarkable

fibro-cartilaginous lamina interposed in the

whole extent of each articulation from before

backwards, although not extending over the

entire articular surfaces. These lamintE are

readily seen on opening the radio-carpal joint

ill the interval between the bones above men-
tioned ; they are attached to the palmar and

dorsal ligaments by their anterior and posterior

extremities. When dissected out they will be

found to be wedge-shai^ed, the thick edge being

directed towards the wrist-joint, and adherent

to the synovial membrane of that joint. Tliese

lamina! are described by most anatomists as

ligaments, under the name of interosseous liga-

ments. Of their fibro-cartilaginous nature,

however, 1 have no doubt from repeated and

careful examinations; they may tlieri;fore be

more correctly denominated interosseous jil)ro-

cartiluges. Feeble interosseous ligaments exist

on either side of the os magnum between it

and the unciform on one side, and the trapezoid

on the other; they are best seen when these

bones are torn from each other.

Articulation of the two rows of carpal bones

to each other.—The superior articular surfices

of the four bones composing the inferior carpal

row are adapted to the inferior articular surfaces

of the scaphoid, lunar, and cuneiform bones.

The head of the os magnum and the superior

articular surface of thu unciform bone form a

prominent convexity, which is received into a

deep concavity formed on the ulnar side liy ihe

cuneiform bone, on the radial side by the

scaphoid, and in the centre by the lunar bone;

whilst external to the projection of the os mag-

num, a superficial oblong concavity receives the

convexity on the inferior and outer surface of

the scaphoid. Thus the line of this articulation

has somewhat of the course of the roman S
placed horizontally, v>. That part of the arti-

culation which is to the ulnar side, then, par-

takes more of the nature of enarthiodia or ball

and socket joint, while that to the radial side

is arthrodia with almost plane surfaces.

This articulation is strengthened in front by
an anterior or palmar ligament which is of

considerable strength and thickness. Most of

the fibres of this ligament are attached inferiorly

to the palmar surface of the os magnum,
whence they diverge to be inserted into the

scaphoid, lunar, and cuneiform bones; some
few fibres extend from the trapezoid and trape-

zium to the scaphoid, and from the unciform

to the cuneiform. Behind we find a chn-sal

ligament, also strong, although much less so

than the palmar. This ligament extends

obliquely from the bones of the first row to

those of the second, but is stronger on the ulnar

than on the radial side. The extent and con-

nexions of both these ligaments are best seen

when the joint is opened, by cutting through

the dorsal ligament to view the palmar, and

vice versa. The ligaments called lateral by

some anatomists are merely the continuation of

the lateral ligaments of the wrist-joint ; nor do

those described by Cruveilhier under the name
of glenoid ligaments deserve to be separated

from the anterior and posterior, of which they

constitute that portion most intimately connected

with the anterior and posterior notches of the

hollow cavity in which the head of the os mag-

num is lodged.

In opening this joint in the manner already

described, it will be seen how extensive is its

synovial membrane. It extends some distance

on the palmar and dorsal surfaces of the neck

of the OS magnum, and sends two jirocesses

between the bones of the first row (between

the scaphoid and lunar, and the lunar and

cuneiform), and three processes between those

of the second row, (one on each side of the

OS magnum,) and one between the trapezium

and trapezoid.

Motions of the carpal articulations.-—An
examination of the dissected carpus will at

once show how limited are the motions between

any two of the carpal bones of each row. The
movement of one row upon the other, however,

is more extensive, but only in the direction of

flexion and extension, the former being con-

siderably greater in consequence of the less

resistance of the dorsal ligaments. Solidity

and strength, a power of resistance to violence

which might easily occasion fracture, were the

carpus one solid bone, are gained by the num-
ber of small bones of which it is composed,
the arthrodial form of its articulations, and the

strong ligaments by which the motions of these

joints are restricted.

Articulation of the pisiform bone.— The
pisiform bone is so little connected with the

mechanism of the carpus that its articulation



BONES OF THE HAND. 509

wilh the cuneiform bone demands a separate

coiisidcnition. A plane oval surfiice on the

posterior part of tlie pisiform is articulated

with a corres()OMding; one on the jKilmar aspect

of the cuneiform, and several stroni; ligaments

strengthen the joint. Two lateral ligiiments

pass from the pisiform to the cuneiform bone,

the internal, which is also anterior, being of

considerable strength. This bone is further

connected to the unciform by strong ligament-

ous fibres; and a strong bundle, which bears the

same relation to the tendon of the Hexor carpi

ulnaris as the ligamentum patella; does to the

tendon of the rectus femoris, extends to the

carpal extremity of the tiflli metacarpal bone.

n>is joint is provided with a loose synovial

membrane; its motions are those of gliding

in the directions of the axis of the articular

surfaces.

Carpo-metacarpal joints.—These are very

strong articulations, and, wilh the exception of

the first and fifth, enjoy a very limited extent

of motion. The four internal ones are nearly

planiform arthrodia;, restricted on the palmar
and dorsal surfaces by strong and short liga-

ments (palmar and dorsal ligaments), the latter

being much better developed. Tlie second

metacarpal bone is articulated with the trapezoid

in an extremely firm manner : its palmar liga-

ment extends from the extremity of the meta-
carpal bone to the trapezium internal to the

ridge, and covered by the tendon of the radial

flexor of the wrist. There are three dorsal

ligaments, an external attached to the trajiezium,

and an internal to the os magnum. These two
ligiimeiiLs are oblique in their direction; the

third or middle one is vertical and attached to

the trapezoid. ITic third metacarpal bone is arti-

culated with the OS magnum : here we find

three strong na/;nar ligaments, an external one
which extends obliquely outwards to the trape-

zium, an internal one which passes in front of

the carpal extremity of the fourth metacarpal

bone, adhering to it, and inserted into the

unciform and the fifth metacarpal bone, and a
middle one which passes vertically to die os

magnum. Tliis joint luis two dorsal ligaments,

both inserted into the os magnum. The fourth
metacarpal bone is articulated with the radial

portion of the inferior aiticular surface, and
with a very small portion of the os magnum

;

it has a single palmar and dorsal ligament.

The Ji/'th metacarpal bone is articulated with

the outer part of the inferior surface of the

unciform ; this surface is convex transversely

and concave from before backwards, while that

on the metacarpal bone is convex from before

backwards and concave transversely. The
proper ligaments of this joint are very feeble,

being merely a few fibres attached to tlie ante-

rior and posterior surfaces of the synovial mem-
brane. The joint, however, is protected in

front by the prominence of the unciform pro-

cess, which descends a little below the line of
the articulation, and limits the forward motion
of the carpal extremity of the bone ; and pos-
teriorly it is strengthened by the tendon of the

extensor carpi ulnaris, while its motion ulnad
is restricted by the strong internal palmar liga-

ment of the third metacarpal bone, which we
have already described as passing from that

bone to the fifth metacarpal and the unciform

bones. The fifth carpo-inetacarpal articulation

approaches in many particulars to the first; it

has a greater latitude of motion than the three

immediately preceding it, and its articular sur-

faces very much resemble those of the first.

Besides the palmar and dorsal ligaments

already described, these raclarcarpal bones are

very firmly connected to each oUier by short

but strong ligaments, extending transversely

from one to the other on the palmar and dorsal

asjiects.

A common synovial membrane extends

throughout tlie four joints above described

;

this synovial membrane is continuous wilh that

between the two rows of carpal bones.

The digital extremities of the four inner

metacarpal bones are connected by their trans-

verse lig.iments situated at the palmar surltice

and extending from one to the other.

Curpo-metucurpul joints ti/' the thumb.—Tlie

main feature by which this articulation is dis-

tinguished from the other carpo-metacariial

joints is its great mobility. It is an arthrodia,

and in many particulars resembles very much
the sterno-clavicular joint. The trapezium

presents a surface concave from within out-

wards, and convex from before backwards,

that on the metacarpal bone being convex in

the transverse, and concave in the antero-pos-

terior direction.

The ligamentous apparatus of this joint has

very much the apj)earance of the capsular

ligament of an enarthrosis, and has indeed

been described as such by many anatomists

;

but on a careful examination it will be found

to consist of separate bundles of ligament

placed at those situations in which the greatest

tendency to displacement exists in the various

motions of the joint. Four principal bundles
may be described : one very thick and strong,

situated at the posterior and outer part of the

joint, (lig. donate, Weitbr.) extending from
the metacarpal bone to a prominent tubercle

on the outer part of the dorsal surface of the

trapezium; this ligament limits flexion of the

joint. A second ligament is situated directly

in front of the joint, (lig. palmare, Weitbr.)

is inserted into the trapezium immediately
intenial to its prominence; extension is limited

by this ligament. The third and fourth bundles
(lig. laterule ext. et int. Weitbr.) are situ-

ated on the radial and ulnar sides of the joint

:

they are less distinct as well as less strong than

those last described. That on the ulnar side

is considerably the stronger; it limits abduc-

tion of the thumb, whilst tliat on the radial

side limits adduction.

The synovial membrane of this joint is lax

;

it is perfectly distinct from the general syno-

vial membrane of the other carpo-metacarpal

articulations.

Motions of the carpo-metacarpal joints.—
In the second, third, and fourth joints the

motions are limited to a very slight, and during

life scarcely appreciable gliding forwards or

backwards : the strong transverse ligaments,
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as well as the close manner in which the carpal

extremities of the metacarpal bones are im-

[racted together, render lateral motion iniiws-

sible; in the fifth joint the forward or back-

ward motion is somewhat more extensive, but

this joint is equally hmiled witli the others in

lateral movement.
The carpo-metacarpal joint of the thumb

enjoys motion forwards, backwards, inwards,

and outwards, producing the movements of

flexion and extension, abduction and ad-

duction. The power of opposing tlie llnunb

to any of the lingers is due to tlie oblique

direction of Hexion in this joint : the Ijone

moves forwards and inwards, passing throngli

a line which would be concave inwards. This
is by far the most extensive motion of the

thumb, and it is by an excess of this motion
that the dislocation of the metacarpal l)one

backwards is generally occiisioned. (ruveil-

hier observes that the weakness of the posterior

ligament favours the occurrence of this lux-

ation. I cannot, however, admit tlie weakness
of this ligament ; on the contrary, it appears

to me to be the strongest of all the ligaments
of this joint ; which ojjinioti, I find, is that of
the accurate Weitbrecht.

The motion of adduction is, on the other

hand, the most limited, in consequence of the

proximity of the second metacarpal bone; that

of abduction is very extensive, and when car-

ried too far may occasion luxation inwards.

JOINTS OF TUE IINGF.RS.

1. Metucurpo-phutimgeul jninls.—The first

phalanges are articulated by an oval concave
surface, with the rounded oblong heads of the

inferior extremities of tlie metacarpal bones

:

it is remarkable that the long axis of the oval

concavity of the phalanx has a transverse di-

rection, while the long axis of the head of the

metacarpal bone is directed from before back-
wards, and consequently at right angles with
the former ; whence the great extent of lateral

motion enjoyed by these joints.

Jiach of these joints is strengthened by two
lateral ligaments, of considerable strength,

inserted into the tubercle behind the depression
on each side of the he;id of the meUicarpal
bone ; the j)oint of insertion into the [ihalanx

is anterior to this, and consequently the direc-

tion of the lateral ligaments is downwards and
forwards; as they descend, these ligaments
spread out, and their anterior fibres become
identified with the anterior ligament.

A third ligament, the anterior ligament, or
glenoid ligament of Cruveilhier, seems des-
tined more to increase the extent of the pha-
langeal articular concavity anteriorly, than to

maint;iin the integrity of the joint or limit its

motions. This ligament is, as Hichat expresses
it, a thick and dense fibrous bundle, in shape
half a ring, placed in front of the palmar sur-

face of the head of the metacarjial bone, com-
posed of transverse fibres which adhere in-

feriorly to the anterior edge of the concavity

on the phalanx, and on each side are identified

with the lateral ligaments and the transverse

ligaments by which the metacarpal bones are

connected. If the liganients and synovial

membrane of this joint be cut all round close

to their attachment to the head of the meta-

carpal bone, and that bone be removed, the

synovial capsule and ligaments remaining at-

tached to the phalanx, a very clear idea of the

relative positions of the lig-aments may be

formed. The synovial membrane will then

appear protected on three sides by ligament;

on the radial and ulnar side by the lateral

liganients, and in front the anterior ligaments,

whilst posteriorly it is unprotected save by the

sheath of the extensor tendon.

In the metacarpo-phalangeal articulation of

the thumb two sesamoid bones, developed in

the substance of the anterior ligament, jirotect

the joint in front.

2. I'liulungeul joints.—These joints arc all

ginglymoid, the articular surfaces being pul-

ley-like ; they are provided with lateral liga-

ments similar to those of the nielacarpo-pha-

langeal joints, and also with anterior ligaments

similarly disposed.

Motions iif' the joints of the fingers.— In
the phalangeal joints these motions are only
flexion and extension ; the former are con-
siderably more extensive, and are favoured by
the inferior insertion of the lateral ligaments

being on a plane anterior to their superior

insertion. In addition to flexion and exten-

sion the metacarpo-phalangeal joints enjoy con-

siderable lateral motion, which is due to the

glenoid form of the phalangeal articular sur-

face, and to the eiiarthrodial form which the

joint derives from the extension of that arti-

cular surface by the anterior ligament.

(R. B. Todd.)

HAND.ABNORMAL CONDITIONS OF
THE. Deviations from the normal condition

of the diflerent structures which enter into the

comjxisition of the hand are very numerous,
and may be classed into those which are the

result of, first, accident; second, disease;

third, congenital malformation.

I. ABNORMAL CONDITIONS, THE RESULT OF
ACCIDENT.

Fractures and luxations. — Simple frac-

tures of the bones of the hand are seldom
followed by any notable detbrmity ; but lux-

ations of these bones recjuire from us some
attention here.

iMjcution of the bones of the carpus.-—The
bones of the carpus are united to each other so

solidly, and their movements seem .so limited,

that, without experience, we should be dis-

posed to pronounce luxation of any of these

bones impossible ; nevertheless, the head of
the OS magnum may be dislocated from the

cavity formed for it by the scaphoid and semi-

lunar bones. The first range of the bones of

the carpus is articulated with the bones of the

second range in such a manner that slight

gliding movements of flexion and extension of

the hand are permitted, which augment a little

the movements of Hexion and extension of
the hand upon the forearm, and add some-
what, as Cruveilhier says, to the grace of the

movements of this portion of the upper ex-
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tiemity. In flexion, llie head of ihe os mag-
num, wliicli is somewliut inclined backwards,

raises up tlie tl>in capsule wliich surrounds its

articulation, and, if tliis movement be carried

very far, the capsule and accessory fibres which

support the bone posteriorly are broken, and

the OS magnum esca[ies from the cavity in which

it IS naturally jilaced ; the dislocation cannot

be called complete, yet the os magnum jKisses

itomewhat tlie level of llie posterior surface of

the other bones of the carj)us. The accident

is more common in women than in men, no
doubt because the ligaments are weaker and
the bones enjoy greater motion in tlie former

than ill the latter ; the luxation backwards of

the OS magnum, the only one which can occur,

is always the result of a forced and violent

flexion of the wrist, such, for example, as a

fall on the back of the hand would produce.

We recognize the luxation of tlie os mag-
num by the history of the accident, and by the

deformity produced. We perceive a hard cir-

cumscribed tumour which has suddenly ap-

peared oil tlie back of the hand in the situation

which corresponds to the head of the bone.

This tHinour becomes more prominent when
the hand is flexed, and diminishes when it is

extended ; we can make it disappear entirely

by a slight compression. This luxation causes

but little inconvenience, but the head of tlie

OS magnum always remains mure salient when
the hand is flexed, and forms a tumour more
or less marked according to the extent of the

displacement.

We can easily reduce this luxation by ex-

tending the hand, or by exercising a slight

pressure on the head of the os magnum ; but,

although it is easy to make the bone resume
its position in the cavity formed for it by the

sca|>hoid and semilunar bones, it is very dif-

ficult to maintain it Uicre, and tlie inconve-

nience and deformity resulting from the luxation

are so trivial that few persons will submit witli

patience to the means usually recommended.
Luxation of the bones of tlit mtlacurpia.—

Jjuxulion oj' the metucarpal bone of the thumb.

The carpal head of the metacarpal bone of the

thumb, notwithstanding tlie range of motion it

eiijojs, is rarely dislocated. Sir A. Cooper, in

his extensive experience, has seen but one S[>e-

cies of this accident, viz. luxation of the meta-

carpal bone of tlie thumb upon the os trapezium,

inwards. " In die cases I have seen of this

accident," says Sir Astley, " the metacarpal

boi»e has been thrown inwards between the tra-

pezium and Uie root of the metacarpal bone of

the fore-finger; it forms a protuberance towards

the palm of the hand; the thumb is bent back-

wards, and cannot be brought towards the little

finger: considenible pain and swelling are pro-

duced by this accident."

Luxation of the carpal head of the meta-

carpal bone of the thumb backwards. Some
surgeons seem tu duvibt diat the metacarpal

bone of the thumb is caiablc of being dis-

located in any other direction than tliat in-

wards; but the following case is given on the

highly respectable authority of the experienced

Boyer. Madame De la P luxated the

metacarpal bone of her left thumb backwards

on the dorsum of the trapezium by falling on
the external or radial border of her hand ; the

luxation was at first mistaken. When Hoyec

saw it six months after the accident, Uie su-

perior extremity of tlie metacarpal bone of the

thumb formed posteriorly a very remarkable

prominence on the trapezium, and this bone

and the phalanges of the thumb were inclined

towards the palm of the hand. On pressing

posteriorly on the prominence forme<{ by the

sujierior extremity of the dislocated bone, it

could be made to resume its natural place and
the prominence disappeared ; so long as the

pressure was continued, the bone retained its

place and the thumb enjoyed its natural powers

of flexion and extension ; but as soon as the

pressure was remitted, the bone became dis-

placed anew, and the movements of the thumb
impossible. The lady was unwilling to sub-

mit to any treatment, and the condition of the

joint remained unaltered. These luxations of

the metacaqrat bone of the thumb, whether
backwards or inwards, must be rare, as the

causes which are calculated to produce them
must act through the first phalanx of the thumb,
which, it is manifest, will be much more dis-

posed to yield than the metacarpal bone.

Luxation of the p/uilungcs of the fingers.—
The first phalanx of the thumb as well as the

first phalanx of any of the fingers may l>e

luxated backwards; the luxation /bnoards of
the phalanx is very rare and perhajM impossible,

except in tlie index finger and the thumb.
The mutual support which the first pha-

langes of the fingers afford each other laterally,

and the strength of the lateral ligaments render

the luxatiim outwards or inwards very diflicult.

Lujpations of thefirst phalanx of the thumb
from the metacarpal bone. The first phalanx

of the tliumb may be luxated forwards to the

palmar surface of the metacarpal bone, but
this form of luxation is very rare, while the

luxation of the same phalanx on the dorsum
of the metac^arpal bone is the most common
and important displacement of any to which
the bones of the hand are liable. We sliall

therefore consider this accident in detail.

In some persons the first phalanx of the

tliumb can at will be dislocated backwards,
solely by the contraction of tlie muscles. The
displacement produced by accident, however,
is much more extensive than this, which may
be termed tJ>e voluntary luxation. When the

first phalanx of the thumb is iu a state of
extreme extension, accident may dislocate it

on the dorsum of the metacarpal bone. The
signs of the injury are so evident that mistake

appears impossible; the first phalanx is thrown
back as if pulled by its two extensors, and
forms nearly a right angle with its metacarpal

bone (fig. 226) ; the head of the latter forms

a remarkable tumour at the anterior part

or palmar aspect of the articulation, while

a prominence behind points out the situation

of the base of the first phiJaiix : the last or

distal phalanx is (in recent cases) flexed, and it

soon becomes difficult or impossible to extend
it, or to flex the first phalanx.

I
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Fig. 22G.

Luxation of the^rst phalanx of the thumb on the hack

of the metacarpal bone.

Anatomical characters of this accident. Op-
portunities of ascertaining by dissection the

actual condition of the parts when luxation

backwards of the first phalanx of the thumb
has recently happened, of course do not occur,

but from the dissection of old unreduced in-

juries of this kind,* and from experiments on
the de^d subject, we are led to infer that the

immediate effects of the injury are, extensive

laceration of the anterior jjart of the synovial

membrane, and of one or both the lateral liga-

ments, while the posterior portion of the cap-

sule remains entire ; the base of the first pha-

lanx is dragged to a considerable extent upon
tlie dorsum of the metacarpal bone, elevating

with it the tendons of the extensor primi and
secundi internodii poUicis ; the tendon of the

flexor pollicis longus is carried inwards and
under the head of the metacarpal bone. As the

extensor ossis metarcarpi and opponens pollicis

are not attached to the first phalanx, they are

little affected by the luxation, but the con-

dition of the three remaining muscles which
are inserted into the base of the first phalanx

requires consideration. These short muscles

are the abductor pollicis, the flexor pollicis

brevis, and the adductor pollicis.

When the dislocation backwards of the first

phalanx of the thumb has occurred, the large

head of the metacarpal bone is at the same
time thrown inwards towards the palm, and
having forced its way between the two origins

of the flexor pollicis brevis, the shaft of this

bone, which is comparatively much narrower

than the head, becomes tightly embraced by
the two fleshy columns of the muscle. This
is a state of things which should be taken into

account when the obstacles to the reduction of

this dislocation are considered, nor should it

be forgotten that the direction and relative

position of the points of attachment of all the

muscles concerned must be altogether changed
when the complete luxation has occurred;

their origins and insertions are more than na-

turally approximated, and the line of direction

of their action is thrown much behind the

• Sec London Medical Gazette for Oct. 14, 1837,
J. A, Lawrie, Glasgow.

longitudinal axis of the metacarpal bone ; the
tendons of the extensor primi and secundi
internodii, and of the flexor pollicis longus are

of course carried by the dislocated bone behind
their usual line of action ; hence the action of
all these muscles, after the luxation has oc-
curred, becomes materially altered, their con-
traction will no longer be resisted by the lateral

and capsular ligaments, and the bone will

be drawn upwards and backwards by them,
a considerable distance on the dorsum of
the metacarpal bone (fi^. 226). The flexors

have their direction so altered and so thrown
behind the longitudiual axis of the metacarpal
bone of the thumb, that they now no longer

act as flexors of the first phalanx to approxi-
mate it to the palm ; on the contrary, they now
have become extensors of the dislocated pha-
lanx, and tend much by their contraction to

increase the deformity.*

This dislocation is difliicult to reduce, par-

ticularly if the nature of the accident have not
been speedily recognized. Various causes have
been assigned for the opposition to the return

of the bone ; some think with the late Mr. Hey
of Leeds, that a transverse section of the head
of the metacarpal bone presents in its outline

somewhat of a cuneiform figure ; and that,

in consequence of the narrowest part of the

wedge being thus placed anteriorly, it can
easily under the influence of accident glide

towards the palm by passing between the

lateral ligaments which remain unbroken, and
resist all return of the bone backwards to its

original situation. Others imagine that the

interposition of the anterior ligament and
sesamoid bone attached to it between the arti-

cular surfaces constitutes the principal ob-

stacles to the reduction of this luxation. Again
it has been asserted that the tendon of the

flexor longus pollicis has been twisted spirally

under the metacarpal bone, while some with

more appearance of truth have supposed that

the muscles are the principal sources of re-

sistance. The learned author of the First Lines

of Surgery has expressed his opinion that the

return of the dislocated phalanx to its place is

opposed by a combination of causes, viz.

—

the cuneiform shape of the bone and the re-

sistance of the lateral ligaments, as suggested

by Hey, the force of the muscles, and, lastly,

he adds, because the surface for the applica-

tion of the extending means is very Imiited.

To most of these observations we have reason

to object, particularly to the last, because we
believe that all the force which it is justifiable

to use may be easily applied ; and we should

* In the experiments made by my colleague Mr.
Mayne and myself on the dead subject, when we
forcibly dislocated the first phalanx backwards, we
found the anterior part of the synovial membrane
and the external lateral ligament torn across ; the
first phalanx was placed as in Jig. 226. We found the

head of the metacarpal bone driven between the two
heads of the flexor pollicis brevis in such a way,
that the external head of the muscle was placed
upon the outside of the shaft of the bone in com-
pany with the abductor pollicis, while the internal

was situated at the inside of it, along with the ad-
ductor and long flexor teodoo.
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ever keep in mind a case given on ihe uutliorily

of Mr. Hey, who infonns us thai tlie ceh-biated

Mr. liloomtield re[)orted to his class of pupils
at St. George's llo.spital, London, that he knew
a surgeon increase the force of extension to

such a degree in attemptni^ reduction of this

dislocation, that he tore off the thumb at the

second joint.

The idea that a transverse section of the head
of the metacarpal bone presents an outline of a

cuneiform figure with the narrowest part of the

wedge towards the palm, or forwards, was first

advanced by Mr. Hey, and has subsequently
been adopted with too little reflection by many
writers: for our part we do not think that the

head of the metacarpal bone does present this

form assigned to it by Hey. But even al-

though it be conceded that it has occasionally

a form which would answer to the dcscri|)tion

given by Mr. Hey, and that its cuneiform
figure would facilitate its gliding between the

lateral ligaments and forbid its return, surely

such an obstacle to the return of the bone
would suppose a state of integrity of both
lateral ligaments. In our experiments on the

dead subject, we found one of these lateral

ligaments invariably torn whetiever a complete
luxation was effected ; but with the theory of
Hey, which seems to us quite unsupported by
the normal anatomy of the bone or the anatomy
of the accident, how can we reconcile the

observation, that when the first phalanx of the

thumb is dislocated to the palmar instead of
the dorsal aspect of the metacarpal bone, equal
difliculty of reducing the luxation has been
experienced by very eminent surgeons • For
example, V'el|)eau says, " we have seen but
once the first phalanx of the thumb pass in

(out of the first metacarpal bone. The sub-
ject of this accident was a woman aged forty-

five years ; the bone had been out for three

days, there was no inHamraation." I thought,
says V'elpeau, " that it was owing to some want
of skill in myself that I could not succeed in

reducing the luxation; but M. Professor Bou-
gon al.so made fruitless efibrts to effect it;

finally, M. Koux, with his well-known address
and ingenuity, was not more successful, and
the bone remained ever afterwards unre-
duced."*

Upon the whole it would appear to us that

in the case of the dislocation of the first pha-
lanx of the thumb on the dorsum of the tnet;i-

carpal bone, the cause of the difficulty we ex-
perience in reducing it will not be found either

ill the mechanical resistance of the lateral liga-

ments or in the interposition of muscular or
fibrous parts between the extremities of the
dislocated bones, but that, whether the luxa-
tion be the common one backwards or the
more unusual one (oiwards, tUevital contractiim
of numerous muscles on a small and yielding
bone (whose ligaments have been lacerated)

will be the principal opposing force we have to

contend with. Most of these muscles will be
found to be favourably circumstanced for the

* Vflprau, Traite d'Analomie Jes Regions,
torn. i. p. 475, edit. 1825.

opposition, for tliey are eitlier inserted into or

attached very close to the bones of the first

phalanx of the thumb: they are six in number;
some of them are of considerable length, and
the aggregate force of both long and short

muscles constitutes a very powerful means of
maintaining displaced the first phalanx of the

thumb ; nor should it be forgotten, in estimat-

ing their force,that the very large supply of blood-
vessels and nerves which these muscles receive,

must add much more to the energy of their

contraction than the size and number of their

composing fibres would lead us to suppose.
If such a view of the abnormal condition

of the different structures which compose this

articulation be correct, we should derive from
it the important practical precept, that when
we have one of those difficult cases to contend
with, our first effort should be to reduce, as
much as practicable, the irritability and vital

force of the muscles which act on the dis-

located bone before any of our mechanical
appliances be resorted to. When the general
system of the patient has been under the de-
pressing influence of the usual means, viz.

tartarized antimony, &c., and under these fa-

vourable circumstiuices the surgeon has with
patience and perseverance used all the force

that he deems expedient or justifiable, and has
not succeeded in replacing the bone, our expe-
rience would induce us to recommend that in

such a case no further measures should be had
recourse to. We have, in the museum of the
Richmond Hospital, a cast of the hand of a
man who had suffered this luxation sixteen

years before the cast was taken. The history

he gave the writer was briefly that he consulted
an eminent surgeon, who used all the means in

his power to reduce the dislocation, but could
not succeed; that the surgeon then projKised
to the man an operation which he explained,
and which from the patient's description of it

we may conclude consisted in laying bare the
head of the metacarpal bone and removing it,

as had been about that lime recommended by
Mr. Evans, of Kettley near Wellington; the
man, however, refused to consent to the pro-
posal, and had good reason to be content willi

his own determination, as he can now oppose
the point of the thumb to the odier fingers, and
can follow his business, which is that of a plas-

terer, with very little inconvenience, affording

us a proof that the advice given by Sir A.
Cooper relative to irreducible dislocations of
the metacar|)al bone, may be well extended to

the common dislocation backwards of the first

phalanx, viz. " that if the bone cannot lie re-

duced by simple extension, it is best to leave

the case to that degree of recovery which nature
will in time produce, rather than divide the

muscles or run any risk of injuring the nerves

or the bloodvessels."

The first phalanges of any of the other fin-

gers may be luxated backwards. The little

finger appears to us, after the thumb, the most
liable to tliis accident; it is sometimes difficult

to reduce. Mr. Komer, a p^pil of the Rich-
mond Hospital, lately brought to the writer a
patient who was the subject of luxation of the

2 M
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first phalanx of the little finger on the back of

its metacarpal boue. This patient was a female

about thirty-five years of age ; the bone had

been only a few hours luxated, and some inef-

fectual attempts had been previously made to

reduce it. The reduction was effected with

some little difficulty by at first increasing the

extension, and then by forcibly flexing the last

phalanx. In this case the long extensor tendon

of the little finger was displaced from its sheath

and groove, and lay on the ulnar side of the

metacarpal bone and luxated phalanx, and
never af\erwards could be maintained m its

proper place. This accident is very easily re-

cognized, yet it has been occasionally left un-

reduced.

It has been stated already that luxation of

the ?rst phalanx of the thumb forwards may
occasionally happen, and we have also good

authority for supposing that a similar luxation

may occur to tlie phalanx o*" the index finger.

These accidents, however, are very rare ; the

middle, ring, and little fingers have never been
seen thus displaced ; indeed, Boyer seenis to

think such an accident in these last, impossible

from the nature of their articulation with their

metacarpal bones.

Luxation of the second, and third or distal

phalanges.—The articulations of these pha-

langes being only covered by the skin and the

tendons of the flexor and extensor muscles,

their luxations are also very easily recognized.

In the luxation backwards, the only one which

we have had occasion to observe, the luxated

phalanx is turned to the side of extension, and
forms with the phalanx above it an angle more
or less open. \N hen it is the second phalanx

which is luxated, the third is flexed by the

elongation of the tendon of the deep flexor,

and it is impossible to extend it or flex the

second. The reduction of these luxations is

generally easy if time be not allowed to elapse

between the occurrence of the luxation and the

period of attempting its reduction.

II. DISEASED CONDITIONS.
Caries and necrosis occasionally affect the

bones of the hand, but the complete descrip-

tions of these diseases, which have been else-

where given in this work,* render superfluous

here any special observations on these morbid
actions when they manifest themselves in the

region of the hand. The bones of the meta-

carpus and phalanges are very frequently de-

formed by a disease which (although it cannot

be said to be exclusively observed in these

bones) produces on the hand and fingers ap-

pearances too remarkable to be left unnoticed

in this place.

The disease which we wish to describe as we
have seen it in the bones of the hand would be
by some designated as exostosis,! by others as

benign osteo-sarcoma, and others J would be

* See Bone, morbid ajtatomi/.

t See Scarpa, De-4natoniiaetPathologia ossiiim.

cum tabulis xneis, tab. \\.JUj. 1, Exostosis os-^ium

plcrorumqtie manus dexterx.

X Boyer, Maladies Clururgicalcs, vol. iii. p. 579.

disposed to preserve the somewhat objection-

able but ancient name of spina ventosa.

The metacarpal bones and the phalanges of

the fingers are the usual seat of this disease,

and in general many of them are simulta-

neously engaged in it; the shafts of the affected

bones are usually swelled out by the disease

into tumours somewhat of a globular form, the

articular extremities of the bones remaining

perfectly free. It is by no means unusual to

see the first and second phalanx of a finger

forming two distinct globular swellings, while

the last or distal phalanx is perfectly free from

enlargement.

It has been already mentioned that these

tumours, when viewed externally, seem to have

a spheroidal form ; but when the integuments

of the bony shell which incloses the tumours

are removed, we discover on their palmar as-

pects the flexor tendons buried in deep grooves.

This is of course best seen when the disease

has existed long, and the tumours have attained

a considerable size.

If we have an opportunity of examining ana-

tomically the phalanges while the disease is

yet in its early stage, we shall find reason to

conclude that the morbid process had com-
mencea deep in the interior of the bone, and
that the tumour proceeding outwardly presented

itself first on Jiat aspect of the phalanx, or me-
tacarpal bone, where there was the least resist-

ance opposed to it ; hence we usually notice

these tumours, when small, shewing themselves

most on the dorsal aspect of these Ix)nes. As
the disease increases I'ley swell out lateiully,

and the whole circumference of the phalanx

would be equally expanded were it not for the

support given on the side of flexion by the

flexor tendons and their strong; fibrous sheaths.

The integuments of these tumours preserve their

natural sensibility, and are at irst freely move-
able over them ; but as the swellings gradually

increase and undergo a species qf softening in

certain points, the integuments become adhe-
rent at these points, and circular openings are

formed in them which correspond to similar

circular apertures in the shell of the bone, and
through which the bony cysts dischirge their

contents ; these swellings of the boni's of the

hand, as far as we know, never degene~ate into

any disease of a malignant nature; bit when
they attain a considerable size, and are exca-

vated by these cysts, and have large fistulous

orifices, the irritation they produce and the

discharge cause some febrile excitement of the

constitution, and am])Utiition may become i.e-

cessary. The follownig very remarkable case

clearly proves the non-malignant nature of this

disease; the history of it will serve well to illus-

trate the natural progress of this form of dis-

sease in the hand.

A countryman of rather a delicate appear-

ance, aijed twenty-four years, was admitted

into Jervis-streetUospital, July 22,1828, under

the care of Dr. O'Beirne. This man had an

enormous enlargement of the left hand, which

arose from a tumour, the principalseat of which

was in the first and second phalanges of the

middle finger, but the ring and index finger
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were also involved in the disease, and the three

metacarjial bones sup|X)rtini,' the three fingers

alrfady mentioned were also much enlarged ; in

a word, all the bones of the metacarpus and
fingers, witli the exception of those of the

thumb and little finger viewed eiUemally,

teemed to enter into the formation of one mor-
bid mass, the size and form of which may be best

conceived by a reference to the annexed figure.

The chief bulk

Fig. 227. of this large bony
tumour existed

posteriorly, where
It extended as

high up as the line

of the wrist-joint,

and completely

concealed the

bones of the car-

pus. The tumour
did not extend it-

self directly for-

ward towards the

palm of the hand,

but passed down-
is; at Its re-

mote extremity

the last phalanx

of the middle fin-

ger was to be seen

projecting ; this phalanx was itself, however,

perfectly free fit)m morbid change, and the

integuments covering it possessed their natural

sensibility. The circumference of the tumour
measured accurately twenty-four inc-hes; nume-
rous very large protuberances shewed themselves

every where on its surface, which yielded but
little to pressure. Three of these tumours had
ulcerated at their most prominent points, and
by circular depressed openings (nearly an inch
in diameter) gave exit to a thm foetid ichorous

matter, which continued to flow from the in-

terior of the morbid mass Tliese orifices, which
presented some loose granulations, readily ad-
mitted the introduction of a probe, which could
be then freely moved in the interior of these
cavities, each of which was large enough to

rontiin an ordinary hen's egg. The integu-

ments every where over the whole of this mor-
bid growth had a ijerfectly healthy aspect, and
were freely moveable on this immense tumour,
except at the liorders of the circular apertures

already mentioned. The disease existed for

many years, having begun, as the patient stated,

when he was a boy.

The disease was unaccompanied by pain, and
the man's health continued good until the pe-
riod when the tumour had ulcerated ; after which
he became somewhat debilitated by the exhaust-
ing eflect of the sanious discharge on his con-
stitution, and his mind was depressed with the

idea of his bemg afflicted with a disea.se so

formidable in appearance, and which hitherto

had resisted, nay increased under, all treatment,

and deprived him altogether of llie means of
earning a livelihood. Although there was some
diflerence of opinion as to the name by which
this disease of the bone should be designated,
it was agreed that there was nothing really ma-

lignant in its nature; most of those consulted

on the ca.se recommended amputation, but

Doctor O'Beime conceived the hapiiy idea,

and speedily put it into execution, of cutting

out the morbid mass. Although it was rightly

conceived that the index finger was but little

diseased, and that the ring-finger was merely

enveloped in the tumour, still the thought of

prcser\-ing either of these fingers could not be
for a moment entertained, as the metacarpal

bones supporting them were known to be dis-

eased. It was plain that the thumb and little

finger only could be saved, and the lines of

incision which were followed may be easily

imagined. The operation was performed thus

:

one incision was commenced at the root of the

little finger at its radial side, which was ex-

tended deeply through the soft parts upwards
and backwards as high nearly as the wrist-joint

;

the termination of this incision here was met
by another, which was commenced at the first

interosseous space between the index finger and
the thumb; the lines of these incisions were
followed deeply, and, with the assistance of the

knife and metacarpal saw, the whole of the

morbid mass was removed; the haemorrhage

was soon arrested, and dressings applied with a

bandage to approximate gradually the thumb
and little finger. Tlie wound was at first refrac-

tory, and cartilaginous granulations sprang up

;

to repress these. Dr. O'Beime found nothing

so effectual as the actual cautery, and under its

influence the wound healed kindly.

It is now nine years since the operation was
performed, and the man has, during that [icriod,

enjoyed vigorous health ; the thumb and little

finger have approached each other, and in-

creased much in size, power, and usefulness,

and he is fully competent to follow his oc-

cupation, which is that of a land-surveyor.

We have, in our collection at the Richmond
school, a cast of this remarkable hand ; and the

morbid mass which was removed is preserved

in the Museum of the Royal College of Sur-

geons, Dublin. A longitudinal section has been
made of the tumour : one half has been sub-

jected to long maceration, and dried ; and this

half exhibits well the thin osseous shell which
encloses the cellular and reticulated bony struc-

ture of the whole mass ;—this portion of the

section shews, in short, the true structure of the

bony basis or skeleton (if we can so say) of the

disease (fig. 228). The
other half of the section

has been preserved in

spirits, and in the line of
division shews a smooth
cartilaginous surface, and
several excavations lined

by a smooth membrane,
which had enclosed an
albuminous fluid. Some
of these cavities were
complete isolated cysts,

buried deep in the in-

terior of the cartilaginous

mass; but the contents
of three of these cysts
had made their way ex-

2 m 2

Fig. 228.
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ternally tlirough the large circular apertures

already mentioned.

We have thought it right to detail this re-

marliable case at length, as it is the history of

an important fact, from which, it is true, differ-

ent conclusions may be drawn : for our part, we
consider the case a well-marked specimen of a

diseitse described by some of the older writers

as spina ventosa. Boyer adopts this appella-

tion, and in his work will be found a good
account of the disease; and, indeed, he so

accurately depicts the appearances we observed

in tins case, and which were discovered by dis-

section, that we feel satisfied his description has

been drawn from nature. Boyer says, " We
understand by spina ventosa an aH'ection of

the cylindrical bones, in which the walls of the

medullary canal are subjected to a slow, gra-

dual, but sometimes enormous, distension

;

while, at the same time, they are considerably

thinned, and even pierced in many points, in

which their tissue undergoes a singular rarefac-

faction,—a disease whose primitive seat would
appear to reside in the medullary cavity," &c.

Sanson, from two careful dissections of recent

specimens of this disease, considers it to origi-

nate in a degeneration of the membrane which
lines the interior of the bone. The substance

which is found to fill up the cavity of the bone
can only proceed from the system of the me-
dullary membrane, the action of which becomes
so altered and diseased, as to produce the new
growth which is found in the interior of these

globular tumours. This product distends by
degrees the walls of the medullary canal and
reticular structure of the bones. The dilatation,

in which the articular surfaces do not partici-

pate, is generally sudden, so that the part imme-
diately near the point where the disease is

situated preserves its natural dimensions. When
the globular tumours thus formed are cut into,

in the early stage of the affection, their interior

presents a fibro-cartilaginous appearance, sur-

rounded by a thin shell of bone. A section

of one of those tumours of the fingers in the

early stage appears to us to present a striking

resemblance to the common fibrous tumour of

the uterus, which is often encased in a similar

bony shell. The description Mr. Crampton

has given of the structure of the benign osteo-

sarcoma may well be applied to this disease.

He says, " the interior of the tumour presents

a great variety of structure, but I should say,

in general, that the cartilaginous character which

the tumour exhibits in its origin prevails to the

last. In the early stages of the disease, the

tumour consists of a dense elastic substance,

resembling fibro-cartilaginous structure ; but

the resemblance is more in colour than m con-

sistency, for it is not nearly so hard, and it is

granular rather than fibrous, so that it breaks

short. On cutting into the tumour, the edge of

the knife grates against spicute, or small grains

of earthy matter with which the substance is

beset. If the tumour acquires any considerable

size, it is usually found to contain cavities filled

with a fluid differing in colour and consistency
;

but in ^eneriil liie lliiid is thickisli, inodorous,

and of the colour of chocolate. SonietiiiiCb the

growth of the tumour, and the secretion of the

fluid within its substance, is so slow, that the

deposition of bony matter keeping pace with

the absorption, the bone becomes expanded into

a large thick bony case, iu which the tumour is

completely enclosed."*

Strumous osteitis of the metacarpal bones, and

of the phaltmges of the fingers.—It is by no

means difficult to distinguish the disease last

described under the name of spina ventosa, or

benign osteo-sarcoma, from that enlargement of

the metacarpal bones and of the fingers which we
frequently witness in children of the strumous

diathesis. The strumous affection of the pha-

langes we allude to seems little else than an

osteitis, which tenninates usually either in caries

or necrosis. The disease, when fully formed,

shows itself in the shape of either a pyriforra

or globular swelling of the phalanx of one or

more of the fingers. There is at first no sensi-

ble alteration of the surrounding soft piirts ; the

swelling has usually been preceded by pains

of a dull and obtuse character ; the movements
of the part affected are for a long time preserved,

and indeed are not at all restrained, except

when the tumefaction of the bone becomes

sufficient to turn aside the tendons from their

natural direction, or to cause deformity of the

articular surfaces, which rarely happens.

As the disease advances, the soft parts are

distended, suppuration takes place, and the

integuments of the swollen part always ulcerate

at a point corresponding to some deficient part

of the bony cylinder. Through the ulcerated

opening a probe may be passed freely into a

cavity which the bone contains; the opening

becomes fistulous, and for a long time continues

to give exit to a moderate quantity of thin,

serous, and ill-conditioned matter ; sometimes,

however, we notice an improvement in the ge-

neral health of the patient, and, at the same
time, the local disease assumes a new and more
favourable aspect, the discharge diminishes, and

at length dries up. Such a decided amendment,
however, seldom occurs, until a process of ne-

crosis, or exfoliation of a part of the bone, has

taken place; after which the wound heals up,

the use of the finger is restored, and all that

remains of the disease is an unseemly, depressed,

and adherent cicatrix.

Malignant tumours of the hand.—Malignant

osteo-sarcoma, and even fungus lismatodes, are

diseases which may show themselves in the

region of the hand and fingers; but these dis-

eases are readily distinguished from the spina

ventosa, or benign osteo-sarcoma, above alluded

to. The pains of the malignant disease are

lancinating, the progress is more acute, the con-

stitution and health are more quickly and deeply

implicated ; the prognosis, too, is very different.

Although life may perhaps be prolonged by an
amputation of the hand of a patient afl'ected

by either of these malignant diseases, the terri-

ble disorder will almost uniformly recur. On
the contrary, if the disease be spina ventosa, a

portion of the hand may be amputated, or a

finger removed, and the disease shall notrecur

* ViUl' Uiibliii llospiiil Ri'ijoris, vol. iv. p. 042.
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after these operations. Indeed, we feel per-

suaded that, in some cases of spina ventosa,

(Jig. 229) the tumour may be cut off from

a finger or from a me-
Fig. 229. tacarpal bone, and that

altliough the wound
may for a while throw

up cartilaginous gra-

nulations, still, under

proper treatment, the

nicer of the bone will

be got to heal kindly.

Abnormalconditiims

of the fingers the re-

mit of accidenti and
morbidaffections ofone
or more of their consti-

tuent structures.—We
occasionally find that

the voluntary power of

flexing or extendingthe

Joints of the fingers is

lost. This loss of

power may arise from

a great variety of

causes;— anchylosis of a joint from acute

or chronic inflammation; the loss of an ex-

tensor or flexor tendon from a similar cause,

or from a wound ; congenital malformation of
the brain; disease or accident afiecting this

organ, the spinal marrow, or the nerves con-
nected with the movements of the upper extre-

mity ; any of these may at times be the source
of this loss of the voluntary power over the

fingers. Under these circumstiuices, although

there may be but little external deformity,

.sometimes the fingers cannot be flexed ; more
frequently they cannot be voluntarily extended.

An abnormal condition of the fingers, shewing
itself in some distortion of these organs, may
be traced to causes affecting— 1, the skin; 2,

the fascia; 3, the theca of the tendons; 4, the

tendon itself; and 5, the bone. If a bum pe-

netrate the skin on the palmar surfece of the

hand, a dense cicatrix will be formed ; and much
exertion will be necessary, on the part of the

surgeon, to oppose successfully the gradual con-
traction of the " tissue of the cicatrix." Should
contraction take place, notwithstanding these

efforts, the functions of the hand will be im-
paired, and much deformity will remain. A
burn on the back of the hand may be followed
by analogous effects.

There is a peculiar form of contraction of
the fingers, which Boyer seems to ascribe (we
believe erroneously) to a shorteninst of the ten-

dons. Adopting the language of the ancients,

he denominates the affection "crispatura tendi-

num." This contraction of the lingers is never

seen in very young persons. Most of those

we have known affected by it were adults, who
had been for a long lime compelled to make
laborious use of their hands. The disease will

be ordinarily found to commence in a contrac-

tion of the little finirer; the ring finger is next
engaged, and then the middle finger. From
day to day the fingers becnme more contnicled,

and the power of extending them is lost. When
one hand is thus affected, it usually happens

that the other goon becomes equally engaged.

It is remarkable that neither the indicator iior

the thumb have ever been seen affected with

this disease.

When we examine the fingers the subjects of

this species of contraction (fig. 230), we find

that the first phalanx is moveable on the meta-

carpal bone, and is flexed at an angle more or

less approaching to a right angle. We can flex

it a little more towards the palm; but to extend

it so as to efface the angle is impos,sibIe; "a
weight," says Dupuytren, "of ISOlbs. will not

bring the finger into a straight line with its me-
tacarpal bone." Boyer says, " our efforts to

extend the fingers are resisted to such a degree,

that if we continued them they would break

before we could force them to yield."

Fig. 230.

Contraction of iiu. jintftn^ I'rttm dUeate of the palmar
fascia.

This description, however, applies only to the

metacarpal joint of the first phalanx, for the last

phalanges of each affected finger, though move-
able, habitually remain perfectly straight.

In these cases the inteeuments of the affected

palm and the subjacent fascia seem to be more
than naturally thick and consolidated, and we
observe the lowest of the natural cutaneous
lines of the palm thrown into a very deep
crescentic fold, the concavity of which looks

towards the fingers, and the convexity towards

the wrist joint. We also invariably notice in

these cases a rounded projecting chord which
passes downwards from the middle of the

palm of the hand to the basis of the first

phalanx of the contracted finger. This chord

feels hard, and is rendered more tense and
salient whenever we make an effort to straighten

the affected finger.

When in the living subject we examine care-

fully the palmar fascia, and explore, as far as

we can, its connexion above with the tendon of
the palmaris longus, and below, follow the pro-

longations It sends to the lateral aspect of the

contracted fingers, we find them all continuous

;

in a word, when we press upon the tendon of
the palmaris longus, we maketense the tendinous

digitations ahove-mpiitioned. The continuity

of all these fibrous structures is thus evident in
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the living. When we have opportunities of

examining, in the dead subject, a hand in which

this contraction of the palmar aponeurosis has

existed, and have raised tire skiir in all its ex-

tent from the palm of the hand and palmar sur-

face of the fingers, its folds and ruga- all drs-

appear, and it then becomes evideirt that this

defect does irot reside in the skin. When the

aponeurosis is exposed, it is found conti-acted,

thickened, and diminished in length. From its

inferior part, the tense fibrous chords which

were already supposed to exist are now exposed,

and seen to be inserted into the periosteum on

the lateral aspects of the contracted finger.

Dupuytren, by various anatomical and pa-

thological investigations of this disease, satisfied

himself that this peculiar coirtraction of the

fingers depends essentially on this shortening,

thickening, and organic alteration of the jjalmar

apoiieirrosis andthedigitations proceeding from it

to the sides ofthe fingers; for he iirvariably found

when he had opportunities of investigatnig this

disease in the dead subject, that the tendons

were of their accustomed volume and mobility.

He cut them across, and then made efforts in

vain to extend the finger. The bones were

found of their natural form, and no alteration

was perceptible in either the synovial mem-
branes or lateral ligaments; but as soon as the

section of tiie expansions of the fascia wliich go
to the fingers was effected, the flexion dis-

appeared, and the finger could be brought to

its normal position. Finally, he infers, and
indeed, as for as a few instances go, he proves,

that a similar result will follow the division of

tire fascia in the living subject, and tliat the

proper use and adjustment of a peculiar splint

on the back of the forearm and hand, so as to

keep the affected fingers for a time extended,

will complete the cure of this disease.

Sir A. Cooper alludes to these deformities

when he says, " The fingers are sometimes con-
tracted by a chronic inflammation of the theca
and aponeurosis of the palm of the hand, from
excessive action of the hand in the use of the

hammer, the oar, ploughing, &c.," evidently

recognising two species, in one of which the

aponeurosis is the cause of the contraction, and
the contracted hand is narrow. " And this

hand," he adds, " may with advantage be di-

vided by a pointed bistoury, introduced through
a small wound in the integuments ; the finger

may be then extended, and a splint applied to

preserve it in the straight position." But he
observes that " where the theca is contracted,

nothing should be attempted for the patient's

relief, as no operation or other means have suc-
ceeded."

Anchylosis of some of the joints of the

phalanges sometimes succeeds to an attack of
acute or chronic inflammation of one or more
of these small articulations; this may have
arisen from disease; for example, paronychia or
accident; but from whatever cause the inflam-

mation has arisen, anchylosis of a finger in the

extended position, which cannot be contracted,
or of a joint in the flexed position, which can-
not be extended, is the too frequent result. The
history of the case, and the actual state of the

anchylosed joint, which cannot be overlooked

,

will prevent the surgeon from falling into any

eiror in his diagnosis. A contracted state of

the ring finger and little finger is frequently to

be noticed in those who have suffered much
from gout; but we are acquainted with no dis-

ease which more frequently produces deformity

of the hand and lingers than chronic rheuma-

tism (chronic rheumatic arthritis). This mor-

bid condition of the joints of the hand is too

cursorily alluded to by autliors under the head

of rheumatic gout, nodosity of the joints of the

fingers, &c. &c. It is a complaint which is erro-

neously supposed to be met with only in elderly

persons. \Ve have, however, in the pauper de-

partment of the House of Industry in Dublin,

examples of it in females under the age of 30;

but of course it is more frequently observed in

the aged and rheumatic patient. Wlien the

disease has existed long, the whole hand be-

comes greatly deformed, and the distortion the

fingers have undergone in these cases is of it-

self calculated to impress us with a correct idea

of the sufferings the victims of this disease

have endured. The carpus is usually preter-

naturally convex on its dorsal aspect, owing to

the thickening and distension of the synovial

bursae, which become like solid ganglions. All

the joints of the hand and fingers become en-

larged, particularly those which are formed by

the junction of the first phalanges and metacar-

pal bones ; at these joints the fingers are more

or less flexed towards the palm, and are, at the

same time, adducted or drawn to tlie ulnar side

of the hand.

The head of the metacarpal bone, where it

joins with the first phalanx of tlie index finger,

seems particularly swelled and enlarged, and

projects much towards the radial side and dor-

sal aspect of the hand, as is represented in Jig.

231.

Fig. 231.

Chronic rhewnatmiif or nodosity of thejoinis.

The last phalanx of a finger is frequently

flexed, while the middle phalanx is extended.

Whatever be the faulty position which the fin-

gers happen to have assumed, they are usually

found to be remarkably rigid. All movements
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of them, whether voluntary or communicated
to them, arc painful ; and in either case com-
monly a crepitus, produced by the contact of

rough surfaces, is perceived botli by patient

and physician when making the examination.

When this disease exists in the hand to this

amount, it will almost invariably be found that

the distressing complaint ha.s also extensively

engaged most of the other articulations.

When we make an anatomical examination

of the hand of those who have died with the

condition of the joints of the lingers above
described, we find that the synovial fluid is

somewhat tliicker than usual, and deficient in

quantity. In some of the anchylosed joints we
observe a species of fibro-cellular or ligamentous

union of the bones; almost all the joints are de-

prived of their cartilaginous incrustation, which
seems as it were to have been worn away by
friction ; the porous structure of the root of the

phalanges is often exposed, and in some cases

hollowed out, to accommodate the enlarged

head of the metacarpal bone ; a cup is formed in

the base of the phalanx which is lined with a
porcelainous de)x)sit, while around this little

cup an exuberant growth of new bone of a

looser texture is thrown out. In the removal

of the cartdage without suppuration—in the

substitution for it of a porcelain-like deposit,

and in the surrounding exuberance of new
bone, we find this disease of nodosity of the

joints of the fingers resembling accurately the

analogous affection of the other joints, which
has been supposed to be the slow effects of

chronic rheumatism.—See Elbow, Knee, Hip,
Abnormal Anatomy of.

congenital malformations of theIII.

HAND.
Children are occasionally bom with one or

two fingers more than the natural number. The
supernumerary finger almost invariably is foimd
to be an imperfect vegetation, growing from the

ulnar side of the hand, and in general the

deformity is found to exist on both hands.

Examples, however, have been, though rarely,

seen of a sixth finger parallel to the other fin-

gers, and properly supported by a sixth meta-
carpal bone.

It frequently happens tliat children are

brought into the world with their fingers united
together. This union may be complete, or the

connexion may be loose by means of the skin.

It is known that up to the second or third month
of intrauterine life an interdigital membrane
exists, and the abnormal condition of the fin-

gers we are now considering is nothing
but a persistence of the early condition

of the fingers in the foetal state. It seems
pretty well proved that these congenital defects

are very frequently hereditary, and that when-
ever the fingers are the seal of them, the toes

are similarly afiected.

Tlie whole hand, or one or more of the fin-

gers may suft'er in utero what has been denomi-
nated spontaneous amputation, and the stump
"ill |)resent peculiarities already noticed.—See
FdTus, /g. 155, 159.

( R. Adams.)

HAND, MUSCLES OF THE. fHuman
Anatomy.) The varied and beautiful move-
ments of which the hand is capable are effected

by muscles belonging to separate and distinct

regions,—namely, one set of muscles which are

the proper and intrinsic muscles of the hand

itself, and a second set, which are continued into

the dorsal or palmar region of the hand from

the posterior or anterior surface of the fore-arm.

In the present article it is propose<l to describe

the intrinsic muscles of the hand ; but in con-

sidering the actions of that member or of any
of its segments, it will be necessary to notice

how fm the second set of muscles contribute to

or aid in their production.

The proper or intrinsic muscles of the hand
may be divided into—1, those on the palmar;

2, those on the dorsal surface.

I. The muscles of the palm are fifteen in

all. For convenience of description they may
be classified into, a, those of the thumb, or

external palmar region, constituting the thenar

eminence; 6, those of the little finger, or in-

terna/ judmar region, forming the hi/potlienar

eminence ; c, those that occupy the hollow of
~

the hand, or the middle palmar region.

a. Muscles of the external palmar region.—
The muscles of this region, all of which belong

to the thumb, are four.

1. Abductor pollicis manus* (scaphoido-

phalangien, Cruveilh.) short, flat, broader above
than below ; it arises from the anterior surface

of the scaphoid and trapezium, the superior,

anterior, and external part of the anterior annu-
lar ligament, and generally firom a prolongation

of the tendon of the extensor ossis metacarpi,

by aponeurotic and fleshy fibres. It proceeds
outwards and downwards to be inserted into

the outer edge of the upper extremity of the

first phalanx of the thumb. Sometimes the

two origins of this muscle are not incorporated

for some distance, giving the appearance of
two muscles.

Relations.—It is covered by the skin and
external palmar aponeurosis. It covers the
opponens, a few fibres of which appear to its

radial side, running in a transverse direction.

It is separated by a thin cellular line from the

short flexor, which is on the same plane.

The obvious action of this muscle is to draw
the thumb forwards and inwards, thus sepa-
rating it from the fingers.

2. Flexor ossis metacarpi, or opponens polli-

cis (trapezo-metacarpien, Cruveilh.), of a
rhoraboidal form ; it arises from the trapezium,

and from the fore part of the anterior annular

ligament, anterior to tlie sheath for the radial

flexor of the wrist, by long aponeurotic fibres ;

and posteriorly from a septum between it and
the short flexor. From these attachments the

fleshy fibres radiate downwards and outwards,

being so much the shorter die higher and the

more transverse they are. They terminate by

* Soemmering and Albinus divide this into two
distinct muscles, the former giving them the namcn
abtluclorcs brerei notlicu manm interior et exterior

;

the Utter calls tue internal portion oMuclor brevis

alter.
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short aponeuroses along all the outer edge of

the first metacarpal bone.

Reliitiuns.—^W itii tlie exception of a small

portion of its external border, tins muscle is

covered anteriorly by the preceding muscle. It

covers the anterior surface of the first meta-

carpal bone, and its articulation with the tra-

pezium.

It draws the thumb inwards, turning it upon
its own axis, so that it opposes its palmar

aspect to the other fingers.

3. Flexor brevh potlicis mimus (trapezo-

phulangiai, Ci-uveilh.) is a larger muscle than

the two preceding ones, triangular, bifid sujie-

riorly, having its anterior surface channelled

;

arises by aponeurotic and fleshy fibres, exter-

nally from the fore and under part of the

annular ligament, and from the process of the

trapezium, internally and posteriorly from all

the reflected portion of the annular ligament,

forming the sheath for the radial flexor and
extendmg to the os magnum, and from the os

magnum often by a distinct portion. From these

various origins ihe fleshy fibres run downwards
and outwards, are more oblique as they are

more internal, and terminate in a strong fleshy

bundle which is attached to the external sesa-

moid bone and outer side of the first phalanx.

Relntums.—This muscle is covered by the

external palmar aponeuro^is, more internally by
the tendon of the long flexor of the thumb, then

by the common flexor tendons. It covers the

first dorsal interosseous, the tendon of the

radial flexor of the wrist, and a small portion

of the external marpin of the adductor of the

thumb. Its outer edge corresponds to the

abductor and is often confounded with the

opponens, and its inner would be undistin-

guishable from the abductor near the first meta-

carpal bone, if it were not separated from it by
the arteria magna pollicis,*-—a fact that appears

to have been overlooked by many anatomists,

or the descriptions of the attachments of this

muscle would never have been so much at

variance: the foregoing description coincides

with that of Meckel and Cruveilhier. Its

tendon of insertion is co\ered by that of the

abductor, which is external to it.

This muscle is badly named, at least if

names be intended to denote action, for its

power of flexing the thumb is very slight ; but

it has considerable power as an opposer of it,

its insertion being especially favourable to that

action

.

4. Adductor pollicis nanus (nietacarpo-pha-

langien du pouce, Chauss.) is the largest muscle
of the thumb as well as the most internal ; in

shape it is a perfect triangle, arising from all

the anterior border of tlie third metacarpal

bone, from its articulation with the magnum,
from the anterior and superior portion of the

ir.ipczoid, and from the palmar interosseous

aponeurosis in its central portion. From this

extensive attachment the fibres run transversely

< utwards, thesujerior ones being most oblique;

lliey convrrjje to a strong fleshy bundle, which

' Also deep in the palm, it is generally scpa-
ra cd fjom the adductor by the deep palmar arch.

is inserted by means of the internal sesamoid

bone into the first phalanx of the thumb.

lleliUiom.—Its twointernal thirds are covered

by the lumbricales iind common flexor tendons,

aiso by a layer of the deep interosseous apo-

neurosis which constitutes its sheath. It covers

the two first interosseous spaces. Its inferior

border is subcutaneous, especially posteriorly,

where it may be felt in the fold of skin extend-

ing from the index finger to the thumb.*

Its name implies its action ; it draws the

thumb towards the median line of the hand.

/). Aluxcles of the interiud palmar region.—
There are four muscles in this region also; one

is a cutaneous muscle, the palmaris brevis ; the

others are proper to the little finger, and are

inserted into the inner side of its first phalanx

and tlie fifth metacarpal bone. They consist,

as the last described set, of an abductor, sliort

flexor, and an opponens minimi digiti.

1. Palmaris brevis (peuucier de la main,

Cruveilh.) This muscle when it exists, (for in

weakly subjects its fibres are often not to be

distinguished, though on the other hand it

acquires considerable volume in those that are

muscular,) arises by aponeurotic intermingled

with fleshy fasciculi which run horizontally

hiwards, forming a small quadrilateral muscle

which terminates in the skin.

Relations.—Covered by the skin and im-

bedded in the adipose substance, it is spread

over the muscles of the little finger and the

ulnar artery and nerve, from which it is sepa-

rated by the interna! palmar aponeurosis.

It increases the concavity of the palm by

puckerin<; the skin over the part it occupies,

thereby drawing the hypothenar eminence for-

wards and outwards, and rendering it more

convex.

2. Abductor minimi digiti (pisi-phulangien,

Cruveilh.) A long flat muscle, broadest at its

centre, arising from die pisiform bone and from

an expansion of the flexor carpi ulnaris, by

strong aponeurotic fibres, which soon become

fleshy, running along the inner edge of the

fifth "metacarpal bone. It ends in a flattened

tendon, which is inserted in common with the

short flexor into the inner side of the first

phalanx, sending an expansion into the extensor

tendon.

Relations.—It is covered by the internal

palmar aponeurosis, itself covering the oppo-

nens.

U-ie.—It draws the little finger inwards and

forwards, separating it from the others.

• Sometimes this muscle is separated into two
bellies, the one superior and the other inferior,

which are completely separate from each olher,

and of which the superior is by far the greater. lu

this case the first arises solely from the os magnum
or from this bone and a small portion of the

superior extremity of the thiid metacarpal bone,

while the second arises from the inferior portion of

the anterior head of the third, fourth, and some-

times even the fifth metacarpal bones; it runs

transversely outwarcJs and a little backwards to

meet the superior head at the first phalanx of the

thumb. This anomaly resembles the normal con-

diiion of the transverse and oblique adductors of

the great toe. Mc<kci, Annt. vol. ii. p. IBS.
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3. Flexor brevu minimi digili ( unci-pliulan-

gien, Cruveilli.)—This muscle is exteniul to the

last ; it arises f'roin a small portion of the annu-
lar ligament and frotn the anterior part of the

unciform process ; it runs downvrards and in-

wards to join the last described muscle, with

which it is inserted.

Relalions.—At its origin it is separated from
the abductor by the ulnar vessels and nerve,

but it soon becomes confounded with it.

Chaussier described them both as one muscle.

It is often wanting. In concert with the last,

it abducts and slightly flexes the little tingor.

4. Adductor ossis metucarpi or opponent

minimi Jigiti (unci-metaiarpicn , Cruvcilh )—It

resembles in dis[K)sition and form the opponen.<t

poUicis. Having the same origins with the

preceding muscle, its fibres proceed downwards
and inwards, the sujierior being nearly hori-

zontal ; they are inserted into all the internal

border of the fifth metacarpal bone.

Relalious.—It is covered by the two last

muscles ; its posterior surface is applied to the

fifth metacarpal bone, the corresponding inter-

as.seous, and the tendon of the flexor sublimis

going to the little finger.

It carries the fifth metacarpal bone forwards

and outwards, thereby augmenting the cavity

of the hand, and in a measure opposing the

little finger to the thumb, but the articulation

of the metacarpal bone with the os unciforme

allows of so very little rotatory motion, that it

is rather a motion of adduction and flexion

tJiaii of opposition.

<r. Mmnlex of the middle palmar region.^
In the middle (xvlmar region we have seven

muscles, four connected to the tendons of the

flexor profundus, the lumbricales, so called

from their resemblance to earth-worms; and
three deeper-seated muscles, the i>almar inter-

ossei occupying a part of the second, third, and
fourth interosseous spaces between the meta-

carpal bones, the remaining part of those spaces

being filled up by muscles ; we shall presently

examine the dorsal interossei.

1. Lumbricales (Jlcctentes primum interno-

diuni, Spig.) are four slender, elongated, fusi-

form, fleshy bundles, attached to the tendons of

the flexor profundus, just after it escapes from

under the annular ligament, distinguislied into

first, second, &c. from witlioul inwards. The
first arises from the fore and outer part of the

flexor profundus tendon belonging to the index

finger, sometimes also from the accompanying
tendon of the flexor sublimis ; the tecoiid lum-
bricalis arises from the radial side of the tendon

of the same muscle destined to the middle
finger ; the third imd fourth are double penni-

forin arising from the opjwsed surfaces of the

three internal tendons of the same muscle

;

from these attachments they proceed, the two
middle vertically downwards, the outer out-

wards, the inner inwards, towards the outer

side of the mctacarpo-phalangeal articulations

of the fingers, where they end in flat broad
tendons, which are inserted into the outer

border of the common extensor tendon, in

common with the tendons of the correspond-

ing interossei with which they are confused ;

they assist in completing the she-ath which the

extensor tendons form for the back of the

fingers.

ReUtiom.—Their anterior surface is coveted

by the tendons of the flexor sublimis, by the

palmar aponeurosis, and collateral vessels and

nerves of the fingers. Their posterior sur&ce

lies upon the interossei, the inferior transverse

metacarpal ligament, and the phalanges.

Use.—They assist in the flexion of the fingers

upon the metacarpus, at the same time drawing

them outwards, they steady the extensor ten-

dons, keeping tliem applied to the phalanges.

ITie interossei, of which there are seven in all,

are small muscles situated between the meta-

carpal bones, to which they are attached supe-

riorly, their inferior attachment being to the

sides of the first phalanges and the extensor

communis tendons; there are three on the pal-

mar aspect, which are simple, and four on the

dorsal aspect of the hand, which are bifid mus-
cles ; there are two to each interosseous space,

excepting the first, which has only one : we
shall first examine the palmar interossei.

2. Interossei intemi digitorum manus, (meta-

carpo-phaUingiens lateraux pahnaires, Cliauss.)

Short, prismatic, and triangular; they arise, the

first, or posterior indicia, from the root and inner

side of the metacarpal bone of the fore-finger

;

the second, or prior annularis, from the root and

outer side of the metacarpd bone of the ring

finger ; the third, or interosseus auricularis,

from the root and outer side of the metacarpal

bone of the little finger. They extend along

the metacarpal bones, to which they are attach-

ed, and are inserted by short tendons; the

second and third in common with those of the

lumbricales, into the outer and upper, and the

first into the inner and upper part of the corre-

sponding first phalanges and side of the exten-

sor tendons.

Relations.—Anteriorly tliey are covered by
the deep flexor tendons and palmar muscles

;

posteriorly they correspond to tlie dorsal inter-

ossei, which are also connected with them
along their unattached margin.

Use.—The simplest way of regarding their

action, which is rather complex, is to refer it

towards the axis of the hand or a central line

drawn through the third metacarpal bone and
the middle finger, in which case it is easily

perceived that the palmar interossei are adduc-
tors towards the axis of the hand.

II. The only intrinsic muscles on the dorsal

aspect of the hand are the dorsal interossei,

interossei extemi digitorum maniis. Their com-
mon points are, that they appear both on the

dorsal and palmar aspects of the hand ; they

are bicipital ; arising from the opposed surfaces

of two nietacari)al bones, both heads termina-

ting in a common tendon, which is attached to

the sides of the first phalanges and extensor

tendons that are not supplied by the palmar in-

terossei. TTiey are four in number ; the first,

or adductor indicis, alone merits a particular

description. It is the largest ; arising from the

superior half of the external border of the first

metacarpal bone, and externally from all the

external surface of the second metacarpal bone;
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these origins are separated by a fibrous arch,

through wliich the nidial artery passes ; tliey

are large and fleshy, and soon unite, forming a

triangular flattened muscle, wliich is inserted

into the external side of the first phalanx. The
insertion of the other muscles are, the two mid-
dle into either side of the first phalanx ; they

are called the priur and posterior nicdii ; and
the last, or posterior annularis, into the inter-

nal side of the ring-finger.

Relations.—Posteriorly they correspond to

tlie extensor tendons and skin ; anteriorly they

appear beside the palmar interossei, from which
they are separated by a strong septum derived

from the deep palmar aponeurosis. Their other

relations are the same as the palmar interossei.

The first, the abductor indicis, corresponds an-
teriorly to the adductor poUicis and part of the

flexor brevis, which it crosses at right angles ;

its inferior and external margin is subcuta-

neous.

Use.—They are all abductors of the fingers

from the axis of the hand, and by reason of
their insertion into the extensor tendons, act

best when the hand is extended. The same
may be said of the palmar.

Before we enter on the general uses of this

complex muscular apparatus, it would be well

to remark that the proper muscles of the thumb
and little finger appear to be nothing more than

exaggerated and multiplied lumbricales and in-

terossei. We may, in this light, view the short

flexor of the thumb as the first lumbricalis, its

abductor and opponens as a dorsal interosseus,

while its adductor would represent a palmar
interosseous muscle; again, as regards the little

finger, its abductor and short flexor together

personate a dorsal interosseus, while its adduc-
tor would be but an internal or palmar inter-

osseous. Their principal use is, by acting

on the carpo-metacarpal articulations of the

thumb and little finger, which enjoy freer

motion than the intermediate ones, especially

that of the thumb, to oppose these extreme
points of tlie hand to each other, more or less

increasing its concavity, and thereby giving a
firmer grasp, inasmuch as they adapt the cavity

of the palm to the volume of the body grasped.

The great use of this opposable faculty of the

thumb (which action is the peculiar characte-

ristic of the hand as distinguishing it from the

foot) may be shesvn by firmly clenching the fist,

when the thumb, by its combined powers of

opixjsition and flexion, is made to overlap the

fore and middle, and in some the third fingers,

pressing them lirmly against the palm, while,

at the same time, the thenar eminence is

thrown forwards and inwards, meeting them in

the palm, and by abutting against counteracts

their tendency to fly open when a blow is

struck, acting at the same time as a cushion to

deaden the violence of the shock. We here

see, also, the flexion of the fingers modified by
the radial interossei and lumbricales, which,

by their action, throw the fingers radiad, so as

to bring the three outer ones to abut against

the thenar eminence; the little finger is pro-

tected, in like luaiincr, by the hypothenar,

whicli is thrown forwards and outwards. The

converse modification of the flexion of the

fingers by means of the ulnar interossei may
be seen in the action of the left hand of a
fiddler, where the fingers are flexed and pointed

ulnad to run up the scale.

It only remains for us to give a summary
view of the muscles, extrinsic and intrinsic,

concerned in the motions of the hand. These
motions are flexion, extension, adduction or

motion ulnad, abduction or motion radiad.

First, the flexors of the wrist are six. 1.

Flexor longus poUicis ; 2 and 3, flexor sub-
limis et profundus ; 4, palmaris longus ; 5,

flexor carpi radialis; 6, flexor carpi ulnaris.

The extensors are six. 1, Extensor communis;
2, indicator; 3, extensor secundi interiiodii

pollicis ; 4 and 5, extensores carpi radiates

longior et brevior; 6, extensor carpi ulnaris.

The last three of the extensors as well as the

last three of the flexors act directly on the wrist

;

the others act first on the phalanges. These
also are the muscles that, in extreme flexion

and extension, call into play the motion that

exists between the two rows of the carpus, the

two former extending, the three latter flexing

the second row upon the first.

The adductors are five. 1 , Extensor carpi

ulnaris ; 2, extensor communis ; 3, flexor carpi

ulnaris; 4, sublimis; 5, profundus.

The abductors are also five. 1 and 2, Ex-
tensores ossis metacarpi et primi intemodii

pollicis ; 3 and 4, extensores carpi radiales

longior et brevior ; 5, flexor carpi radialis.

The following table is intended to exhibit at

one view the motions of which the fingers are

capable, and the muscles which effect them.

The movements of the fingers are

—

1

.

Flexion performed by nine.

Flexor longus pollicis.

Flexor sublimis.

Flexor profundus.

Three internal lumbricales.

Three interossei interni.

2 . Extension by eight.

Three extensores pollicis.

Extensor communis.
Indicator.

Three internal dorsal interossei.

3. Adduction by seven.

Three adductor, flexor brevis, and oppo-
nens pollicis.

Abductor minimi digiti.

Tliree interossei, viz. posterior indicis,

posterior medii, posterior annularis.

4. Abduction by eleven.

Abductor pollicis.

Adductor et opponens minimi digiti.

Four lumbricales.

Four interossei, viz. abductor indicis, prior

medii, prior annularis, interosseus au-

ricularis.

We thus see that the hand is furnished with

no less than thirty-three muscles, each capable
of acting either singly or in conjunction with
others. The most powerful of these are the

flexors and opposers, both performing actions,

as we have seen, peculiarly adapted for the pre-

hension and retention of bodies.

But there is yet another function in which
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lliey are the chief agents, and of which the

hand is the principal organ, that of touch,

which may be regarded as a kind of sentinel

by wliich we ascertain the nature of bodies

;

which witliout seeing warns the liand from too

closely embracing what may prove hurtful to

itself, or admonishes it to handle gently those

delicate objects that would be destroyed by too

rude a grasp. In the blind this sense, by con-
slant exercise, becomes so [lerfect as in a great

measure to compensate for the loss of sight.

But by the combniation of these two functions

the hand is indeed rendered an organ wortliy

of, and admirably suited to the mind of man.
With the one he plans, while through the other

he performs and executes all that administers

to the pleasures, the comforts, and the conve-
niences of life, and that establishes his superi-

ority in the creation.

(F. T. M'Dougatt.)

HAND, REGIONS OF THE. (Surgical

Anatomy.) In the consideration of the surgical

anatomy of the hand, we shall commence our
description from an imaginary line encircling

the fore-arm, at a point immediately below the

insertion of the pronator quadratus, or about
half an inch above the radio-carpal articulation.

From this point downwards for about a finger'.s-

breadth, the wrist is narrow and flattened like

the fore-arm ; from thence the hand, gradually

expanding, acquires that remarkable breadth

and flatness so necessary to it both as a tactile

and prehensile organ ; it is broadest inferiorly

where it terminates in the fingers. In front,

this region is concave and hairless
; posteriorly,

it is convex and slightly hairy.

In woman, the hand is smaller and more de-
licately shaped ; it is also rounder and smoother,
on account of the greater quantity of subcu-
taneous adipose tissue, softening down the

harsher outline of bone and tendon displayed
in the brawny hand of man.

In order to avoid needless prolixity, we shall

not subdivide this inferior segment of the upper
extremity into the three distinct regions of wrist,

hand, and fingers ; which, indeed, if we were
considering its bony frame-work, would natu-
rally present themselves. But as the soft parts,

with which we have principally to do in tlie

present article, exhibit no such natural distinc-

tions in these separate i>arts, and are, for the
most part, common to them all, we shall con-
sider them as constituting one entire region,

which is naturally subdivided into ^^mu;- and
tlonal regions.

I. 0/ the palmar region of the hand.—The
remarkable points on the exterior of this region
are as follows :—Commencing from the pre-
supposed imaginary line, and proceeding down-
wards, we perceive most externally a projection
formed by the united tendons of the short ex-
tensors of the thumb; next in order, proceeding
from without inwards, we notice a hollow, most
visible when the hand is flexed, conesponding
to the radio-carpal articulation, and in which
tlie radial artery may be felt pulsating imme-
diately before it passes under the tendons we

have just noticed ; bounding this hollow, on its

inside, is a second eminence, formed by the

tendons of the flexor carpi radialis and palmaris

loiigus, and tlie projecting crests of the scaphoid

and trapezium ; more internally a second de-

pression, corresponding to the ulnar nerve and
artery, bounded internally by a third eminence,

that of the flexor carpi ulnaris tendon and the

pisiform Irane, posterior to which may lie felt

the inferior extremity of the ulna and the inter-

val between it and ttie bones of die carpus.

Lastly, in front of the wrist, owing to the

thinness of the skin in this part of the palmar
region, we perceive a blue network of veins,

from which the median is formed.

More inferiorly, in the palm proper, we notice

externally the tlienar eminence, extending from
the crest of the scaphoid to the base of the first

phalanx of the thumb. On the inner side of
the palm is the hypothenar eminence, longer

and thinner, but less prominent llian the last

;

it extends from the pisiform bone to the base of
the first phalanx of the little finger. Separating

these prominent parts, and extending from the

inner furrow of tlie wrist towards the root of
the index finger, is a deep excavation,—the

hollow of the palm ; next may be seen or felt

four elevations, corresponding to the heads of
the four metacarpal bones, about an inch in

front of which the fingers free themselves from
the skin of the palm, which is prolonged over

them for that distance in a manner somewhat
analogous to the web in the foot of a Newfound-
land dog, or other swimming animals. Of the

fingers themselves, the middle is the longest,

the first and third are on a level, the little finger

reaches the level of the last articulation of the

annular, and the thumb terminates about three

lines behind the second articulation of the index;
the phalangeal articulation of the thumb being
exactly on a level with the metacarpo-phalangeJU
union of the same finger.

There are likewise certain lines or furrows

caused by the folding of the skin in flexion of
the hand and fingers, some of which constantly

occur, and are worthy of notice, inasmuch as

they sometimes serve as guides or landmarks to

the surgeon in operating on this region. They
ai'e as follows : two on the wrist ; the superior

one, extending between the styloid processes of
the radius and ulna, corresponds to the radio-

carpal articulation. Another, more remarkable,

slightly convex downwards, projecting between
the palmar eminences, separates the wrist

from the hand, and corresponds to tlie articula-

tion between the two rows of the carpus. In
the palm, one commences from the metacarpo-

phalangeal articulation of the index finger,

which soon bifurcates, one of its divisions

bounding the thenar on its inner side; the other

runs obliquely across the palm, and terminates

on the upper part of die hypothenar : this in a
measure corresponds to the superficial palmar
arch, having die Siuiie obliquity across the palm,
but being three or four lines inferior to it ; these

lines are caused by the opposition of the thumb.
Tliere is yet another line running from the in-

terval between the index and middle fingers to
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the base of the little finger; this traverses the

hand about two lines above the metacarpo-

phalangeal articulations. Opposite the joints

of the fingers there are also transverse lines

;

the two first have double, the last joint but a

single line ;—an incision made perpendicular

to it would fall about a line above the articula-

tion. Of the middle joint, the superior trans-

verse line is the most constant, and is placed

about half a line above its articulation.

Of the lines corresponding to the first joint

of the fingers, the superior is on a level with

the termination of the interdigital web, and from
ten lines to an inch below the articulation,

excepting that of the thumb, which resembles

the middle joint of the fingers, its line nearly

corresponding to the articulation. There are

many other inconstant folds, or markings of the

skin, in this region, which, to the surgeon, are

of little import, but which present a book of
mystic lore to the gipsy and the cheiromancer,

wherein (when opened by the necessary charms)
they discern the future destinies of all that seek

to be enlightened by them.
We shall now proceed to examine the various

structures found in this region, and, for con-
venience of description, shall consider them as

constituting the following layers:—1, skin;

2, subcutaneous cellular tissue, vessels, and
nerves ; 3, aponeurosis ; 4, deep vessels and
nerves ; 5, muscles and tendons.

1. The skin.—The integument on the front

of the wrist resembles that on the anterior sur-

face of the fore-arm ; but, on reaching the palm,
it suddenly changes its character, and instead of
the fine, smooth, yielding skin, we find it dense,

resisting, exceedingly vascular, and covered
with a. very strong and thick cuticle ; on the

thenar, however, it preserves some degree of
suppleness and elasticity. In those accustomed
to hard manual labour, and in the aged, the

cuticle becomes so thick and callous as to en-
able them to handle even hot coals without
inconvenience ; but in them, from this increased

resistance, and from the difficulty of getting at

matter, or freeing the parts by incisions, inflam-

mations of the palm are the more dangerous.
Corns are sometimes developed at the roots of
the fingers, on the prominences formed by the

heads of the metacarpal bones. There are no se-

baceous follicles to be discovered in this region;

but M. Velpeau thinks, from the fact of the

occasional appearance ol' variolous pustules on
the front of the fingers, that follicles there exist.

The physical conditions of the skin of the

hand, as to coolness or warmth, as to moisture

or dryness, often furnish valuable signs in dis-

ease.

2. Suhculaneous cellular tissue is dense and
serrated, more fibrous than cellular, enclosing

in its meshes small rounded pellets of fat. On
the wrist it binds the .skin so closely lo the

subjacent parts, that, in cases of serous or other

infiltration above this point, the effused fluids

are arrested, and prevented from passing into

the palm of the hand ; also, in very fat and
flabby people, and in young children, a kind of

strangulation is observable at the wrist from

the same cause. On the thenar this layer is

laxer and less compact, permitting the skin to

play freely. On the centre of the palm and
hypothenar it is vei-y dense and fibrous, enclos-

ing larger pellets of fat, binding the skin very

firmly to the palmar aponeurosis and sheaths

of the fingers, towards the extremities of which
it becomes more fatty, increases in thickness,

forming a soft elastic cushion called the pulp of

the fingers. This tissue is the seat of that painful

phlegmonous inflammation, the true whitlow.

The unyielding natureof the thick consistent skill

on the one hand, and of the bones and sheaths

on the other, whereby the swollen and inflamed

pulp, together with its great number of vessels

and the nervous expansion it encloses, are vio-

lently compressed, easily account for the violent

symptoms, and call loudly for the prompt relief

of the strangulation by means of the knife, and
also indicate the great advantage of emollients.

The subcutuneoHS nerves are few, and derived

from the palmar cutaneous branch of the median
and some terminal branches of the internal and
musculo-cutaneous nerves. The veins are also

vei-y few, and give rise to the median, and are

accompanied by the superficial lymphatics.

3. The uponeurosis.—At the wrist the apo-

neurosis, derived from that of the front of the

forearm, is interwoven with and inseparable

from the anterior annular ligament, from the

lower border of which, and from the tendon of

the palmaris longus, the palmar fascia proceeds.

Above the annular ligament the aponeurosis is

attached to the extremity of the ulna, and the

pisiform and the styloid process of the radius

;

It furnishes sheaths to the tendons that do not

pass under the annular ligament, one to the ul-

nar and its nerve, and another to the radial

trunk and its volar branch. The anterior annu-

lar ligament is exceedingly strong, attached

internally to the pisiform and unciform, and ex-

ternally to the scaphoid and trapezium. It con-

sists of two layers, the one superficial, of diver-

gent fibres, derived from the tendon of the

palmaris longus when it exists, or belonging to

the origin of the palmar fascia when it does

not; the other deep, of transverse fibres, con-

tinuous with the fascia of the forearm. It

forms, together with the concavity of the pal-

mar aspect of the car])al bones, a sort of ellipti-

cal ring about two inches in its transverse, and
one inch in its antero-posterior diameter, and
gives passage to the common flexor tendons and

median nei"ve, which are enveloped by a com-
mon synovial bursa which binds them together,

and terminates in a common cul-de-sac above

and below the ligament; also to the long flexor

tendon of the thumb, which has a distinct

bursa. This ligament, from its great strength,

presents an insurmountable obstacle to the pro-

gress of tumours develo])ed beneath it, forcing

them to protrude on the forearm above the liga-

ment in the hand below it. Thus, when the

common synovial bursa of the tendons is dis-

tended, it forms two tumours, the one above,

the other below the ligament ; and upon com-
pressing the fluid from one the other will he

fouiid to enlarge. CJanglia rarely occur here.
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The annular ligament gives attacliment inferiorly

on either side to the muscles of the thumb anil

little linger, and in the centre to Clic pulmar

J'utctu, u dense fibrous layer bindmg down the

flexor tendons in their passage along the hand.

Tlie i>uliiiar J'uicia is chiefly derived from

the expansion of the palmaris longus, which,

when present, is it^ tightening muscle. It

is strongest in the palmar hollow, where it

is triangular in shape, its apex at the an-

nular ligament, and is composed of divergent

and longitudinal, interwoven with a few trans-

verse hbres; the latter, becoming gradually

fewer and more scattered, are lost on tlie

tendons running to the fingers, and some few

are at times continuous with the tendinous

sheaths of the fingers. Near the roots of the

fingers this portion of the palmar fascia divides

into four bands, which subdivide each into two
tongue-like processes, that embrace the heads

of the metacarpal bones, and are attached to

the sides of the first phalanges and the inferior

transverse metacarpal ligament. At this point

of division the transverse fibres are stengthened,

and convert these slits into four distinct fibrous

arches, through which pass the flexor tendons.

Between these arches we find three lesser ones

resulting from the primary division of the fascia.

Tliey transmit the collateral vessels and nerves,

and the lumbricales. This fascia is intimately

connected witli the preceding layer anteriorly,

lis deep surface covering the superficial palmar
arch, flexor tendons, ulnar and median nerves,

from which it is separated by loose and very

extensible cellular tissue, which permits the

tendons to play freely. This portion of the

fascia presents numerous apertures through

which the deej) fat and cellular tissue commu-
nicate with tlie subcutaneous, and when the

parts beneath are swollen they protrude, form-

ing small hemiae, which, getting strangulated in

these apertures, give rise to great pain. It de-

taches from either side two processes, a superfi-

cial and a deep one. ITie two deep processes

dive deep into the palm, to form the interosseous

aponeurosis ; of the superficial ones, the exter-

nal, assisted by the tendinous expansion of the

extensor ossis metacarpi, envelopes the thenar

muscles; the internal stronger, and assisted by
the flexor carpi ulnaris expansion, encloses

the hyjiothenar muscles, and to it is attached

the palmaris brevis. We next meet with the

strong sheaths binding down the flexor tendons
in their passage along the fingers. They are

continuous above with the palmar fascia, by
means of stron-.; detached transverse fibres,

which are prolonged over the tendons ,as they

pa.ss through the arches of the fascia; laterally

they sure firmly attached to the ridges on the

sides of the phalanges. On the bodies of the

two first phalanges these sheaths are very

strong and resisting; but opposite the articula-

tions they become very tlun, and are often

wanting; so that the synovial sacs of the ten-

dons are in contact with the subcutaneous layer;

and it is through these spaces that the inflam-

mation in whitlow is propagated to the synovial

membrane and joints. At the last joint of the

fingers tl.cy become weak and tlun, and aio

confounded with the pulp and periosteum.

They each enclose a distinct elongated synovial

sac, which reaches as far upwards as the fibrous

arch of the fascia, but does nut communicate
with the synovial membranes of the joints, en-

tirely enveloping the flexor tendons, lubricating

them, and facilitating these motions in the

sheaths. At the point where the tendon of the

profundus passes through the divisions of the

subliinis, there is a falciform process of the

synovial sheath of considerable strength, at-

taching the tendon of the latter to the first pha-
lanx, so that if the fingers be amputated at the

second joint, the power of moving the first

phalanx will still be retained, though the con-
trary has been stated. We may here likewise

notice that the gradual contraction of the three

last fingers occurring in adults, (crispalura ten-

liinum,) formerly tliought incurable, as it was
supposed to be the result of a drying or con-
traction of the tendons, is stated by Karoo
Dupuytren to be nothing more than a band or

strip of the palmar fascia, adhering to the

sheath of the tendon, upon the division of
which a complete cure may be effected; or it

may be caused by a fibrous transformation of
the subcutaneous cellular layer, depriving it of
its elasticity, and causing it to contract, so that

the finger cannot be extended. What favours

this opinion is, that this malady generally oc-
curs in labourers, boatmen, and those whose
avocations necessitate constant flexion of the

fingers, at the same time that firm pressure is

kept up, especially against the roots of the
three inner fingers, as in handling a spade, or
grasping -an oar.

4. The vessels and nerves are exposed on
removing the fascia, being immediately under-
neath it. The palmar aspect of the hand being
that of flexion, according to the general rule of
arterial distribution, tlie principal trunks are
there found; they are the ulnar and radial

arteries, and a branch of the intero.sseous ac-
companying the median nerve.

Tlie ulnar artery at the wrist lies on the
annular ligament, to the radial side of the pisi-

form bone, where it is covered by the expan-
sions of the flexor carpi ulnaris; it then curves
towards the mesial line, and crossing the annu-
lar ligament, traverses the palm between the

fascia and the flexor tendons, in a curve<l direc-

tion towards the centre of the metacarpal bone
of the index finger. In this course it forms an
arch, the convexity of which looks downwards
and inwards, towards the ring and little fingers,

ibi concavity being turned to the ball of the

thumb. It then inosculates with two branches
from the radial, the sujierficialis volse, and the
radialis indicis, forming thus the superficial

palmar arch, from the convexity of which pro-

ceed four digital arteries which subdivide into

the collateral branches at about two lines below
the metacarpo-phalangean articulations ; they
supply the palmar and lateral surfaces of all the

fingers except the thumb and the radial side of
the index finger. They all run along the sides

of the fingers external to the sheaths, to the
last phalanx, where those of eitherside coalesce,

IVriniiig an aich, fioin whicli arise numerous
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branches to supply the pulp of the fingers.

When tlie artery arrives at llie wrist, it sends

off two regular branches, the arteriae carpi ulna-

res anterior et posterior, to the fore and baok
parts of the joint. After crossing the annular

ligament, it detaches also a deep communicat-
ing branch, which dips down between the

flexor brevis and abductor minimi digiti, to join

tlie deep arch from the radial.

The radial artery, just below the styloid

process of the radius, passes round to the back

of the wrist under the two external extensors of

the tliumb, to the cleft between the two first

metacarjial bones, where it again passes into

the palm between the heads of the first dorsal

interosseous, and then between the short tlexor

and adductor of the thumb, to form with the

communicating branch from the ulnar the deep
palmar arch. In this course it lies upon the

capsular and external lateral ligaments, and
close upon the head of the first metacarpal

bone ; it is therefore generally divided in the

amputation of that bone ; but it would often be

avoided, were the edge of the knife kept close

to the inner side of the bone, as it is carried

down to the joint. Before it curves round the

wrist, this artery gives off the superficialis volie,

a branch which runs over the annular ligament

to unite with the superficial palmar arch; also the

anterior carpal branch, which anastomoses with

the anterior interosseous and corresponding ulnar

branch. At the back of the carpus it detaches

the dorsalis carpi radialis, which inosculates

with the corresponding branch from the ulnar;

it runs beneath the extensor tendons, supplying

the synovial membrane and the bones of the

carpus ; it also anastomoses with the posterior

interosseous. This branch generally sends off

the metacarpal artery, which forms a kind of

Eosterior arcn across the heads of the metacarpal

ones, that supplies the integuments and inter-

ossei muscles ;— this metacarpal branch some-
times arises from tlie trunk of the radial. The
only remaining dorsal branches are, the arteriae

dorsales pollicis, in general two distinct branches,

but sometimes arising by a common trunk.

They run along the dorsum of the thumb, the

one on the radial, the other on its ulnar side

;

this last sends a branch to the index finger, the

dorsalis indicis. The radial artery then dips

deep into the palm, as before described, and
flivides into its three terminal branches : the

first is the magna pollicis, which runs along the

ulnar side of the metacarpal bone of the thumb,
and at its inferior extremity divides into two
collateral branches, which are distributed simi-

larly to those of the fingers. The next branch
is the radialis indicis, which forms the external

collateral artery of that finger; it receives a

branch of communication from tlie superficial

palmar arch. Lastly, the arteria palmaris pro-

funda ; this runs deeply into the palm, generally

separating the flexor brevis and adductor pollicis

muscles. It crosses the interossei and anterior

part of the superior extremities of the metacarpal

bones ; it is covered by the deep flexor tendons

and lumbricales; and opposite the fifth meta-
carpal bone inosculates with the communicating
ulnar,—completing thus the dee|i palmar arch,

the convexity of which is towards the fingers

;

and it gives four or five regular branches, which

supply the interossei, and at the clefts of the

fingers anastomose with the digital branches.

This arch is less oblique, and farther from the

fingers, than the superficial one.

Thus we see that the disposition of the arteries

of the hand is peculiar, and is somewhat analo-

gous to that of the venous system generally,

—

viz. that they are divided into a superficial and
<leep set. The question naturally occurs, whe-
ther it may not be for the same cause, viz. that

when pressure obstructs the superficial vessels,

the deep may still carry on the interrupted cir-

culation ? In the hand, as we have seen, the

communications between the deep and super-

ficial arches are frequent and free, while we
daily experience with what violent and continuea

pressure the circulation through the superficial

arch is liable to be interrupted.

The varieties of the arteries of the hand are

numerous : sometimes the radial predominates,

at other times the ulnar, in the share they respec-

tively take in supplying the hand; they are

always in an inverse ratio; and if both are small,

then the artery of the median nerve derived

from the interosseous is proportionably large.

From the constant call for vigorous and rapid,

as well as sustained and powerful action, the

hand, with the exception of the tongue, is the

most vascular of the voluntary locomotive mem-
bers of the human body. The communications

between its arteries are so numerous and free, as,

in cases of simple wounds of this region, fre-

quently to prove a source of great embarrass-

ment to the surgeon, and, in unskilful hands, of

danger to the patient. Wounds of the integu-

ments of the palm often bleed profusely, and
are liable to secondary ha-morrhage. This may
in some measure be accounted for by the pecu-

liar density of the cellular tissue and skin, and
its intimate connection with the subjacent fascia,

which, as well as the numerous branches given

off from the divided vessels, prevent their re-

traction, nor can a coagulum easily form around
them ; they are not generally vessels that require

a ligature, (excepting in cases similar to one
related by M. Velpeau, where the arteries of
the hand were in a varicose state, and of an
enormoHs size,) but where ordinary means fail,

plugging the wound, the continued application

of cold, and a tightish bandage up to the

shoulder, in order to moderate the circulation

in the whole limb, will usually stop even very

severe bleedings. If these means should not

succeed, and no large divided vessels can be

seen in the wound, the surgeon must tie one or

even both arteries above the wrist. The inos-

culations with the interosseous will sometimes
even then allow the bleeding to continue, espe-

cially in cases where the median branch is

large, or helps to form the arch ; but pressure

and cold will then soon stop the remaining

ha-morrhage.

Veins.—The deep ones accompany their

arteries ; the superficial veins are very few on
the palm.

The lymphatics accompany the veins.

The nerves of this region are superficial and
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deep : tlie former have been already noticed

;

the latter are tlic median and ulnar. The first

passes under tlic annular ligament with the

flexor tendons; it then divides uito five branches,

behind the superficial palmar arch. The first,

or most extem;U of these branches, supplies

the short muscles of the thumb ; the second
sends one or two deep branches down to tlie

interossei, to communicate with tlie deep palmar
branch of the ulnar nerve ; it then finishes on
the outer side of the thumb; the remaming
three branches soon bifurcate, and are distri-

buted to the ulnar side of the thumb, to both

sides of the index and middle, also to the radial

side of the ring finger
;
giving likewise a branch

to each corresjwnding lumbrical muscle.

The ulnar nerve passes over the annular liga-

ment to the inlenial and posterior side of its

arter)' ; while passing over the ligament, it sends

the cutaneous branch to the skin on the hypo-
thenar, and tlien it divides into three branches :

first, the deep palmar branch, which accom-
panies the communicating branch of the artery,

and behind the deep palmar arch unites with

the branch sent from the median to supply the

deep muscles ; the next branch supplies the

tilnar side of the little finger and its muscles
;

while the remaining branches supply the col-

lateral nerves not furnished by tlie median, to

the radial side of the little, and the ulnar side

of the ring fingers. All these collateral nerves

accompany the corresponding arteries along tlie

sides of the fingers, giving numerous branches

in their course tliat terminate in the skin ; and
on the last phalanx they divide into two branches,

a dorsal and palmar : the dorsal, or ungual
branch, is lost in the skin, under the nail ; and
the palmai' is expanded in tlie pulp of the
fingers. It is remarkable that the nerves of the

opposite sides of the fingers never anastomose.
The muscles and tendons with which the

hand is pre-eminently endowed, lastly present
themselves for our consideration. In the upper
part of this region, or in front of the wrist,

there are scarcely any muscular fibres, except-
ing a small jiortion of the origins of the thenar
and hypotheiiar muscles ; and sometimes the
lower border of tlie jironator quadratus reaches
as far, or a little below the imaginary line we
have marked out as tlie sujjerior boundary of
this region. But we have no lack of tendons
in this part ; for we here find an assemblage of
them more numerous, and more tightly packed,
than in any other part of the body ; they are
also invested by synovial sacs, and jkiss through
the carpal ring, which was described in speak-
ing of the annular ligament in which they are
closely bound down. There are, however, some
that do not pass through this ring, and they are
the following :—Most externally is the tendon
of the supinator longus, which terminates by
being inserted into the radius at the upper
boundary of this region ; then the tendons of
the extensores ossis metacarpi, and primi inter-
nodii pollicis, running in the most external
groove in the radius, which is converted into a
sheath for tliem by a process of the posterior
annular ligament. The radial artery passes

under these, separating them from the joint in

its p>assage to the back of ttie wrist.

More internally we have the tendon of tlie

flexor carpi radialis |)assing into the palm, be-

hind the external reflected portion of the annu-

lar ligament, in a canal destined for it in the

scaphoid and traiiezium ; the next tendon is

that of the palmaris longus, which here begins

to expand on the anterior surface of the annular

ligament, to which it is also attached; and
lastly, we find the flexor carpi ulnaris tendon

implanting itself into the pisiform bone. This

tendon, and those of the short extensors of tlie

thumb, form the lateral boundaries of this

region, dividing it from the dorsal.

All the other tendons from the firont of the

fore-arm pass through the carpal ring; they

are nine in number :—Four of the flexor subli-

mis ; four of the flexor profundus,—these are

all bound up in a common synovial sheath,

along witli the median nerve; the remaining
tendon, that of the flexor pollicis, is situated

more externally, and has a distinct synovial sac.

All these tendons, after emerging fiwm under
the annular ligament, diverge towards the differ-

ent fingers to which they are destined. In the

palm they are placed beneath the aponeurosis,

and lie upon the palmar interossei and the

adductor pollicis.

As the muscles of the palm have already

been described, (see Hand, muscles of,) we
shall not notice them further than merely to

observe, that the intrinsic muscles of the thumb
and little finger constitute the external and in-

ternal regions of the palm, which tliey almost
solely occupy ; while the middle region, or

hollow of the palm, is occupied not only by
the remaining intrinsic muscles, (the interossei

and lumbricales,) but also contains the tendons

just described, with their synovial sheaths, as
well as the principal vascular and nervous
trunks of the hand. Wounds are therefore more
dangerous in the middle of the palm tlian on
either the external or internal regions, which
are constituted principally of muscle, having
but a thin aponeurosis and no important vessels

or nerves. It is also worthy of remark, tliat

the short muscles of the thumb, especially the

abductor, flexor brevis, and adductor, though
they act but indirectly on the first metacarpal

bone, present a serious obstacle to its dislocation

forwards ; tlieir action tending to throw its base

backwards, whilst, by their bulk and tension,

they repel its attempts to slip forwards.

Having now examined all the soft parts on
the palmar region, as nearly as possible in the

order in which they would have been exposed
by the dissector, we proceed to the second

division of our subject, and shall consider the

various layers of the dorsal region in similar

order.

II. The dorsal region of the hand is convex
and irregular; the veins are large and promi-

nent. \Vhen the hand is extended the extensor

tendons stand out in strong relief, converging

at tlie wrist ; and when flexed the heads of the

metacarpal bones and phalanges protrude. The
other prominent external characters of this
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region are, at the superior and external |xtrt,

wlieii the thumb is extended and abducted,

an elongated depression, bounded externally

by the two short extensor tendons of the thumb,
and internally by its long extensor and the

tendon of the extensor carpi radialis longior.

In this depression the pulsation of the radial

artery may be felt, also the lieads of the two
first metacarpal bones : internally and about
the same level there is a hollow corres-

ponding to the union of the wrist and hand
;

and at this point we can feel the tendon
of the extensor carpi ulnaris and the sty-

loid process of the ulna. When the thumb is

adducted the first dorsal interosseous projects

considerably. The fingers appear longer on
their dorsal aspect, the interfigital web that

was noticed on their palmar surface being here

wanting.

1. The skin is very loose and thrown into

transverse folds ; opposite the two last joints of

the fingers may generally be seen three or more
transverse furrows ; the middle one is the

deepest and most constant, and an incision

made about a line and a half below it will hit

upon the articulation. It resembles that on
the back of the fore-arm, but it gradually

thickens at the sides as it approaches the palmar
surface. Hairs and sebaceous follicles are

most abundant on the ulnar side of the back of
the hand and on the first phalanges. On the un-
gual phalanx, the skin, as it approaches the nail,

becomes tighter and glabrous, extends for about
two lines over the root of the nail, and is then

reflected back, so as to be continued over its

anterior surface to its free border, where it

becomes continuous with the skin of the pulp
of the fingers. It is in this portion of the skin

about the roots of the nails that the false whit-
low, called by the French tuurniule, takes

place. It is an inflammation more of an
erysipelatous than a phlegmonous nature, some-
times attacking several fingers successively or

at once, therein differing from the true whitlow,

which is generally confined to one finger.

Warts also frequently occupy the skin of the

dorsum of the fingers, especially in those that

have to perform hard manual labour.

2. The subcutaneous layer is very lax, serous

infiltration easily taking place ; it contains no
pellets of fat like that of the palmar surface.

The veins are subcutaneous, large and nu-
merous; all the large veins of the hand being

on its dorsal surface, the venous circulation is

not interrupted by the effort of prehension.

On the back of the fingers they form a com-
plete net-work, which gives rise to the dorsal

collateral veins of the fingers. At the inter-

osseous sjjaces these unite as the arteries di-

vide, and then proceed towards a kind of dorsal

venous arch, the concavity of which is upwards,
and from which arise larger branches; these,

in conjunction with one from the little finger

called the venu sulvatella, and another from the

thumb called the cephalic, form the basilic and
cephalic veins described in the fore-arm. (See

FouE-AKM.) Some people prefer being bled

on the back of the hand, but, owing to the

laxity of the skin and subcutaneous layer, con-

siderable extravasation of blood is apt to take

place. The subcutiineous nerves, derived from
the dorsal branch of the ulnar, and the ter-

minal branches of the musculo-spiral accora-

[lany the veins, as also do the lymphatics.

3. The upiinturosis is continued from that of
the back of the fore-arm ; it is strengthened

across the back of the wrist by strong parallel

oblique fibres, forming a band of nearly an
inch in breadth; which extends obliquely down-
wards over the extensor tendons from the sty-

loid process of the radius to the internal lateral

ligament of the wrist.* It sends down strong

processes between the tendons that convert the

grooves in the back of the radius and ulna into

sheaths, which are as follows:— 1st, that noticed

on the palmar region for the short extensors of

the thumb ; 2d, for tlie radial extensors ; 3d, for

the long extensor of the thumb ; 4th, for the

extensor communis and nidicator tendons;

5th, for the extensor minimi digiti ; 6th and
last, for the extensor carpi ulnaris. The meta-

carpal aponeurosis is very thin and split into

two layei-s ; the pne separates the subcutaneous

layer, vessels, and neives from the tendons;

the other covers the dorsal interossei, isolating

them from the tendons.

4. The nerves are, externally, the radial,

which sends one branch, that, bifurcating, sup-

plies the thumb and radial side of the index

finger ; and another, which in like manner fur-

nishes the inside of the index and the middle
finger. Internally the posterior branch of the

ulnar supplies the two remaining fingers. These
branches receive frequentcommunicating ramuli

from the anterior collateral nerves.

5. Tendons and muscles.—The former are

less numerous on this region than on the pal-

mar ; the Older in which they cross the wrist

was mentioned in describing the aponeurosis.

If the divisions of the extensor communis be
enumerated, they are twelve in number; four

of these are inserted at the base of the meta-

carpal bones of the thumb, index, middle, and
little fingers ; they are the extensor ossis meta-
carpi pollicis, extensores carpi radiates, and
extensor carpi ulnaris. The other tendons

proceed onwards to the phalanges. Those of
the common extensor are flattened and riband-

like; ihe three inner ones communicate with

each other, while that going to the index is

free. Opposite the metacarpo-phalangean arti-

culation these tendons narrow and thicken,

sending an expansion to either side of the

articulation : they again flatten on ihe first

phalanges, where they receive the tendons of

the lumbricales and interossei. At the articu-

lation of the first and second phalanges they

divide into three portions: a middle one, that

is inserted into the superior extremity of the

second phalanx ; and two lateral ones, that run

along its sides, reunite at its inferior end, and
are implanted into tlie upper part of the ungual

* Generally called the posterior annular liga-

ment.
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phalanx.* The remaining tendons of the index
and little finders are implanted into the pha-
langes of those fingers with those of the

common extensor : those nf the thumb are

inserted separately. Haviiif; no sheaths, these

tendons are tirndy attached by means of a
membranous expansion to the bones to prevent

them slipping aside, nor have they here any
synovial membranes, and are therefore in con-
tact vfith tliose of the joints; but as they pass

through the sheaths in the posterior annular

ligament, they are all provided with synovial

sacs. The largest is that of the extensor com-
munis and indicator; they are less complex
than those of the palmar region, and their

inflammation less formidable and not so pain-

ful. The occurrence of ganglia is here very

frequent, lliey sometimes attain a large size

and produce considerable inconvenience. The
puncture of them is not so dangerous here as

m the palmar region.

6. Arteries.—llie course of the radial over

the back of the hand has been already noticed ;

its metacarpal and carpal branches run across

the wrist beneath the extensor tendons, unite

with the posterior car|)al branch of the ulnar,

forming a kind of dorsal arch, from which pro-

ceed the interosseous and perforating branches,

to communicate with the deep arch ; also the

dorso-digital branches, one to either side of the

fingers.

The bones and ligaments forming the firm,

light, and compact skeleton of the hand have
been elsewhere described. See article Hand,
BONES AND JOINTS.

In the amputation of the metacarpal bone of

the thumb, which is easily performed at its

articulation with the trapezium, the edge of the

knife should be kept close to the ulnar edge of

the bone, in order, if [xissible, to avoid wound-
ing the radial artery as it traverses die inter-

osseous space. Tlie metacarpal bone of the

little finger may also easily be removed by an
operation similar to that practised for the

thumb; the articulating surfaces are nearly

plane and inclined obliquely upwards and
mwards. Disarticulations may also be per-

formed of the other melacarpo-carpal joints;

but the operations are very difficult and em-
barrassing, owing to the irregularity of the

articular surfaces and their close connexions
with each other, and in removing them singly

a much neater and easier plan is, if tlieir

upper extremities are sufficiently sound, to saw
through them in an oblique direction.

In amputating at the phalangeo-metacarpal

articulations the flap is, if possible, made on
the palmar surface. At the first joint of the

fingers two flaps are preserved by making two
semilunar incisions, which extend from the

head of the metacarpal bones to the termination

of the commissure of the fingers, meeting be-
hind and before at die joint, which is an inch

above. Tliey may all be amputated together

when a single flap is made on the palmar surface

terminating at the line in die skin that bounds

* It is oot uncommon for those tendons to send a
slip to the superior extremity of the first phalanx.

VOL. II.

the commissure. In amputating at tlie other

joints of the fingers it is necessary to recollect

the marks, before alluded to when speaking of

the skin, and to divide the lateral ligaments

before entering the joints.

(F. T. M'Dougall.)

HEARING, ORGAN OF. The ear (in the

wide acceptation of the term). Organon auditit

s. tturis.— Fr. L'organe de route on I'oreille.

Germ. Das Gehororgan oder das Ohr.—As
the apparatus of vision naturally admits of

being divided into two parts, viz. the eye-ball

and Its appendages, so we can distinguish in

the apparatus of hearing a fundamental organ,

and jiarts accessory to the perfect performance

of its function. The fundamental organ of

hearing is what is commonly called the internal

ear, or from the complexity of its structure, the

labyrinth. The accessory organs consist of the

middle ear or tympanum and external ear.*

If we extend our observations to the animal

series, and trace the apparatus of hearing along

die descending scale, we shall find that the

accessory parts gradually disappear, and that

the sense of hearing comes at last to have for

its organ merely a representative of the laby-

rinth in the higher animals. This part even,

having laid aside much of its complicated

structure, presents itself under the form simply

of a membraneous pouch containing a fluid,

with a calcareous concretion suspended in it,

on which the auditory nervous filaments are

ex^nded.
The labyrinth being in the apparatus of hear-

ing exactly what the eye-ball is in that of vision,

may be distinguished by the name of ear-bulb.

The ear-bulb, like the eye-ball, consists of a hard

external case, in the interior of which are con-

tained membraneous and nervous parts and
humours. The accessory parts of the apparatus

of hearing have also their prototypes in the

accessory organs of the apparatus of vision.

The different parts of the apparatus of hear-

ing are situated in the interior and on the sur-

face of the temporal boue. See the description

of the temporal bone in the article Cranium.

I.

—

The eab-bulb, orJundamental organ of
hearing. ( Bulbe auditif, Breschet.)

In man and the higher animals, the hard ex-

ternal case of the ear-bulb is of bone, and is

called the osseous labyrinth. The sofl textures

contained in its interior bear the name of mem-
braneous labyrinth. The interior of the osseous

labyrinth, which we may with Breschetf call

the labyrinthic cavity, is not completely filled

by themembraneous labyrinth ; the remaining

space is occupied by a limpid watery fluid.

1 . The osseous labyrinth (labyrinthus osseus ;

Fr. Labyrinthe osseuj! ; Germ. Das knocheme

Labyrinth.)—The osseous labyrinth presents

three compartments, distinguished by the names

* Haighton, in Memoir* of the Medical Society

of London, vol. iii. p. 7. London, 1792.

t Recherches anatomiques et physiologiques tut
rorganc dc Touie et sur I'audition, &c. chap. i. s, x.

Paris, 18.36.

2n
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of vestibule, semicircular canals, and cochlea.

The semicircular canals and cochlea do not com-
municate immediately with each other, but only

mediately throuijl) the vestibule. The latter

may be considered the principal compartment.
The osseous labyrinth is imbedded in the

substance of the petrous portion of the temporal
bone, from the compact texture of which it is,

in the adult, scarcely to be distinguished. In
the early periods of life, however, its walls con-
sist of a hard but brittle osseous substance,

around which is the then less compact tissue of

the petrous bone. Hence it is in a young bone
only, and that by means of some little prepara-

tion, that the external form of the osseous laby-

rinth can be well demonstrated.
Of the compartments of the osseous laby-

rinth, the vestibule lies in the middle, the semi-

circular canals behind it, and the cochlea in

front.

Vig. 232.

The exterior of tlie osseous lahyrinth of the left side.

Natural sixe.

a. Oval or vestibular fenestra ; b. round or
cochlear fenestra ; c. external or horizontal semi-
circular canal ; d. superior or anterior venical se-

micircular canal ; e. posterior or inferior vertical

semicircular canal
; f. the turns of the cochlea.

The vestibule, (vestibulum ; Fr. le vestibule ;

Germ, der Vorhof.)—The vestibule is an irre-

gularly shaped cavity, the diameter of which
from above downwards, as also from behind
forwards, may be stated to be about one-fifth

of an inch. The distance between its inner

and outer wall is somewhat more than one-

tenth of an inch. In an anatomical sense we
can distinguish in it three horns, one of which
is towards the anterior and lower part, another

towards the posterior and lower part, whilst

the third composes the upper part of the vesti-

bular cavity.

The anterior and lower horn leads by an
oval opening directed forwards and downwards
into the vestibular scala of the cochlea. This

opening is called the vestibular orifice of the

cochlea, ostetnn s. aperturu scalte vestibuli

cochlea. The posterior and lower horn of the

vestibule corresponds to three of the orifices of

the semicircular canals; the upper horn to

the other two orifices.

At the under part of the inner wall of the

vestibide, within the limits of its anterior horn

and to the inside of the vestibular orifice of the

cochlea, is a hemispherical depression, y()i;fa

hemispherica s. sub-rotunda. Its bottom, which

corresponds to the posterior part of the lower

depression at the bottom of the internal audi-

tory meatus, presents a sieve-like spot, macula

cribrosa, that is, it is perforated by minute

apertures for the p;issage of filaments of the

auditory nerve. On the upper wall of the ves-

tibule, bordering the upper margin of the hemi-

spherical fossa and within the limits of the

upper horn, is another depression, of an oval

shape, which is known by the name o( fovea

hcmi-etltptica. The hemispherical and hemi-el-

liptical depressions are separated by a ridge or

pyramidal eminence, eminentia pyramidulis,

pervaded by small canals for the passage also

of nervous filaments. On the inner wall of the

vestibule, a little in front of the orifice common
to the two vertical semicircular canals and

within the limits of the posterior horn, there is,

bordering on the hemi-elliptical and hemisphe-

rical depressions, below the former and behind

the latter, another very small depression or

sulcus, fossa s. cuvitas sulciformis, which leads

upwards and backwards to a small oblique

orifice, that of the aqueduct of the vestibule,

osteum internum acjueductus vestibuli. At the

middle of the inner wall of the vestibule, where

the boundary lines of these three depressions

meet, there is a slight eminence.

The inner wall of the vestibule corresponds

to the bottom of the internal auditory meatus,

and is pervaded by small canals, some of which

have been already mentioned, for the passage

of fibrils of the auditory nerve and of blood-

vessels.

In the outer wall of the vestibule there is an

oval, or rather a kidney or bean-shaped hole,

caWedJ'oramen ovale, s. fenestra ovalis, s.fenes-

tra vestibuli. The long diameter of this aper-

ture, which is about one-tenth of an inch or

perhaps a little more, is directed from behind

forwards. Its vertical diameter is about half

that of its long diameter. The upper part of

the circumference of the hole is arched up-

wards, the lower part is slightly inclined in the

same direction. The margin of the vestibular

fenestra is turned in towards the vestibule.

Viewed from the tympanum, into which it

opens in the macerated bone, the vestibular

fenestra appears situated at the bottom of a

fossa, which was called by Cotugno pelvis

ovalis. In the recent state the vestibular fene-

stra is closed in by the base of the stapes.

The semicircular canals, (canales semicircu-

lares ; I'V. les canaux scmicirculaires ; Germ, die

Bogengdngc oder halbcirkelfvrmigen Candle.)

These are three canals, which, describing more
than the half of an irregular circle, open at each

of their extremities into the vestibule ; hence,

if it was not for the circumstance that two
unite by one of tlieir extremities to form a
common short canal, there would be in the

vestibule six orifices of semicircular canals, in-

stead of the five only which exist. The calibre

of these canals is about one-twentieth ofan inch

in the direction from the concavity to the con-

vexity of their curve; in the opposite direction

tliey are somewhat compressed, so that a trans-

verse section, instead of ])resenting a round

orifice, presents an elliptical one. The semicir-

cular canals are wider wiiere they open into the

vestibule, but especially so at one of their ex-

tremities, which presents a dilatation in the

form of a bulb, called ampulla or ampuUary
sinus, sinus ampullaceus.

Two of the semicircular canals occupy a

vertical position and one of them a horizontal.
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Of the vertical, one is anterior and superior,

the otlier posterior and inferior. The horizon-

tal is eitcnml.

Superior vertical semicircular canal, canalis

temicireuluris verlicaim superior. Tlie superior

vertical semicircular caniil has its arch directed

upwards, and its extremities, which are more
widely divergent than those of either of the

other two semicircular canals, downwards. Fol-

lowed from its outer extremity, it describes its

curve from without and upwards, then down-
wards and inwards, with an inclination from

before backwards,—in a word, across the petrous

bone. The convexity of the curve of this semi-

circular canal can always be recognized on the

upper surface of the (letrous bone. Tlie con-

cavity of it is free in the fcctus and in the adult

of some of the lower animals, as tlie dog, hare,

&c.

The inner extremity of the superior vertical

semicircular canal and the upper extremity of

the posterior vertical unite to form a common
canal, canulis corrmmnis, which is about one-

eighth of an inch long, and somewhat wider

than either of the two which unite to form it.

Posterior vertical semicircular canal, canalis

semicircularis verticalis posterior. Leaving the

common canal, the posterior vertical semicircu-

lar canal describes its curve parallel to the

inner and posterior surface of the petrous bone,

perpendicularly from above backwards, then

downwards and forwards. The convexity of

the curve is thus directed backwards and

slightly outwards, its extremities forwards and

inwards.

Horizontal semicircular canal, canalis semi-

circularis horizontuUs. This is the shortest of

tfie three canals ; traced from its anterior extre-

mity, which is close to that of the superior ver-

tical, it curves outwards and baokwaids, then

inwards and forwards. Its convexity is out-

wards, its extremities directed inwards.

We described in the vestibule three horns,

into the posterior and into the superior of

which the semicircular canals opened. In the

superior horn is observed the orifice of the ex-

ternal extremity of the superior vertical semi-

circular canal, and immediately below that and

above the fenestra vestibuli, the orifice of the

anterior extremity of the horizontal semicircular

canal. Both of these orifices are dilated into

ampulla:. In the jiosterior horn is the orifice

of the canal common to the two vertical semi-

circular canals. Below and in front of this

orifice is the opening of the inferior extremity

of the posterior vertical semicircular canal.

Above die latter and immediately outside the

former is the opening of the posterior extremity

of the horizontal. Of all diese orifices in the

posterior horn, that of die lower extremity of

the posterior vertical semicircular canal is tlie

only one which is dilated into an ampulla.

Tliere are thus three ampullary dilatations,

one at the outer extremity of the suj^erior verti-

cal semicircular canal, a second at the anterior

extremity of the horizontal, and the third at the

lower extremity of the posterior vertical. In
the lower and anterior wall of the ampullary

sinus of the posterior vertical semicircular canal

is a small sieve-like spot indicating the entrance

of nervous filaments.

The cochlea, (cochlea; Tt.lelimagon; Germ.

die ScAKwfe.;—The cochlea does not exist in

all its perfection except in the Mammifera. In

birds it is in a very rudimentary state, but it is

easy to trace parts analogous to what we find

ill the Mammifera. lu regard to frequency of

occurrence in the animal series, the cochlea

does not stand next to the semicircular canals

;

the tympanum is found in a greater number of

animals.

The cochlea forms the anterior part of the

labyrinth, and is, perhaps of all the parts of

the ear, that of which it is the most difficult to

give, either by descriptions or delineations, a

correct idea. If we can figure to ourselves a

tube tapering towards one extremity where it

ends in a cul-de-sac, and coiled, like the shell

of a snail, round an axis or central pillar; and

if we suppase diis tube subdivided into two

passages by a thin partition running throughout

iu length, and of course spirally round the

axis, we shall have some conception of the

disposition of the cochlea.

The tube of which tlie cochlea is composed,

canalis spiralis cochletr, is about an inch and a

half long, about one-tenth of an inch in dia-

meter at its commencement, and about one-

twentieth of an inch at its termination. It

describes two turns and a half, and that in a

direction from below upwards—from left to

right in the right ear, and from right to left in the

left ear. The apex of the coil, which is also the

apex of die tube itself, is directed forwards and

outwards. The commencement of the first

turn of the cochlea forms an eminence towards

the cavity of the tympanum, called the pro-

montory. The second turn lies at its com-

mencement within the first, and only towards

its termination rises decidedly above the level

of it. By the base of the tube the cochlea is

connected with the vestibule. The cul-de-sac

at the apex forms a sort of vaulted roof called

cupola.

The axis, or central pillar, modiolus s. colu-

mella cvchlcte. The first turn of the cochlea

takes a wider circular sweep than the rest, a

sweep having an average diameter of a quarter

of an inch, and is separated from the second

turn by the interposition of a soft bony sub-

stance, which extends also a little way between

tlie second and third. The axis, or central

pillar, as has been pointed out by llg,* is

nothing more than tne internal walls of the

tube of the cochlea and the central space

circumscribed by their turns, in which space

the filaments of the cochlear nerve, running in

small bony canals, are contained. Now in con-

sequence of the wide sweep the first turn of

the cochlea takes in comparison with the rest,

the axis is very thick, about one-seventh of an

inch, where it is surrounded by the first turn,

and rapidly becomes thinner from the second

onwards to its termination. The last part of

it is in feet formed merely by the fold which

• Einige anatomische

Prag. 1821, p. 7.

Beobachtangen, etc.

2 N 2
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the internal wall of the tube of the coclilpa ne-

cessarily forms wliere it bends abruptly at the

last turn. Tliis hist part of the axis, viewed

from the cavity of the second turn of the tube,

has a funnel-like appearance, the wide mouth
correspoiidin;,' to the cupola; hence it is called

inf'undibulum or sa/plnis. IJut viewed from the

last turn, the so-called infiindibulum is a mere

free edge which proceeds directly to be con-

founded with the walls of the cochlea. But
all this, if the disposition of a snail's shell, or

a tube coiled round be rightly conceived, is

understood of itself

Exposed by the removal of the outer walls

of the cochlea, the axis is somewhat like the

common pictorial representations of the tower

of Babel. It has a spongy porous appearance.

It is pervaded by numerous small canals which

run from its base onwards to orifices on its

sides, corresponding to the spiral lamina, and

transmit into the cochlea the ramifications of

the cochlear branch of the auditory nerve and
bloodvessels. 'I'he outermost of the canals are

the shortest; towards the interior they gradually

become longer, and there is one canal in parti-

cular wider than the rest, which runs through-

out its whole length; it is called tubulus cen-

tralis modioli, and opens at the so-called in-

fundibulum.

The base of the axis corresjionds to the an-

terior part of the inferior depression at the

bottom of the internal auditory meatus, and
presents the commencing orifices of the small

canals just mentioned, arranged in a spiral

manner corresponding to the turns of the coch-

lea, tructui spiralis Jbraminulentus of Co-
tugno.*

Spiral lamina and scalte of the cochlea.—
The passages into which the tube of the coch-

lea is subdivided are called scala, and the par-

tition lamina spiralis.

The spiral lamina is partly bony, partly

membraneous; but as we are describing the

osseous shell of the labyrinth only, it is with

the bony part alone we have at present to do.

The bony part of the spiral lamina, zonula ossca

lamin(C spiralis, is coiled round the axis or cen-

tral pillar of the cochlea like the stairs in a

spiral staircase. The internal or central margin

of the bony spiral lamina is inserted on the

axis. Its peripheral margin is free in the dry

bone, so that the two scalae are not found com-
pletely separated from each other, as in the re-

cent state, when the membraneous extension of

the spiral lamina exists. At the place where

the spiral lamina is inserted on the axis, there

is a sort of canal all round, which has been

specially described by Rosenthalf under the

name of canalis spiralis modioli.

The spiral lamina commences with a bend

or sweep upwards and forwards at the base of

the cochlea, below the hemispherical depres-

sion of the vestibule and opposite the bridge of

bone which separates the vestibular fenestra

* De aqueduct ibus auris humanx internae ana-

tomica disscrtatio, 9. xxiv. pp. 36—38. Vienna,

1774.

f Ueber den Ban dor Spindcl im menschlichen

Ohr. In Meckel's Archiv. Bd. viii. p. 75.

from the cochlear fenestra. Its broadest part,

which is about the middle of the fii'st turn of

the cochlea, is about one-twentieth of an inch.

Towards the summit of the cochlea it insen-

sibly contracts, and ceasing to be connected

to the axis, where the latter presents the free

margin already mentioned, terminates at the

commencement of the third turn in a curved

hook-like point. This hook, hamulus luminte

spiralis, has a free concave margin towards the

axis, and a convex margin, which latter, how-
ever, like the rest of tlie peripheral margin of

the bonv spiral lamina, is not free in the recent

state, but is continuous with the membrane
which completes the partition.

In consequence of the above mode of termi-

nation of the bony spiral lamina by means of

a free margin towards the axis of the cochlea,

an opening of communication is left, even in

the recent state, between the two scalae of the

cochlea. For this opening, which was called

by Cassebohni* canatis scularum communis, we
adopt from Bresclietf the name htiicolrema.l

Ihe bony spiral lamina consists of two thin

plates of bone, between which run numerous
small canals from the central margin of the

lamina to its peripheral—the continuation of

those already described in the axis, and which
therefore bend at a right angle in [lassing from

the axis into the spiral lamina. At the free

edge of the osseous part of the spiral lamina,

the two plates of bone are intimately incorpo-

rated. This part of the bony spiral lamina,

which is more delicate, denser, whiter, more
transparent, and, in the recent state, more
elastic than the rest, is what Breschet calls the

middle zone. The surface of the spiral lamina

corresponding to the tympanic scala is much
marked with striae running from the inner

margin to the outer. The surface correspond-

ing to the vestibular scala is less striated.

Of the two scalae of the cochlea, one, scala

tympuni, communicates with the cavity of the

tympanum through the fenestra rotunda or

cochlear fenestra, which however, in the recent

slate, is closed by a membrane ; the other,

scala vestibuli, opens by an oval orifice freely

into the vestibule, and it is only by means of
the communication which the tympanic scala

has with the vestibular scala through the heli-

cotrema that the former communicates with the

rest of the labyrinthic cavity. The tympanic
scala is wider at the commencement than the

vestibular, which on its part again is larger

toward the termination. Near the fenestra ro-

tunda there is in the tympanic scala a very

minute orifice, that of the aqueduct of the

cochlea. We shall return to the spiral lamina,

the scaloB of the cochlea, and the mechanism of

the helicotrema, when speaking of the mem-
brane lining the labyrinthic cavity.

The aqueducts.—What are called the aque-

ducts are two canals of very minute calibre,

opening by one extremity in the labyrinthic

* Tractfatus quintus aiiat. de aure humana, etc.

Hals Magd. 1736, ». 194, p. 12.

t Op. cit. s. xiv,

% EXi{, fXio-j-M, txrfMre, «nd rfn/jiit, foramen.
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cavity, and by the other on the surface of the
petrous (Kirtion of the temporal bone. They
are generally associate*! witli the name of Co-
tu)(no,* wlio, though not their discoverer, was
the first to give a complete description of them.
One, called aqueductus vo/iiu/i, communicates
With the vestibule ; the other, aqueductus coch-
teir, with the tympanic scala of the cochlea.
The internal orifice of the aqueduct of the

vestibule is observed to commence by a groove
or sulcus, the sulcifonn dtprcssiuii already de-
scribed in the vestibule, immediately below
and in front of the opening common to tlie two
vertical semicircular canals. From this the
aqueduct turns itself round the inner wall of
the common canal, and then follows a course
downwards and backwards. Gradually widen-
ing, it opens under Uiat sort of osseous scale
observed a little behind the middle of the pos-
terior and inner surface of the petrous bone,
just above the jugular fossa ; towards the latter

there is usually a groove nmiiing oti die surface
of the bone from tlie orifice of the aqueduct.
Tlie length of the course of the aqueduct of
the vestibule is about one-third of an inch.

The aqueduct of the cochlea commences by
a very small orifice in the lower wall of the
scala lyinpani immediately before the fenestra
roiunda. It proceeds downwards, inwards,
and forwards, in the inner wall of the jugular
fossa of the temporal bone, and widening in
its c-oiirse it opens at the bottom of that tri-

anguhir pyramidal depression, situated towards
the middle of the edge which limits the inner
and inferior surfaces of the petrous bone, and
l>elow the internal auditory me;itus. The
leniith of Its course is about a quarter of an inch.
The aqueduct of the cochlea is very wide in

the pig. Of the aqueducts we shall observe
farther in s|)eaking of the membrane lining
the labyijnthic cavity.

Pig 233.

The luAyrinfAic cavity of the right tide, magmfied
two diametert,

a. aupprior horn of the vestibiilB -, h. posterior
and inferior horn ; c. anterior and inferior horn
leading into the cochlea ; d. Iicmisphcrical depres-
sion ; e. heioi. elliptical depression

; f. pyramidal
elevation helween the two havini; a pornos sieve
like appearance from heinp pervaded by canak for
the paHsajfC of nervous tilafnents ; i], superior
vertical semicircular canal ; A. its ampiillary dila-
tation ; i. posterior vertical semicircuhir canal

;

k. its ampiillary dilatation; /. canal ccminon lu

the lupcrior and posterior vertical semicircular
canals; m. orifice Ity which the common canal
opens into the vestibule ; ti. horizontal semi-
circular canal ; o. iu ampullary dilatation

; p.
vestibular orifice of the aqueduct of the vestibule

;

f. o«seon8 part of the spiral lamina, seen from the
surface which corresponds to the vestibular scala;
r r. space which is occupied by the membraneous
part of the spiral lamina ; ». hamulus or hook ia
which the bony spiral lamina ends ; t. helico-
trema ; u. subst^mce of the petrous bone, between
the first turns of the cochlea ; r. orifice of the aque-
ductus cochlea;.

Mc7iibrane lining the lubi/rinthic caviti/.—
The cavities of the osseous labyrinth whicli we
have just described are lined by a serous or
fibro-serous membrane, extremely delicate and
closely adherent to die surfitces. Tlie inem-
brane<iui lubt/rinth must not be confounded with
it. This membrane, which may be compared
to that serous pellicle on the inner surface of
the sclerotica, known by the name of mem-
brana fusca or araclinotdea oculi, is more
manifest at an early age than in adults, and is

nowhere «o distinct as at the places where the
nerves enter, and at the bottom of the tym-
panic scala of the cochlea. It is it which
completes the spiral septum of the cochlea, by
an arrangement immediately to be descril>ed.

The fenestra rotunda or cochlear fenestra is,

in the recent state, closed by a membrane
which shuts out the cavity of the tympanum
from any direct communication witli the
cochlea. This membrane, called by Scarpa •

the secondary membrane of the tympanum,
membrana tyinpuni secunduriii, is concave to-
wards the cavity of llie tymtunum, convex
towards the tymjianic scala of the cochlea, and
is received at its circumference into a groove
within die orifice of the fenestra rotunda. It
is composed theoretically of three layers, the
inner of which is nothing but the fibro-serous
membrane under consideration. The outer
layer is a continuation of that which lines the
cavity of tlie tympanum. The third and pro-
per layer is situated lietween the two men-
tioned. The sinie may be .said in rewrd to
that membrane, which, together with the base
of the sta|)es, clo.ses the vestibular fenestra.

The membrane lining the tym|wnic scala
of die cochlea is continued into that lining the
vestibular scala at the opening called heli-
cottema. The membrane of the vestibular
scala is continuous with that lining the vesti-
bule, which on iU part is continuous with that
of the semicircular canals, l^astly, the same
membrane lines the aqueducts.

Such is a general description of the mem-
brane lining die labyrindiic cavity; but to
understand the dis|iosilion of the cochlea and
aqueducts in the recent state, we must Uike a
neart-r view of diis membrane such as it exists
in those cavities, which, indeed, is the most
important and dilficult part of it.

Of the coehUu in the recent stute.—The
cochlea is the last addition made to the laby-
rinth in the ascending scale of the animal
series. As was said, it is in birtls in a very ni-

Op. cit. • Dc auditu et olfactu, cap. ii. ». 19. f. 35.
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dimentaiy state. It is in fact a mere pouch

or diverticulum not at all coiled up, in which,

however, can be distinguished a part corres-

ponding to a lamina spiralis, which is repre-

sented by a cartilage, and a vestibular and a

tympanic scala, together with a cochlear fe-

nestra. This analogy, much insisted on by
Breschet,* I gave a brief notice of some years

ago.f

The cochlea is richly supplied with nerves.

The spiral lamina is that part of it on which

its nerves expand ; this must therefore be con-

sidered as forming a very essential element of

the cochlea, and may be viewed as being in

the economy of that part of the internal ear

what the apparatus of the membraneous laby-

rinth is to the vestibule and semicircular

canals.

The bony spiral lamina is rendered a com-
plete partition between the scala; of the cochlea

by a membraneous continuation, zonula mem-
branuccu lumints spiralis s. zona Vulsalvce,

formed by the application against each other

of the membranes, which line the interior of

the two seals, at the moment they are reflected

from the free edge of the bony spiral lamina

to the outer walls of the cochlea. Hence the

spiral paitition of the cochlea, when complete,

is osseous at its inner or central part, and mem-
braneous at its outer or peripheral.

The outer part of the osseous zone of the

spiral lamina is thinner than the rest; it is

semi-osseous, serai -membraneous, and the

membraneous spiral lamina at its junction

with it presents a fine cartilaginous stripe

;

hence Comparetti and Somraerring described

the spiral lamina as composed of concentric

bands or zones. They admitted four, viz. 1,

the inner thick part of the bony spiral lamina
;

2, the outer thin part ; 3, the cartilaginous

stripe commencing the membraneous spiral

lamina; and 4, the rest of the membraneous
spiral lamina, or the membraneous spiral la-

mina properly so called. The first zone is con-

tinued into the hamulus cochleae, the second

ceases towards the second turn of the cochlea,

and the third and fourili are continued beyond
the hamulus cochleae, forming of themselves

the spiral partition in the last turn.

It is sufficient to admit, with Breschet,| only

three zones ; an osseous zone, a middle zone,

and a membraneous zone ; the third and
fourth zones of Comparetti being compre-
hended under the latter.

The osseous zone of the spiral lamina we
have already described, and alluded to the

middle zone. Tlie latter, when it still exists

in the dry bone, appears merely as the outer

margin of the former. It is the narrowest of

the three zones, and is most distinct in the first

• Op. cit. and also Recherchcs Anatomiques et

Phvsiologiqucs sur I'organe de I'audition chez les

Oiseaux. Paris, 1836.

t
" Note on the ear of Birds," in the first and

only voUime of the second series of the Edinburgh
Journal of Natural and Geographical Science.

Edinburgh, 1K31.

J Op. cii. chap. ix. s. cxcix.

Fig. 834.

The axis of the cochlea and spiral lamina isolated,

in order to show the disposition of the three zones^

The vestibular lamina of the usseuiis zone is re-

moved. (From Breschet.)

A, natural size. B, magnified.

a. trunk of the cochlear nerve ; b. distribution of

the filaments of this nerve in the osseous zone ;

c. nervous anastomoses in , the middle zone; d.

membraneous zone ; e. osseous substance of the

axis
; /. helicotreina or hole of communication

betwixt the two scalie.

turn of the cochlea. Breschet describes it as

composed of the membranes lining the interior

of tlie two scalae, where they first meet each

other in passing from the bony spiral lamina,

together with osseous particles deposited be-

tween them. In this interstice between the

membranes also are contained the last rami-

fications of the filaments of the cochlear nerve,

still enveloped by their neurilemma, and

sprinkled over by the small bony particles just

mentioned.

Different from the middle zone, the mem-
braneous zone goes on increasing in breadth,

though not regularly, from the base to the

summit of the cochlea. It is the longest and

most extensive of the three zones. It is it

alone which extends into the last turn of the

cochlea. According to Breschet the mem-
braneous zone should be composed of three

layers, the two exterior of whicli should be,

as already said, formed by the membranes

lining the interior of the seals, and the mid-

dle one by the expansion and interlacing of the

neurilemmatic sheaths from the middle zone

;

but these layers are so thin and so closely

united that they are inseparable, and constitute

a membrane of great thinness and transparency,

on which, however, bloodvessels can be easily

seen.

The membraneous zone presents a central

margin continuous with the rest of the spiral

lamina, except in the third turn of the cochlea,

where this margin forms nearly the third of

the circumference of the helicotrema, and

where it runs into the peripheral margin at an

acute angle. The peripheral margin, which

is much thicker than the rest of the mem-
braneous zone, is pervaded by a vascular sinus,

like that which in the eye runs round the

circumference of the cornea at the insertion of

the iris.
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Fig. 235.

A diagram from Breschet, intended, according to tiirn, to give an
exact idea of the di»jiosition of the helicotrema. The walU
of tfie vettibuUtr scala are supposed to be removed,

a a a, represent the osseous and middle zone of the spiral

lamina \ its termination in the hamulus or hook is seen
;

b b b b. this darlter and narrower stripe represents the mem-
braneous zone of the spiral septum j towards the summit of

the cochlea it becomes a little broader, and at its termination
constitutes by itself alone the septum between the two scalse

at their termmuiion j c. the commencement of the tympanic
scala y d, the external or great margin ; e, the internal mar-
gin of the turns of the cochlea ; the two margins d and e
meet at o; fff the vacant space corresponding to the axis

;

it terminates at o, which corresponds to the summit of the
axis ; x. helicotrema or hole which establishes a communica-
tion between the two scalx.

The section of the peripheral margin of the

membraneous zone presents a triangular sur-

face, tilt; base of which is inserted on the osse-

ous wall of the cochlea. This swollen margin
of the membraneous zone is, according to

Breschet, evidently continuous, at the origin

of the spiral lamina in the base of the cochlea,

with the osseous zone, a circumstance which
is particularly to be remarked in very young
foetuses, where all these parts are still cartila-

ginous. Tliis thickened margin of the mem-
braneous zone Breschet therefore considers as

analogous to the tymi)anic cartilage of the

bird's cochlea, having exactly the same rela-

tions and uses.

pared to tlio tympanic cartilage of birds ;

f, scala vcstibuli
; g. scala lympani ; h.

periosteum lining the vestibular scala,

more vascular than fibrous ; i. peri-

osteum of the tympanic scala ; j. nerve.

In vascularity and richness in

nerves, the spiral lamina bears a

great resemblance to the iris. Like

it, also, it is the partition between

two chambers, containing an aque-

ous humour, and communicating,

like the aqueous chambers of the eye,

by a single orifice.

The two scalae of the cochlea have

not tlie same length nor the same

diameter. Toward the base of the

cochlea the tympanic scala exceeds

somewhat the vestibular; its diameter

is, at tlie same time, also a little more

considerable, as far as towards the

middle of the first turn of tlie spire.

The two scalK have then the same
diameter, and preserve the equality

to the commencement of the last turn.

Tliere the tympanic scala contracts,

and in particular flattens considerably,

and is at last confounded, through the

helicotrema, with the vestibular scala,

which still continues for two-thirds of

a turn, and then ends in a cul-de-sac.

This is also to be noted in regard to

the vestibular scala of the bird's coch-

lea, which indeed is very large, and

proceeds considerably beyond the tym-

panic scala. It ends in a large cul-de-

sac called lageiia.

Fig. 236.

Diagram of a transverse section of the two scoUe of
the cochlea (from Breschet).

u. a. osseous wall ; b. osseous zone compared to

the vestibular cartilage of the cochlea of birds ; c.

middle zone compared to ihc auditive lamell*

;

d, membraneous zone : e. cartilaginiform swelling of
the external margin of the membraneous Kone,com-

A section of the cochlea jxirtiH,! lo the direction of

its axis, in order to shou> the dis/jositinn of the whole

of its parts. Magnified. (From Breschet.)

a. a. a. trunk of the cochlear nerve ; 4. b. fila-

ments of this nerve in the osseous zone ; c. c. e, i.

nervous anastomoses in the middle zone ; d. d. d. d.

membraneous zone ; e. «. e. e. swelling of the exter-

nal margin of the membraneous zone; 1, 1, axis

of the cochlea ; 2, infundibulum ; 3,3,3,3, exter-

nal osseous wall of the cochlea ; 4, 4, 4, 4, osseous

lamina separating the turns of the spire of the

cavity of the cochlea ; 5, 5, 5, 5, tympanic lamella

of the osseous zone of the spiral lamina ; 6. vesti-

bular lamella; 7, hamulus or hook, which tei-

minates the osseous zone ; 8, helicotrema, with a

bristle inlroducad into it.
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Farther obscrvationt on the aqueducts.—The
aqueducts, the one leading from tlie vesti-

bule, and the other from the tympanic scala of

the cochlea, are lined by a continuation of the

thin and delicate pellicle which invests the in-

terior of those cavities.

Under the osseous scale, on the surface of

the petrous bone, where the aqueduct of the

vestibule ends, there is a small triangular pouch

produced by a separation of the dura mater into

two layers. Into this pouch the lining mem-
brane of the aqueduct enters, and ends in a

cul-de-sac. The pouch is called by Cotugno
the membraneous cavity of the aqueduct. I

found the structure just described of unusual

size, in consequence of irregular development,

in the ear of a man deaf and dumb from birth,

which I examined some years ago. The trian-

gular pouch in the dura mater was about one-

third of an inch long at its sides, and was dis-

tended by a clear liquid. Every time pressure

was made on the distended pouch, a fine jet of

liquid issued through a small opening which

had been made in the superior vertical semicir-

cular canal. Similar cases have been described

by Mondini' and others.

The lining membrane of the aqueduct of the

cochlea ends, in like manner, in a cul-de-sac,

which, however, is not so large as that of the

aqueduct of the vestibule.

The liquid contained in the labyrinthic ca-

vity, or liquid of Cotugno, or perilymph.

(Aquula Cotunnii.)—The cavities of the

osseous labyrinth contain a liquid, the secre-

tion, probably, of their thin and delicate

lining membrane. They contain no air,

as has been ainerted. The liquid called the

liquid of Cotugno, or by De Blainville peri-

lymph, must not be confounded with ano-

ther which is contained in the interior of the

membraneous labyrinth. Doininico Cotugno,-l

though not actually the discoverer of this liquid,

yet took a more correct view of it than his jire-

decessors in this branch of anatomical research,

Valsalva,! V'ieussens,§ Cassebohm,|| and Mor-
gagni.H He in fact recognised in it a substance

fulfilling some oftice in the exercise of hearing,

a view of the matter which was admitted by
Ilaller, and put beyond doubt by Ph. Fr.

Meckel,** and since their time recognised by
all physiologists.

The perilymph occupies, in the vestibule and
semicircular canals, all the space not taken up
by the membraneous labyrinth. The cochlea

contains nothing but it ; and as all the cavi-

* Cotument. Boaoa. torn. vit. Anatomia Surdi
Nati. p. 422.

t Dc Aqueductibuft Auris Humanae Anatomica
Dissertatia, s. xxix.-xxxi. Neapoli, 1760.

X De Aure Humana Tractatuft, &c., cap. iii. s. 17,

p. 79. Trajccti ad Rhcnum, 1707.

$ Traitt: Nouveau de la Structure de I'oreille, p.
75. Toulouse, 1714.

11
Tractatus Quintus Anatomicus de Aure Hu-

mana, &c., pp. 20-21. De Labyrintho. Hal;E Magd.
17;».

% Cplst. Anatom. xii. s. t)4, p. 469, Venetiis

1740.* Oissertatio Anatomico-Physiologica de Laby-
rintbi Auris Contcniie, &c. Argentorati, 1777, s. 8.

ties of the osseous labyrinth communicate, it is

the same humour in each.

lnallfishes,except the cartilaginous with fixed

gills, the labyrinthic cavity is very imperfect,

being in many of them open towards the cranial

cavity, or at the most separated from it only by

a membraneous partition, as in the cod; hence

the encephalic liquid in some of them is not dis-

tinct from the perilymph whose function it must

perform. In the cartilaginous fishes with fixed

gills, on the contrary, the labyrinthic cavity is

completely separated from the cranial ; therefore

in them we meet with perilymph distinct from

the encephalic liquid, and that, too, in pretty

large quantity.

in birds the perilymph is in much less quan-

tity than in the mammifera, in proportion to the

size of the membraneous labyrinth. In rep-

tiles the quantity of perilymph is still less.

Cotugno and Meckel supposed that the

aqueducts were a sort of diverticula, or cavi-

ties which served to let off the superabundant

perilymph, when necessary, during the act of

hearing. This opinion is, however, now-a-days

very much questioned, and several anatomists,

Urugnone, llibes, Breschet, &c., refuse to those

aqueducts the uses which Cotugno assigned

them, and consider them merely as canals des-

tined lor the passage of bloodvessels. Although

they may be insignificant in a physiological

point of view, still, if the description 1 have

given of them be correct, they must be consi-

dered as something more than mere canals for

the transmission of vessels. The constancy of

the aqueducts, moreover, is another argument

against their being mere vascular canals.

Breschet,* and in Hildebrandt's Anatomic by

Weberf the same idea is concisely expressed,

explains the mode of formation of the aque-

ducts by supposing that at first the labyrinthic

cavity is nothing but a sac formed by a prolon-

gation of the dura mater in the same way as the

tunica vaginalis is of the peritoneum ; that as

development proceeds, the tube of communi-
cation between the labyrinthic sac of the dura

mater and general cavity of the dura mater is

gradually contracted and elonuated ; and that as

ossification extends, the tube becomes sur-

rounded by osseous substance, and presents

itself under the appearance of an aqueduct.
" This view," says Breschet, " is rendered

probable, for in many fislies the labyrinthic

cavity forms one with that of the cranium,
and if, in these animals, a prolongation of the

walls of the cranium tended to separate the

brain from the ear, there would result a small

canal establishing a communication between
the two cavities, and this canal would be
nothing but an aqueduct."

According to this view, the lininj membrane
of the labyrinthic cavity may be considered as

a continuation of the arachnoideal layer of the

dura mater, perhaps of the dura mater also.

2. The membraneous labyrinth, (lubyrinthus

mrmbranaceus. Fr. Labyrinthe membruneux.
Germ. Das hdutige Labyrinth.)—Within the

•• Op. cit.

t Band iv. p. 32.
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oascous labyrinth is contained an extremely

delicate and complicated mcndirano - ner-

vous apparatus, called) membraneous luby-

rinth, first properly tiescribed by Scarpa.*

It does not extend into all the compartments

of the osseous labyrinth, but only occupies the

vestibule and semicircular canals. The coch-

lea, as hits been said, contains in its cavity

nothing but perilymph.

The vestibular part of the membraneous
labyrinth, and of that |)erhaps one of the

pouches only, is all that is really fundamental

m the structure of an oruan of hearing. In

the Crustacea and Cephalopo<lous Mollusca in

which the organ of liearius exists in its sim-

plest form, and even in the Cyclostomalous

fishes there is nothing but a small pouch con-

taining a little liquid and a lapilliform body.

Much smaller than the cavities which con-

tain it, the membraneous labyrintli is sus-

pended as it were in the perilymph. It does

not appear to adhere to the walls of the laby-

riiithic cavity except at the points where it re-

ceives nervous filaments.

The component parts of the membraneous
labyrinth are:

—

1. The common sinus. 2. The membrane-
ous ampidlse and semicircular tubes. 3. The
saccule.

Fig. 23a.

I
A moifni/ied rejtreaentation of the left OMams laby-

rinth laid open to nhotc the mtTtibrarwims labyrinth

in its situation. (From Dreschet.J

a, mombrBncous ampulla ol* the ampulUry sinus

of the anterior semicircular canal ; b. inembrane-
ou« ampulla ot' Oip iiiii|)ullHr_v «inu$ of the external

Reiniciicular canal; c. inorubraiD'ous ampulla of

ihc ampullary sinus of' the posterior st^micircular

canal; d. anterior membraueous srmiiirciilar tube;

€. ex t Pinal niemlirant-ous semicircular tube
; f.

posterior membraneous semicircular tube
; g. com-

* De auditu 9t olfactu.

men membraneous tube resulting from the junction

of the tubes d and f; h. the place where the ex-
ternal luembraneous semicircular tube opens into

ihc common sinus ; i i. common sinus filling a
great pan of the vestibule ; k. a small mass of

calcareous powder shining through its walls / /.

saccule, also containing, m, another mass of cal-

careous powder ; n a ncivous fasciculus, turnishing.

o. aa expansion to the anterior membraneous am-
pulla

; p. another to the ampulla of the external

tube, and q. a third to the common sinus ; r. ner-

vous fasciculus to the saccule ; another fasciculus

of nervous filaments, not lettered, is seen going to

the ampulla of the posterior membraneous semi-

circular tube; $ M. spiral lamina; a', the termin-

ation of the spiral lamina in the hamulus ; t. com-
mencement of the scala tympani near the fenestra

rotunda, which is here no longer seen ; w. com-
mencement of the scala vcstibuli ; x. extremity of

the axis around which the termination ot the spiral

lamina turns ; y y. a bristle engaged in the heli-

cotrema ; x. place where the summit of the axis

is continued into the wall of the osseous labyrinth ;

to le w, membraneous portion of the spiral lamina,
particularly broad in the last turn, (lettered u u u
in the figure instead of tvtrtr); •••••• spaces

between the walls of the labyrinlhic cavity and
membraneous labyrinth occupied by the peri-

lymph.

Fig, 239.

Tfte left memf/raneout labyrirUh isolated together with
the nerve*. Magnified. (From Bretchet.)

a. ampulla of the anterior semicircular tube
;

b. ampulla of the horizontal semicircular tube ;

c. ampulla of the posterior semicircuUr tube ; d.
common tube ; e. mass of calcareous particles

lying in the common sinus; f. the saccule con-
taining also a mass of calcareous particles ; k,

portio dura of the seventh pair ; m. nervous fila-

ments to the ampulla of the anterior semicircular
tube ; n. fiUments to the ampulla of the hori-
zontal semicircular tube ; filaments are also seen
going to the ampulla of the posterior semicircular
tube, not lettered ; o. filaments to the common
sinus ; q. filaments to the saccule ; r. cochlear
nerve.

The common sinttSy membraneous ampulla^
and mcmhraneotts semicirctiiar tubes.— These
consulate but one apparatus which is just the

counterpart of the vestibule, ampullary sinuses,

and seiiiicin iilar canals of the osseous laby-

rinth; the semicircular lubes 0|x?iiing into the

ampullae aiid common binus in tiie same way
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that the semicircular canals open into the am-
puUary dilatations and the vestibule.

The common sinus is an elongated, laterally

compressed pouch, and lies in the posterior

part of the vestibule. It extends into the

upper horn to join the ampullae of the superior

vertical, and of the horizontal semicircular

tubes ; and into the posterior and lower horn,

to join the ampulla of the posterior semicircular

tube, and to receive the tubulus communis
and cylindrical extremity of the horizontal

tube, as they emerge from their respective

canals. Its upper end, which is larger than

its lower, lies m the hemi-elliptical cavity, to

the bottom of which it is fixed by nervous
filaments.

The membraneous tubes are only about a

third part of the calibre of the semicircular

canals in which they are contained. Like the

latter they are distinguished by the epithets,

superior vertical, posterior vertical, and hori-

zontal. Each membraneous semicircular tube

opens at one of its extremities, like its cor-

responding osseous canal, into an oval dila-

tation called ampulla, which on its part com-
municates with the common sinus. As the

vertical semicircular canals unite at one of

their extremities to form the common canal,

so their corresponding membraneous tubes

also unite to form a common tube, tubulus

communis, which occupies the common canal.

At the place where the nervous filaments

enter the common sinus, its wall presents a
much more considerable thickness and consist-

ence than elsewhere.

According to Steifensand,* who has ex-

amined the structure of the ampulla; very

carefully, each ampulla presents a very much
arched surface, superficies couvexa, and op-
posite to this a concave or indented surface,

superficies concava s. inflexa, which receives

the nervous filaments. Where the nerve enters

there is a transverse depression, sulcus Iruns-

versm, by which this surface is divided into

two parts. This transverse depression on the

outside ])roduces in the interior a fold of the

membrane composing the wall of the ampulla,

and through which the nerve enters. This
fold forms a transverse septum, septum trans-

versum, which divides the interior of the am-
pulla into two parts ; one of which, the sinus

part, communicates by the ostcum sinus with

the common sinus, and the other, the tube part,

by the ostemii tubull with the membraneous
tube.

Saccule, sacculus rotundas. This is a round
membraneous bag, smaller than the common
sinus in front of which it lies in the hemisphe-

rical depression of the vestibule. It is firmly

fixed in its place by nervous filaments which
proceed to it through the apertures observed

in the bottom of the hemispherical depression.

As has been mentioned in regard to the com-
mon sinus, the wall of the saccule presents an
increase of thickness and consistence at the

place where the nervous filaments enter it.

* Miiller's Archiv. fur Anal. Physiol, und wis-

scnwbafil. Medecin. 1835. Heft. II. pp. 173, 174.

Small in the Mammifera, the saccule is very

distinct and large in fishes.

The common sinus and saccule adhere to

each other, but whether their cavities com-
municate has not been determined. They are

fixed, as has been said, to the inner wall of the

vestibule, by the nervous filaments which tliey

receive through the apertures with which that

part is perforated. Towards the outer wall

they are nowhere in contact with the base of
the stapes, the perilymph intervening. This

circumstance, first distinctly pointed out by
Scarpa,* and particularly insisted on by lire-

schet, shows that it is only by the intermedium
of the perilymph that the movements of the

stapes can have any impression on the nervous

expansions of the membraneous labyrinth.

The common sinus, ampulla;, semicircular

tubes, and saccule are composed of a firm trans-

parent membraneous coat,witliin which is a ner-

vous expansion, and outside which is a cellulo-

vascular layer, in some places tinged black or

brown. Of the nervous expansion we shall

s|)eak under the head of the auditory nerves.

In the sheep, hare, rabbit, &c. the walls of

the membraneous labyrinth present patches of

black pigment, a circumstance noticed by
Scarpa,t Comparetti,J and Breschet.§ Before

I knew of the observations of these anatomists

I had myself observed the fact. I was not,

however, led to the discovery of it by accident;

but, being engaged in researches on the pig-

ment of the eye, and considering the analogy

which the organs of sense bear to each other

in their general anatomical structure, I was
curious to know whether pigment did not exist

also in the ear. Examination proved to me
that it did ; for I found, as Scarpa and Com-
paretti had previously noticed, pigment de-

posited in the form of small black spots in the

membraneous parts of the labyrinth in dif-

ferent Mammifera. In some I have found a
distinct cellulo-vascular layer of a black or

brown colour forming the outer surface of the

membraneous labyrinth. And, contrary to

what Breschet asserts, 1 have found pigment
in the membraneous labyrinth of the human
ear also. It appears, especially on the am-
pulla;, under the form of a slight but perfectly

distinct brown tinge, similar to what is seen
around the ciliary processes in the eyes of
Albinos.

Semicircular tubes are found in all the Ver-
tebrate animals, with the single exception of
the Cyclostomata. When they do exist there

are never more nor less than three.

The common sinus, ampullae, semicircular

tubes, and saccule contain a limpid humour.
Suspended in this humour there is found in

the common sinus and also in the saccule a
small mass of calcareous powder.

The liquid oj' the membraneous labyrinth.

* Anatomicx disquisitioncs dc .4uditu ct Olfactu,
s. xvi. p. 55.

t Op. cit. s. iv. p. 49.

t Obscrvat. Analom, dc aure interna comparat.
p. xxxii. Praefat.

$ Op. cit.
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I

or endolymph or vitreoui humour of' the ear.

( Atjuula labi/rinthi mciiibrunucei. Humor
vitreus auris. Fr. Vitrine uuditive. Germ.
Wasser des hiiutigen Ijtbyrinths. Die
ti ImJ'euchtigkeit dcs Ohres.—This humour,
first distinctly pointed out by Scarpa, fills

exactly all the cavities of the membrane-
ous labyrinth,—tliat is to say, in the human
ear, tlie common siuus, am))ull:e, the semi-
circular tubes, and saccule. Like the jieri-

lyinph, it is almost as limpid as water. In
the endolymph there are, as has been said,

always found suspended calcareous concre-
tions. The endolymph is in birds as limpid
as in the Mammifera; but in reptiles it is in

general more dense than water and a little

viscid. It is viscid in all fishes, but especially

so in the Chondropterygenous, in which it often

presents itself in the form of jelly. It is also

very decidedly viscid in the Cephalopodous
MoUusca.

The miasei of calcareous matter contained
within the membraneous labyrinth.—In the eai^

bulb of all animals which possess one, there

are found small masses of a chalky nature

;

ill some solid, in others pulverulent. Solid
concretions are found in the osseous fishes,

and in the Chondropterygenous fishes with free

gills, such as the sturgeon. The chalky mat-
ter is in a pulverulent state in Mammifera,
birds, reptiles, and in Chondropterygenous
fishes with fixed gills. In the batrachian rep-
tiles and Cephalopodous MoUusca, the cal-

careous matter appears rather under a concrete
form.

These calcareous masses are best known in

osseous fishes, in which they are hard but
brittle bodies of a determinate shape. In
those animals, indeed, they have been erro-

neously considered as analogous to the tym-
panic ossicles of the higher Vertebrata. MM.
Breschet* and Iluschkef have lately called

particular attention to the subject, and have
described masses of calcareous matter in the

ear of reptiles, birds, and Mammifera. Scarpa
and Comparetti had observed them in the
human ear, without, however, detecting their

nature. But they had been unequivocally
noticed before by De RIainville

; I and pre-
viously to the first publication of Breschet's
papers on the ear in llie Annales des Sciences
JMaturelles, I had also studied them throughout
the animal series.

Breschet has proposed for the solid masses
the name of otolithi, from ovf, auris, and Xifio?,

lapis; and for the pulverulent ones that of
otoconia, from ot?, and xo>i{, pulvis. Otoconia
has been translated into lierman by Lincke §
Ohrsand. Iluschke calls the pulverulent matter

• Lib. cit.

t Isis, 1834. Heft. 1. p. 107. 1833. Heft. vii.

p. 676.

} De rOrganization dcs Animaux ou Principcs
d'Anatomie coniparce, loui. i. p. 451-458. Paris,
1822. .\lso, Cours de Physiologic gcncrale ct com-
pareo, &c. Paris, 1829. xii Lecon. p. 3S)9.

f
Das GehororgsD, &c. >. 176. p. 203. Leipzig.

l837*

ear-crystals, Ohrkrystalle. Krause, car-chalk,

Ohrkatk.

In the ear of man and the Mammifera in

general there are two masses of calcareous

matter ; one in the common sinus and the

other in the saccule. According to Iluschke

and Barruel they are composed of mucus,

carbonate and phosphate of lime, and some
animal matter. They are said to be more dis-

tinct in the fcetus than in the adult. From my
own observations I should say that they exist

in the human adult as distinctly as in the foetus.

Concretions are never found in the ampulla: or

semicircular canals, either in man or any of

the lower animals.

Examined in man and the Mammifera the

concretions are suspended in the endolymph,

and correspond to the points of the common
sinus and saccule where the nervous filaments

are implanted.

The grains composing the calcareous mass
are held together by a soft mucous tissue.

Iluschke describes the grains as crystalline,

small six-sided columns, pointed at the ends
with three surfaces. They appear to me, under
the microscope, to have an oval form, more or

less elongated, in man and the mammifera,
passing into a spindle shape in birds and rep-

tiles, and, though transparent, they do not pre-

sent any very decided crystalline form. The
particles of chalk examined through the micro-

scope have a somewhat similar appearance, but

much smaller. The grains of the ear are of
difierent sizes. Of a mass which I removed
from the ear of a middle-aged man, the greatest

number had their longest diameter equal to that

of the globules of tlie human blood, that is,

about the three-thousandth part of an inch.

There is found in the cochlea of birds a mass
of calcareous matter. Breschet says he has

found, in cochlea: of the human fcetus, which
had been dried but not macerated, small masses
of cretaceous matter deposited near the summit
of the cochlea ; and Iluschke* once found, in

the fluid of the cochlea of a child, a collection

of microscopical crystals.

Cruveilhier* asks, do the small masses of
cretaceous matter, found in the ear of man and
the mammifera, fulfil the same function as the

stones in the ear of fishes? or must they be
considered as a remains only of a part import-

ant in other animals ? Breschet says, " the

otolithes and otoconies have, for their use, to

communicate to the nervous extremities a more
vivid and energetic impression than a simple
liquid like the endolymph could do; for the

vibrations of a solid body are much more sen-

sible for their force and degree of intensity than

those of a liquid body." However this may be,

it appears that the development of these con-
cretions coincides, in some degree, with the

medium inhabited by the animal; thus, they

are stony in most animals living in water, and
pulverulent in such as exist in air.

The auditory or acoustic nerve.—Nervut au-

• Loc. cit.

t Anatomie deacriptive, torn* iii, p. 524.
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dilorius t. ucmticus.—VT. NerfauditiJ'ou acous-

tiqiic.—Germ. Der Gehornerv.—The internal

auditory meatus of the temporal bone appears

to end in a cnl-de-sac ; but, exammed more
closely, the bottom is found divided into two
unequal-sized depressions, an upper and a

lower, by a crest, which extends backwards

from the anterior and outer wall of the meatus.

The upper depression, which is the smaller, is

subdivided into two, an anterior and a posterior,

by a small vertical pillar. The anterior leads

into the aqueduct of Fallopius, and gives pas-

sage to the facial nerve. The posterior is almost

fuiinel-shai)ed, and presents two or three pretty

large apertures, and several smaller and less

distinct ones. These are the mouths of small

canals which lead into the vestibule, and their

terminating orifices produce that sieve-like ap-

ix;arance in the pyramidal elevation between

the hemi-elliptical and hemispherical depres-

sions, and which extends towards the ampullary

dilatations in the superior horn of the vestibule.

The lower and larger depression presents two
subdivisions. The anterior and larger corres-

ponds to the base of the axis of the cochlea

;

it presents a spiral groove or tract

—

tractus spi-

ralis forum'mnlailus, answering to the turns of

the cochlea, and perforated like a sieve by nu-

merous apertures, w hicli diminish in size towards

the centre, where there is one opening larger

than the rest. The posterior subdivision of the

lower depression is a small sujierficial fossa,

jierforated by two or three larger, and a great

number of smaller apertures, wliich open into

the hemispherical depression of the vestibule,

producing the sieve-like spot already mentioned
as existing there. Below this superficial fossa

there is a pretty large hole, leading into a
canal in the posterior wall of the vestibule,

which opens by several small orifices, forming
the sieve-like spot within the mouth of the

ampullary dilatation of the lower extremity of

tlie posterior vertical semicircular canal.

The different minute apertures we have de-

scribed give passage to the fibrils of the audi-

tory nerve.

The internal auditory meatus is lined by
dura mater.

The facial nerve enters the internal auditory

meatus along with the auditoi-y nerve. At the

bottom of the meatus there is a communication

between the two nerves, which was first pointed

out by Mr. Swan. Separating from the audi-

tory nerve, the facial leaves the internal meatus,

by entering the aqueduct of Fallopius.

From Its origin to about where it enters the

internal auditory meatus, tlie auditory nerve

presents most distinctly the delicate-walled

tubular structure of brain. Within the mea-
tus it assumes the ordinary thick-walled cylin-

drical tubular structure of nerves; a circum-

stance overlooked by F.hrenberg, when he ad-

duced, as a peculiarity of the special nerves of

sense, that they presented throughout their

course the so-called varicose tubular structure.

The auditory nerve divides into two branches

—an anterior, or cochlear ; and a posterior, or

vestibular branch,— which externally remain

united together as far as the bottom of the

meatus. The former is whiter, and has its fila-

ments more compactly bound together than the

latter. FAamined under the microscope, the

cylindrical tubules of the cochlear nerve ap-

peared to me to be larger than those of the

vestibular, and to contain, or at least to give out,

a greater quantity of nervous medulla.

The anterior branch, or cochlear nerve, ner-

vus cochlea, is something like a fiat tape rolled

on itself longways. It proceeds forwards to

that depression at the bottom of the internal

auditory meatus, already described as corres-

ponding to the base of the axis. Here it resolves

Itself into a number of fine filaments, which
enter the apertures in the spiral tract of holes.

Traversing the small bony canals leading from

those apertures into the substance of the axis,

they enter the bony spiral lamina according as

their turn comes, by bending nearly at a right

angle, and spread out upon it. The first fila-

ments given off are the largest, the rest gradually

diminish in size.

The first turn of the spiral lamina is supplied

by those which enter the first turn of the spiral

tract of holes ; the second turn receives the

filaments which traverse the bony canals, into

which the fine apertures of the second turn of

the spiral tract lead ; and the last half turn is

supplied by that large bundle of filaments ter-

minating the nerve, and which, entering the

axis by the large opening in the centre of the

spiral tract, emerges at its summit.
The vestibular nerve, nerviis vestibiili, which

presents a small gangliform enlargement, di-

vides into three branches. The uppermost,
which is the largest, lies in the depression be-

hind the entrance to the aqueduct of Fallopius.

Its filaments having penetrated the vestibule

by the small apertures of the canals already

mentioned in the pyramidal elevation, arrange

themselves into three fasciculi; of which one is

distributed to the common sinus, and the other

two to the ampulla; belonging to the superior

vertical and to the horizontal semicircular tube.

The fibrils of the next branch enter the ves-

tibule by the apertures at the bottom of the

hemispherical depression, and terminate in the

saccule.

The third, or lowest branch, which is tlie

smallest, enters that canal described in the pos-
terior wall of the vestibule, and which opens
by a sieve-like spot within the ampullary dila-

tation of the posterior semicircular canal. Its

fibrils are distributed to the ampulla of the

posterior semicircular tube.

Such is the description of the divisions of
the auditory nerve as given by most authors,

and as it has appeared to me in the examina-
tions 1 have made. Krause and IJieschet, how-
ever, describe the mode of division difitrently.

The former says the nerve of the saccule comes
off from the cochlear nerve ; the latter, that the

cochlear nerve (which he calls the posterior

fesciculus of the auditory nerve) gives oil' both
the saccular nerve and the filaments to the pos-

terior ampulla. I have not at present an oppor-
tunity to repeat my examination of the parts,
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to enable me to say positively which descri|)tion

is the most correct.*

The nervous fibrils of the cochlea, according

to Breschet, traverse the osseous zone of the

spiral lamina inider the form of cylindrical

bundles, which, in the middle zone, become
flat, and anastomose by loops. These loops
are intermingled with small osseous particles.

Near the outer niarjrin of the middle zone, the

neurilemma leaves the nervous filaments, and
goes to form the framework of the membraneous
zone, whilst small globules are seen irregularly

disseminated around the convexity of the k>op9

which the filaments form by their anastomoses.
All this, however, is not so unequivocally dis-

tinct as Breschet pretends. What I have been
able to see in regard to the termination of the
nerves on the spiral lamina, is simply this :

—

The tubular structure of the nervous filaments

ceases, among grains of nervous matter ar-

ranged into a sort of expansion. There is

nothing that can be called a termination in

loops. Mueller thinks the nervous fibrils do
not form loops in the bird's cochlea. " But,"
says Mueller, " it is of no consequence, in the

present state of the physiology of the nerves,

whether the nerves of sensation form at their

terminations loops or not."

Treviranusf found a papillary termination

of the nervous filaments, not only in the retina,

but also in the nervous expansions of the ear

and nose. The papilla- of the auditory nerve
he saw on the spiral lamina of the cochlea in

young mice. The osseous part is entirely

covered with filamentous papills, lying close

together. Gottsche also found the ends of the

nerves of the cochlea in hares and rabbits club-

shaped. In die hare, the nervous cylinders ter-

minate in an oval knob.

The following figures from Breschet illustrate

his views of the mode of termination of the

nervous filaments of the cochlea.

Fig. 241.

The cochlear nerve entirely isolated, (Magnified.)

a, a, a. trunV of the nerve ; b, b, b. its filaments
in the osseous zone of the spiral lamina ; c, c, c. the
anastomoses in the middle zone.

• In the sheep I have found the division of the
auditory nerve corresponding to the first description
given above.

t Beitriige, &c. Istcn Bandes 2tes Heft. Neue
Untersuchungen neber die organischen Klemente
der thierischen Koerpcr, p. 55. Bremen, 18.35.

A, a tmall piece of the spiral lamina, natural tixe,

at teen from the surface corresponding to the tcata

vettibuli.

B. the same part considerably magnified to show
the globular structure (?) of the nerves and the mode
in which the neurilamiia lonea than at the place
where theyform their anattomotet.

a. Portion of the trunk of the cochlear nerve ;
b. fasciculi lodged in the osseous zone of the cochlea ;
c. c. anastomoses in the middle zone ; d, d, d. the
neurilemma leaving the nervous loops, intertaciDg

and forming the basis of the membraneoua acne.

As to the mode in which the nervous fila-

ments enter and terminate in the membraneous
labyrinth. The nervous filaments, according
to Scarpa, before penetrating the vestibule of
the small bony canals, lay aside their thicker
sheath, and become softer and whiter. The
filaments expand on the parts for which they
are destined, appear to form a network, and,
having penetrated into the interior, are resolved
into a nervous pulp which lines the inner sur-
fece. Scarpa compares this nervous expansion
in the saccule to the retina.

According to Breschet's account, the nervous
filaments, in penetrating into the interior of the
different membraneous pouches, are accompa-
nied by a sheath furnished by the pouch itself,

which is folded inwards, and accompanies them
until these filaments spread themselves out.
Hence it is that, at the entrance of the nerves,
the walls of the pouch are always thicker, and
form a more or less considerable projection in
the interior. This prominence is slight in the
saccule and common sinus, but very well
marked in the interior of the ampullsE, where it

forms a sort of incomplete septum across ; a
structure which is small in man and the mam-
mifera, but very much developed in birds and
the higher reptiles.

At those prominences the nervous filaments,

says Breschet, present anastomosing loops, and
the neurilemma leaving them to be incorporated
witli vessels, and thus to form the framework
of the membraneous labyrinth, the nervous
globules come into immediate contact witli the
ma.ss of calcareous matter.

What I have said of Breschet's account of
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the terminations of the cochlear nerve is also

applicable here. The filaments of the nerves

of the common sinus and saccule expand in a

fan-like manner on their walls, and having pe-

netrated them, are resolved into a nervons layer

like the retina, situated on the inner surface of

the walls of those cavities. Tliis nervous layer

is, in the human car, pervaded by extremely

minute transparent fibres. In the rabbit I have
distinctly seen, with a doublet magnifying 1.50

diameters, a fibrous or tubular structure similar

to that of the retina first discovered by Ehren-
berg.

As regards the entrance of the nerves of the

ampulla;, Steifensand* gives a similar but more
detailed account than Breschel. He says, the

nerve, after having embraced in a forked man-
ner about a tliird of the circumference of the

ampulla, enters the wall of it.

Resolving itself now into infinitely fine fila-

ments, the nerve penetrates the septum which
lies quite close to the opening in the common
sinus, and which resembles a semilunar emi-
nence projecting into the interior. It now
covers the surface of the septum and a circum-

scribed portion of the adjacent inner surface of
the wall of the ampulla with an extremely deli-

cate nervous pulp. The two ends of the semi-

lunar septum, gradually flattening and spread-

Fig. 242.

Common simu, together with the ampuUts and semi-
ciratlar tubes, and the entrance of the nerves into

them, ( From Steifensand.)

The ampull/s of the superior and horizontal seini-

tnrcuiar tubf^, with a part of the common sinus. The
fan-like expansion of the nervous Jibrits on the latter

is seett, and also the fork-like expansion of the neives
on the outer surface of the amjmlla;. Magnified.
(From Steifensand.)

* Miiller's Archiv. fur Anatomie, Physiologic,
und wissenschaftUchc Mcdecin, 1835. Heft, ii,

a. 174 nnd 184.

ing out, lose themselves in the wall of the am-
pulla.

Fig. 244.

Fig. 245

Fig. 246.

'-^r
Fig. 244, (from Steifensand.) The ampulla

ojjened in order to exhibit the septum.
Fig. 245, (from Steifensand.) The fork-like ter-

mination of tlie nerve of the ampulla und the semiluTiar
septum, having the appearance of pure nervous sub-
stance.

Fig, 246, (also from Steifensand,) The expan-
sion of the nervous pulp over the septum.

Bloodvessels of the labyrinth.—The prin-

cipal artery of the labyrinth is the arteria

auditiva interior. It is a branch of the basi-

lar. It enters the internal auditory meatus
along with the nerve of the seventh pair, and
at the bottom of it divides into two branches,

the cochlear and vestibular arteries, which
enter the labyrinth with the corresponding
nervous filaments.

The cochlear aitery, arteria cochlea, divides

into a number of branches which enter the

cochlea by the spiral tract of holes ; one in par-

ticular, arteria centralis modioli, passes through
the central canal of the axis as far as the apex
of the cochlea.

The vessels of the walls of the cochlea are
more numerous in the scala vestibuli than in

the scala tympani. The arterial branches on
the spiral lamina anastomose with each other
at the outer margin of the osseous zone. From
the convexity of the anastomotic arches nume-
rous small arteries arise and run parallel as far

as the outer margin of the middle zone, where
they again anastomose, forming loops infinitely

smaller, from the convexity of which capillary

vessels run. These capillary vessels terminate
in a sinus of a venous nature, lodged in the
substance of the outer margin of the spiral

lamina.

The vestibular artery, arteria vestibuli, sup-
plies the vestibule and semicircular canals to-

gether with their contents, the saccule, common
sinus, ampullae, and semicircular tubes, and
sends a branch along the surface of the spiral

lamina corresponding to the vestibular scala.

The stylo-mastoid artery, a branch of the poste-

rior auricular, sends a twig to the external

semicircular canal. The occipital artery also

frequently sends twigs to the labyrinth.

The bloodvessels form a beautiful plexus on
the ampullae, and considerable trunks run along
the whole length of the semicircular tubes, sup-
ported on their surface by a delicate cellular

tissue, which forms the vehicle for tlie passage
of the small lateral branches given off to the
walls of the tubes.
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Not much is known of tlie veins of llie laby-

rintli. The internal auditory artery is accom-
panied by a corres|)onding vein which carries

away the hlood from tlie labyrinth, and empties
it into the superior petrosal sinus. Another
vein, says Weber,* goes perhaps from the laby-
rinth throu<;h a small 0|)ening in the cleft of
the mjueduct, and empties itself into the trans-

verse sinus.

Of the veins of the cochlea, some, according
to Bnjschet, accompany their arteries ; others
enter the sinus, lodged in the substance of the
outer margin of the spiral lamina. Near the
ba.se of the cochlea, this sinus communicates
with the veins of the vestibule.

Nothing is known of the absorbents of the

labyrinth.

Fig. 247.

A section of the cochlea parallel to its axia, thawing
the distribution of the vessels in its interior. It is the
veins that are delineated, but their distribution it

almost the same as that of the arteries. Magnified.
(From Breschet.J

a, a. Veins accompanying the trunk of the coch-
lear nerve, and penetrating the nervous branches
across the spiral lamina ; b. first anastomoses at the
pi^nphcry of the osseous zone ; c, c. second anasto-
moses at the periphery of the middle zone ; d. last
raniusculcs, which are almost parallel, occupying
the membraneous zone ; e, e, e. venous sinus in
the peripheral margin of the membraneous zone.

II. ACCESSOBT PARTS OF THE APPARATUS
OP HEARING.

Of these parts, the auricle collects the so-
norous undulations, and the auditory passage
conducts them to the middle ear or tympanum,
where they are modified and transmitted to the
sensitive part of the apparatus, the ear-bulb.
A tympanum is found in reptiles, birds, and

Mammiferd, a perfect external ear only in the
Mammifera. The lip-like folds of skin before
the membrana tympani, in some birds and rep-
tiles, may, however, be considered rudiments
of an external ear. Among the Mammifera,
the Cetacea have no auricle, and only a very
contracted auditory passage.

It was said that tlic tympanum exists in a
greater number of animals than the cochlea.
This refers to a discovery made by \\'eber,+
that a prolongation of the swimming-blad-

• In HildebranJt's Anatoniie.
t De Aure et auditu Hominis et animalium.

Lipsie, 1B20.
'

der in the herring, in tlie cyprinoid fishes,

in silurus glanis, and in several species of
cobitis, has a connexion with the membraneous
labyrinth in the same manner tliat the prolon-

gation of the mucous membrane of the throat,

forming essentially the tympanum and Eusta-
chian tube, is extended to the surface of the

labyrinth ; and moreover, that in all those

fishes, with the exception of the herring, there

exist bones analogous to the tympanic ossicles

in the higher animals.

1. The middle ear, or tympanum, and its ap-

pendages.

The caviti/ of the typanum, cavitoi tympani;
Fr. cnisse du tympan ou du tambour; Germ, die

Trommtllmhle oiler Paukenh'Me.—The cavity

of the tympanum is a space lying at the peri-

pheral surface of the ear-bulb, and measuring
from above downwards as well as from before

backwards about four-tenths of an incli, and
from without inwards about three-twentieths of
an inch. It is bounded internally by the outer
wall of the osseous labyrintli ; externally by a
vibratile membrane, the membrana tympani,
and that portion of the temporal bone into

!\, which it is framed. Anteriorly a canal, the

Jl Kustachian tube, leads from it into the throat;
and posteriorly and superiorly it communicates
with the mastoid cells.

The cavity of the tympanum is traversed by
a chain of small bones, extending fi-om the
membrana tympani to the vestibular fenestra,

and is lined by a very delicate membrane of a
fibro-mucous character, which is prolonged into
all its sinuosities and dependent cavities. This
membrane is moreover reflected on the parts
which traverse the cavity, and envelopes them.
The lining membrane of the tympanum is con-
tinuous through the medium of that of the
Eustachian tube, with the mucous membrane
of the throat.

A condition essential to the due performance
of the function of the tympanum is that the
external air have free access to its cavity.

Examined on the dry bone, the inrter wall
of the tympanum presents a considerable emi-
nence ; behind and below which is an opening
somewhat of a triangular form, and in a fossa
above it another opening, about twice the size
of the preceding, and of an ovoid shape. From
the description which has been already given
of the osseous labyrintli, it will be immediately
perceived that the eminence in question, called
the promontory, is that which the commence-
ment of the cochlea forms ; that the opening
below and behind it is the fenestra rotunda or
cochlearfenestra, and the opening above it the
fenestra ovatis or vestibularfenestra.

The surface of the promontory is marked by
a groove ; sometimes instead of a groove there
is a canal. This groove is continuous below
with a canal, several lines in length, which
opens in that depression in the partition be-
twixt the lower orifice of the carotid canal and
the foramen lacerum posterius. Above, in front
of the vestibular fenestra, the groove ^ain runs
into a canal which proceeds forwards and up-
wards between the canal for the internal muscle
of the malleus and the commencement of the
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aqueduct of Fallopius, aiid opens on the upper
surface of the petrous portion of tlie temporal

bone outside and in front of the liiatus of Fal-

lopius. Tiiis canal, first accurately described

by Arnold,* and called by him the tympanic
canal, canulk ii/mpanicus, is traversed by the

nerve of Jacobson, which establishes a com-
munication betwixt the glosso-pharyngeal and
the otic ganglion. Besides this groove there

are several others corresponding to the branches

of the tympanic plexus of nerves.

The opening below and behind the promon-
tory, the J'tuextru rotunda or coc/i/earj'enestru,

leads, by a short infundibuliform canal directed

obliquely inwards, into the lower or tympanic

scala of the cochlea. Looking into this very

short canal sideways, a groove is remarked en-

circling the margin of its inner orifice. This
groove receives the circumference of the secon-

dary membrane of the tympanum.
The opening above the promontory, the Je-

nestra ovatis or vestibular fenestra, has already

been described in s])eaknig of the vestibule.

All that we have to add here is that it is sur-

rounded externally close to its edge by a small

channel or groove.

Above the vestibular fenestra and running in

much the same direction as its long diameter

is a round elongated ridge, within which is the

aqueduct of Fallopius. Below this ridge and
behind the vestibular fenestra is a small mam-
millary or pyramidal eminence, called the pyra-

mid, eminentia papillaris s. prutuberantiu py-
rumidalis. The apex of the pyramid, dnected
forwards and a little outwards, presents an
opening leading into a canal, which extends
backwards and downwards, then becommg
vertical lies in front of the lower part of the

aqueduct of Fallopius. In the thin lamina of
bone which separates the two canals there is

an aperture. The muscle of the stapes is

lodged in the canal, and its tendon issues by
the aperture in the apex, of the pyramid.
About one-sixth of an inch behind the pyra-

mid and close to the groove for the insertion of

the circumference of the membrana tynipani

is the opening by which the chorda tympani,

accompanied by an artery, enters the tym-
panum.

In front and a little above the vestibular

fenestra, and on the anterior extremity of the

prominence of the aqueduct of Fallopius, is a

tubular projection with a wide open mouth
directed outwards. This tubular projection,

which is generally found incomplete in the

dry bone, in consequence of being composed
of a very thin brittle substance, is what has

been called the cochlearij'orm process. It is

the continuation, bent at nearly a right angle

outwards, of the canal or half canal, about half

an inch in length, and destined for the recep-

tion of the internal muscle of the malleus,

which lies above the osseous part of the Eusta-

chian tube, and is separated from it merely by

* Ueber den Canalis tympanicus und mastoideus,
in Tiedemann's, Triviranus, und Gmolin's Zeit-
schrift fur die Physiologic, B. iv. Heft 2, No. nxi.

p. 284.

a thin lamina of bone, the continuation of
that forming the tubular projection.

Fig. 248.

The inner wall of the tympanum,

a. Promontory ; 6. vestibular fenestra ; c. coch-
lear fenestra ; d. pyramid ; e. eminence of the
aqueduct of Fallopius

; f. cochleariform process

and half canal for the internal muscle of the mal-
leus.

The outer wall of the tympanum is formed
by the membrana tympani and the niner ex-

tremity of the osseous part of tlie external au-

ditory passage, in which the membrana tympani
is framed.

Osseous portion of the auditor)/ passage.—
This leads from the outside of the temporal

bone. In front of it lies the glenoid cavity,

and behind it is the mastoid process. It is

about three-quarters of an inch long. Its

course is from without inwards and from
behind forwards, at first a little upwards and
then downwards. It is wider at either extre-

mity than in its middle. A cross section of

the passage presents an elliptical orifice, the

long diameter of which is directed from behind

forwards and from below upwards. Its extre-

mities are cut obliquely in such a way that in-

ternally the anterior wall exceeds the posterior,

whereas at the outer orifice the posterior wall

exceeds the anterior in length.

The margin of the outer orifice is rough and
irregular to give attachment to the cartilaginous

portion of the passage and to the auricle. Just

within the itiner orifice the osseous auditory

passage is grooved all round except at its upper
part. This groove is for the reception of the

circumference of the membrana tympani.

In the foetus the osseous portion of the audi-

tory passage is a mere ring of bone, the tyni'

panic ring, incomplete at the upper part where
the groove in the adult is wanting. The tym-
panic ring serves as a frame for the membrana
tympani. On the inner surface of the superior

extremity of the anterior crus of this incomplete

ring of bone there is a broad superficial groove,

into which the processus gracilis of the malleus

is received.

By-and-bye the tympanic ring is united to

the temporal bone, and in process of time the

part outside the groove grows outwards so as to

form that plate of bone, thick behind, thin in

front, rolled together in the form of an incom-
plete tube, which in the adult composes the

lower, the anterior, and the posterior walls of

the osseous auditory passage.
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The tympanic ring lies immediately behind
the glenoid cavity of the temporal bone, from
which its anterior part is separated by a fissure.

The middle part of this fissure, together with a
line indicating the whole, remains permanent
in the adult, and is known by the name of
fissure of Glasser. Its internal orifice is, in the
adult as it is in the young bone, in the outer
wall of the tympanum, anteriorly of, and close
to the groove for the reception of the raembrana
tympani. The fissure of Glasser gives passage
to the ligament, or so-called great external
muscle of the malleus, which is inserted into
the processus gracilis of the malleus. The
chorda tympani does not actually pass through
the fissure of Glasser as commonly described,
but as M. Huguier* has shown, through a par-
ticular canal, extremely narrow and about half
an inch long, which runs in the line of the
fissure, and opens at the re-entering angle be-
tween the squamous and petrous portions of
the temporal bone.

Membrane ofthe tympanum, (memhrana tym-
pani, Fr. la membrane du ti/mpan on du tam-
bour,) Germ, das Trommel/ell oder Pauken-
foU.—A proper inembrana tympani exists only
in birds and manimifera. In reptiles there is a
very imperfect representation of one. In birds
the membrana tympani is convex externally, in
the mammifera, on the contrary, it is concave.
The convexity externally in birds forms a very
important distinguishing character of the class.

In die cetaceous mammifera the membrana tym-
pani is thick, and presents a prolongation like
the tube of a funnel into the cavity of the tym-
panum.

I'he membrana tympani is situated at the
bottom of the external auditory passage, be-
tween which and the cavity of the tympanum
it is interposed like a partition. It is a thin,

semi-transparent, glistening, dry-looking mem-
brane. Its shape is an oval, truncated at one
extremity, the upper. Rather more than the
upper half of its vertical diameter is traversed
by the handle of the malleus, which, when the
membrane is examined on the living subject by
means of the sjieculura auris, appears directed
from above downwards and backwards.

llie longest diameter of the membrana tym-
pani, which is directed from above downwards,
and from behind forwards, is about eight-
twentieths of an inch, and its shortest, that from
behind forwards, somewhat less than seven
twentieths of an inch. It is fixed by its cir-

cumference in the circular groove already men-
tioned, at the inner orifice of the osseous part
of the external auditory passage, or in the fcetus,

the tympanic ring; and as in the adult the ori-

fice is cut obliquely from behind forwards,
from above downwards, and fi-om without in-
wards, so is the direction of the membrane.
Hence it forms, with the upper and posteiior
wall of the auditory passage, an obtuse angle,
and with the lower and anterior wall, an acute
angle.

Figure U^ represents the adult membrana

• Craveilhier, Anatomie Seseriptive, tome iii.

p. SOS.

tymiiani of the right side ; a. as seen from the
auditory passage ; b. as seen from the tympa-
num. Its shape, size, the mode in which the
malleus is connected with it, and the cartila-

ginous ring which forms its circumfetence, are

sufficiently well shown.

J'^.249.

^
The membrana tympani does not present

plane surfaces. On the contrary its centre is

drawn inwards, so that it is concave externally,

and convex internally. This disposition of the

membrana tympani depends on its connexion
with the handle of the malleus. The latter being
fixed in its whole length to considerably more
than the upper half of the vertical diameter of
the former, and having an inward direction in-

feriorly, the membrana tympani is, as it were,
drawn inwards to it, hence the concavity ex-
ternally.

As regards the composition of the membrana
tympani, it consists of a proper membrane and
two borrowed layers, one of which, covering
the external surface of the proper membrane, is

a delicate continuation, in the form of a blind
end, of the lining of the auditory passage, and
the other, situated on the inner surfece, is

a continuation of the delicate membrane which
gives a lining generally to the cavity of the
tympanum. The latter adheres very closely to

the proper membrane, the other not so inti-

mately, as it readily separates from it by putre-
fiiction, and can be drawn out along with the
rest of the epidermis of the external auditory
passage in a cul-de-sac.

Structure of the proper membrane.—The pro-
per membrane can be divided into two layers,

an outer thin one, consisting of radiating fibres,

and an inner thicker layer, which is less dis-

tinctly fibrous, though when torn it does indi-

cate a fibrous disposition, and that in a direc-
tion opposite to the former. The radiating

fibres run from its circumference towards the
centre, to be fixed to the handle of the malleus
along its whole extent. Towards the centre

they become stronger, and being, of course,
more aggregated, the layer which they compose
is thicker and more compact in the centre than
towards its circumference. The fibres which
cross the radiating ones are also more aggre-

gated at the centre. They run parallel with
the handle of the malleus, and turn round
its extremity. At the circumference of the

proper membrane, there is a thick firm ligamen-

tous or cartilaginous ring, (fig- 249,) which
is fixed in the groove of the bone. This liga-

mentous ring appears to be formed by an ag-
gregation of the circular fibres interwoven with
the peripheral e-xtremities of the radiating

ones. The part of the membrana tympani
midway between its centre and circumference

is the thinnest.

The radiating fibres have been supposed to
2o
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be muscular by Sir Everard Home and others,

but this has not been confirmed by microscopi-

cal examination.

Mr. Shrapnell* describes at the anterior and

superior pari of the membrana tympani, above

the short process of the malleus and its suspen-

sory ligament, and where tlie groove in the bone

is deficient, a fiaccid tissue, composed of irre-

gularly arranged fibres, to which he gives the

naraeof memln-dtiajlacckla, in opposition to the

rest of the membrana tympani, wliich he calls

vii-inbruna tensa. This flaccid tissue is more
developed in some of the lower animals, the

sheep and hare for instance, than in man, and
can be readily made to bulge out towards the

auditory passage by blowing air into the Eusta-

chian tube. Uut we cannot look upon it, with

Mr. Shrapnel!, as properly forming any part of

the membrana tympani. It is merely a mass
of dense, reddish, vascular cellular tissue, sur-

rounding the neck of the malleus, and conti-

nuous with a similar tissue found under the

lining integument of the upper wall of the

osseous auditory passage. It is this same tis-

sue which has been described as a muscle, and
sometimes as a ligament.

The membrana tympani has been said to

present in the natural state a perforation closed

by a valve. Uivinus,f though not tlie first to

mention it, dwelt on it, however, in a parti-

cular manner, hence the perforation has been
called hiatus Rivinitmus. The subject has been
more recently taken up by Wittmann and

Vest.t

The membrana tympani receives a nerve

from the third division of the fifth, which has

communications with filaments of the chorda

tympani.

To resume our description of the cavity of

the tympanum:-—In the upper wall of the

tympanum there is an excavation for receiving

the upper part of the incus, and leading from

that, at the upper and back part of the tympa-
num, is a short, wide, triangular canal, with a
rough cellular surface. This is the passage to

the mastoid cells, through the medium of a

large cell, sinuositas mastoidca s. sinus vuimmil-

luris, s. antrum mammillure, which already ex-

ists in tlie young bone between the squamous
and petrous portions.

The mastoid cells are cavities in the mas-
toid process, all communicating with each

other. They are quite irregular in regard to

size, number, and relative situation. In early

life, as the mastoid process is not fully formed,

they do not exist, they are only found com-
pletely developed in the adult.

Inferiorly, the cavity of the tympanum forms

a sort of furrow, which presents nothing ]>arti-

cular. It is bounded by the plate of bone

•which forms the outer wall of the jugular fossa.

* On the form and structure of the membrana
tympani, in liondon Medical Gazette, vol. x. p.

Via. l-ondon, 1832.

t De auditus vitiis, Lipsije, 1717, 4, p. 32. Tab.
adj. Fig. l,fc. etfig. 2, ft.

\ Ueber die Wittmannsche Trommelfellklappe,

in den mediziniscli. Jalirbiichern des oestr, Staates.

Bd. V. Wien, mi<», p. 123, 133.

Anteriorly, the cavity of the tympanum
opens into the osseous portion ofthe Eustachian

tube.

The ossicles or small bones of the ear (ossi-

cula auditus s. aurium, Er. osselets de /' ouie

;

Germ. dieGehvrknochelchen, orGehdrbeinehen).

In the upper part of the cavity of the tympa-
num, there are three small bones articulated

with each other, and forming a chain which

reaches from the membrana tympani to the ves-

tibular fenestra. The bones are named malleus,

tncu-s, and stapes, from their resembling more or

less respectively a hammer, an anvil, and a

stirrup iron.

The innermost and most essential is the sta-

pes ; it is it alone which in birds and reptiles

remains, when the others have disappeared, or

been reduced to merely cartilaginous pieces.

The stapes is engaged in the vestibular fenes-

tra.

The outermost of the chain, the malleus, is

in connexion with the membrana tympani.

The hammer bone, (malleus,) Fr. le marteau.

Germ, das Hammer, presents a head, a neck, a

handle, and two processes, one longer, and one

shorter.

The head, caput s. capitulum, is round and

smooth on one surface, and on the other pre-

sents a saddle-shaped depression, surrounded

by a small elevated border. The depression

articulates with the incus, and the border is for

the attachment of the synovial capsule of this

minute joint.

The neck, collutn s. cervix, is flattened in one

diameter, and joins the handle at an obtuse

angle.

The handle, manubrium mallei, compressed

from the side corresponding to the articular

depression to the opposite side, and diminish-

ing in thickness towards its extremity, forms,

together with the short process, a double curve,

like an Italic /'. The extremity is also com-
pressed, as if beaten flat, but in an opposite di-

rection, so that the broad surfaces of the extre-

mity correspond to the edges of the rest of the

handle.

Short or blunt process, processus brevis s.

obtusus. From the projecting side of the an-

gle formed by the junction of the neck and
manubrium, this process, which is short, thick

and conical, rises.

The long or slender process, processus longui,

s. gracilis, s. spinosiis, s. Fulii, springs from the

neck, and from that side of it which corres-

ponds with the non-articular surface of the

head. The long process is of considera-

ble length, and terminates in a broad, fiat,

spatula-like extremity, first described by Ran,*

although the commencement or root of the

process itself had been previously delineated

and described by Folius. The long process is

generally found broken otf, either from its being

so slender, or from its having been, especially

in old subjects, united to the groove in which it

is lodged.

2'Ae anvil bone, incus, Vt. l-'cnclume. Germ.

358.
Boerhaave I'raelect. in Insiilt., I'rop. iv. p.
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rfer Amhnu.—This lias been compared, also, to

a bicuspid molar tuoth. it is divided into a
body, and two processes, or crura.

The body, corpus, presents a concave articu-

lar surface, by which it is joined to the malleus

:

around this surface is a groove, (particularly

deep and broad on the side towards the laby-

rinth, that is, the side on which the lenticular

process projects,) for the insertion of the articu-

lar capsule.

The shorter of the two processes, crus s. pro-
cessus superior s. brcvis, is blunt at its apex,
and compressed from one side to anotlier.

The longer process, crus s. processus itiferior

s. tongus, is more slender, and biecomes gradually

thinner towards its extremity, where it is slightly

curved, and where it presents, supported on a
short bony pedicle, given off at a right angle
from its side, the lenticular process, processus

IcnticuUiris incuJis;*—a small oval plate so

situated, that a line drawn through the long

diameter of it would intersect obliquely a line

corres|)ondiiig to the long crus of the incus.

The free surface of the lenticular process is

convex, and is destined to articulate witli the

corresponding concave surface on the head of
the stapes. The lenticular process has been,
and is still, often described as a separate bone,

under the name of os Icnticulure.

The stirrup bone, (stapes). Fr. L'etrier.

Germ. Der Steigbiigel.—Exactly like a stirrup,

this bone presents a base, two crura, and a head,
where the crura unite.

Tlie base, basis, the essential part of the bone,
has precisely the same shape as the vestibular

fenestra to which it is applied, only a little

smaller. The arched margin of the base cor-

resjwnds to the upper edge of the fenestra, and
the indented margin to the lower edge.

The surface of the base corresponding to the

vestibular fenestra is slightly convex. The other
surface is grooved ; but the groove is subdivided
by a ridge, which extends obliquely along it

lengthways, and which is continuous at its ex-

tremities with the upper margin of the groove
on tlie inner surface of one crus, and the lower
margin of the groove of the opposite crus.

The margin of the base projects like a ledge
beyond the insertion of the crura.

Of the two crura, one is shorter and straighter

than the other ; both are grooved on the surfaces

regarding each other, and the grooves are con-
tinued into that just described in the base, in

such a way that the groove of one crus is con-
tinued into one of the divisions, and the groove
of the other crus into the other.

The head, capitulum, somewhat oblong and
flat, presents a superficial depression on its top,

oblique from above downwards, and from with-

out inwards, for receiving the convex articular

surface of the lenticular process of the incus.

There is sometimes an appearance of a neck
supnorting the head.

rosition, connexions, and articulations of the
small bones of the tympanum.—The handle of

• Blumenbach, Geschichle, und Beschreibung
der menschl. KiiMben, s. SO, p. 145.

Fig. 350.

Small hona of the tympanum of the left tide, mag-
nijied conxiaerably more than twice. (FromSoan-
merring.J

A is the malleus seen from the side correspond-
ing to the membrana tympani : a. head ; b. articu-

lar surface ; c. neck ; d. handle ; e. short process ;

f. long process.

B. The incus seen from its outer surface also :

a, body ; 6. articular surface ; c. short eras ; d.
long crus ; e e. lenticular process.

C. The stapes : a. head ; b. neck ; c. anterior
and less bent crus ; d. posterior and more bent crua ;
e. base.

D. A fore-shortened view of the stapes : a. an-
terior and less curved crus ; b. posterior cms, the
two are seen uniting at the bead, ibe articular sur-
face of which is seen ; c. base.

the malleus is fixed to the membrana tyrapani.

The articular surface on the head of the malleus,
to the corresponding surface on the body of the
incus, and the long process of the incus, is

through the medium of its lenticular process
articulated with the stapes. These two joints

are furnished with small articular capsules.

The head of the malleus lies in the upper
space of the tympanum, above the upper margin
of the membrana tympani. Its articular sur-
face is directed obliquely backwards and in-

vrards. The surface of the neck, corresponding
to the prominence of the angle which it forms
with the manubrium, is hitched like a shoulder
under the upper part of the circumference of
the inner extremity of the auditory passage.
The handle of the malleus, it has been said,
is compressed from one side to another, so that
it presents two flat surfaces and two edges or
ridges. That edge or ridge which is continued
down from the short process is turned outwards,
and corresponds to the membrana tympani

;

into it, indeed, along its whole extent, the cen-
tral extremities of the radiating fibres of that

membrane are inserted. The extremity of the
handle of the malleus, which is curved forwards
and outwards, is compressed, but in a direction

contrary to the rest of the handle ; so that one
of the flat surfaces, that corresponding to the
outer ridge of the rest of the handle, is con-
nected with the membrana tympani at a point
below its centre, and nearer its anterior edge.

It is at this ))Oint that the bottom of the con-
cavity is which the membrana tympani presents

externally. At its upper part the membrana
tympani is pushed outwards by the short pro-

cess of the malleus, which projects towards the
auditory passage.

2 o 2
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The long process of the malleus is directed
forwards, und lies in a groove within the anterior

part of that for the reception of the membrana
tympani, and close to the fissure of Glasser.

To tlie top of the head of the malleus, a
ligament extends downwards from tlie upper
wall of the cavity of the tympanum. Another
ligament, known also under the name of the

great external muscle of the malteus, proceeds
from the spinous process of the sphenoid bone
backwards and inwards, through the fissure of
Glasser, and is inserted into the long process of
the malleus. A third ligament has been de-
scribed, as arising fi-om within the upper and
posterior margin of the inner orifice of the
auditory passage above the margin of the mem-
brana tympani, and proceeding downwards and
inwards to be inserted into the handle of the
malleus below the short process, close to the
place where the connexion between the handle
of the malleus and the membrana tympani
ceases. Of this ligament, which has also been
described as a muscle, small external mtiscle of
the malleus, there is not much trace, except in
the reddish cellular tissue already mentioned.
The body of the incus lies in the upper and

posterior part of the tympanic cavity. Its

articular surface, corresponding to that of the
malleus, is directed forwards, and a little up-
wards and outwards. The articulating surfaces
of the two bones are incrusled with cartilage,

and tlie joint is provided with a synovial mem-
brane, which is strengthened by ligamentous
fibres. The short branch is directed horizon-
tally backwards towards the entrance into the
mastoid cells, and is there fixed by means of a
short and broad ligament, which arises from a
small pit in the outer wall, and embracing its

extremity, is inserted on it. The long branch
extends perpendicularly downwards, almost pa-
rallel with the handle of the malleus, but nearer
the inner wall of the tympanum, towards which
its extremity, bearing the lenticular process, is

curved.

The stapes, situated lower down in the cavity
of the tympanum than the other bones, lies

with its base applied to the vestibular fenestra,

to the circumference of which it is closely fixed
by a circular ligament, ligumentum annulare
baseos stapidis. This ligament springs from the
margin of the vestibular fenestra, and is inserted
into the jutting margin of the base of the stapes
all round. Besides this ligament, there are re-

flections of the membrane lining the tympanum,
and of that lining the vestibule. The con-
nexions of the base of the stapes with the ves-
tibular fenestra are such as to admit of some
degree of movement, but not to any very great
extent,—so little, that it would seem one object
of the mechanism of the fenestra ovalis, and its

closure by the base of the stapes, was merely
to interrupt the continuity of the osseous walls
of the vestibule.

The short branch of the stapes is in front

;

the long branch behind, and its head outwards,
where it meets and articulates with the lenticu-

lar process of the long branch of the incus.

This articulation presents also cartilages of in-

crustation, and a minute synovial capsule, to-

gether with strengthening ligamentous fibres.

Fig. 251.

The mnall bones conjiected together^ and their relation
to the ossemis labyrinth. Left side. Magnijied,
(From Soemmerring.)

Muscles of the small bones.—Some anatomists

admit four muscles : three attached to the mal-
leus and one to the stapes. Of the three at-

tached to the malleus,two are described as having
for their action the relaxation of the membrana
tympani; but these so called luxatores tym-
pani are merely ligaments, and have been de-
scribed above as such. I agree with llagen-

bach,* Breschet,t and Lincke,J that two muscles
only can be distinctly demonstrated, and these

two are both tensors of the tympanum. A
relaxation, or state of rest of the membrana
tympani, takes place of itself, as Treviraiius§

remarks, when the tensors cease to act; hence
a relaxator muscle of the membrana tympani
was not required.

Muscle of the malleus, musculus intemus
mallei s. tensor tympani.—This muscle occupies

the canal, or half canal, which was described as
lying above the osseous part of the Eustachian
tube. It arises from the posterior and under
part of the sphenoid bone, from the superior

part of the cartilaginous portion of the Eusta-
chian tube, and also from an aponeurotic sheath

which lines the canal, or completes the groove
in which it is lodged. Its fibres proceed from
before backwards, and terminate in a slender

tendon, which bending at a right angle, as a
rope over a pulley, enters the cavity of the

tympanum, through the tubular projection al-

ready described as a continuation of the canal

in which it lies. Having entered the tympanum,
it proceeds outwards, and is inserted into a
slight elevation, sometimes remarked on the

inner and anterior surface of the handle of the

malleus below the long process, and also a
little below and opposite the root of the shoit

* Disquisitiones anatornicx circa miisculos auria
interna: hominis et Mammalium, &c. Basilc«, 1833.

p. 20.

t Op. cit, s. xxxiii.

X Das GehiJrorgan, &c. Leipzig, 1837, p. 140,
s. 114.

J Biologie, Band. vi. p. 376.
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process. Ths muscle of tlie malleus receives

a nervous branch from the olic ganglion.

By tlie action of this muscle, the handle of

the malleus is drawn inwards and forwards,

whilst the head is moved in the opposite direc-

tion, in consequence of the bone moving on its

long process as on an axis. The result of this

movement of the bone is, that the niembrana
tympani, which is attached to the handle of the

malleus in its whole length, is also drawn in-

wards and stretched. Besides llie tension to

which the membrana tympani is thus subjected,

the base of the stapes is forced against the ves-

tibular fenestra, in consequence of the move-
ment communicated by the head of the malleus

to the incus, which tends to press inwards the

long extremity of the latter.

Mmcle of the stupes, M. stapedius.—This is

lodged, and takes origin in the cavity of

the i)yrdmid already described. Much paler

and smaller than the preceding muscle, it is

inserted into the posterior and upper part of the

head of the stapes by a slender tendon, which
issues by the ajxirture in the summit of the py-
ramid, and proceeds downwards and forwards

to its termination.

The stapedius muscle receives a nervous fila-

ment from the facial nerve.

Tlie first effect of the action of this muscle
will be to press the posterior part of the base of

the stapes against the vestibular fenestra. At
the same time the long branch of the incus will

be drawn backwards and inwards, and the head

of the malleus being, by this movement of the

incus, pressed forwards and outwards, its han-
dle will be laTied inwards, and the membrana
tympani thus put on the stretch. Ureschet

calls the muscle of the stapes a laxator, but I

do not know on what grounds.

Magendie* mentions the circumstance that

in the stapedius muscle of tlie ox and horse,

there is imbedded a small lenticular bone.

Professor Berthold of Gottingenf has more
lately called attention to the same circumstance.

Berthold has not found this bone in man, nor

sheep, nor deer, nor goats, nor swine. In the

ox and calf it is about one-half to three-fourths

of a line in its longest diameter, and one-third

in the shortest, and lies surrounded by the mus-
cular and tendinous substance where the for-

mer passes into the latter. In the horse it is a

little nearer the lower margin <|>f the muscle and
tendon, and is much smaller than in the ox;

moreover, it is not round, but is a longish plate,

somewhat thicker in the middle.

At the place where the stapedius muscle is

inserted into the stapes, llyrtlj has sometimes
found in the human ear a small process of bone
which in some cases was so long as to extend

• Sur lea organca qui tcndent ou relachenl la mem-
brane du tympan ct la chaiiie des osseleu dc I'ouie

daas I'homme ct les animaiix mam nii feres. In
Journal de Physiologic cxperiQicntale, t. 1., p.
346. Paris, 1821.

t Ueber cin linsenfurmigcs Knochclchen im
Musculus Stapedius mehrerer Siiugethiere. la
Mueller's Archiv. Jahrg. 1838.

^ Beitrage zur pathologischen Anatomic des
Gehbrorgans, in the Medicin. Jahrbiicbcr des
k. k. oeatt. Slaates. Wien 183(>. Bd. xx. p.
439.

into the belly of the muscle itself. Teichmeyer*
has described this free bone of the stapedius

muscle as constant in man.
Having described the walls and contents of

the cavity of the tympanum, we come now to

speak of tlie membrane which lines it.

The lining membriine of the cavity of the

tympanum is in continuity with the mucous
membrane of the throat, through the Eu.stachian

tube. Extremely delicate, and in some parts

very vascular, it is not merely a mucous
membrane, but is theoretically a combination

of periosteum and mucous membrane, being

what Bichat called fibro-mucous. It invests all

the elevations and depressions observed on the

walls of the tympanum, and extends into the

mastoid cells. The outer layer of the mem-
brane of the fenestra rotunda, membrana tym-
pani secundaria, is a continuation of it.

The base of the stapes is fixed by its circum-

ference to the outer edge of the groove, which
encircles the vestibular fenestra, by a membrane
or ligament. The lining membrane of the ves-

tibule, continued over the base of the stapes

from within, also invests the inner surface of
this annular ligament, whilst the outer surface

of it is covered by the membrane lining the

tympanum as it is reflected on the stapes.

The membrane lining the tympanum invests

the small bones and the tendons of their mus-
cles where they run free in the cavity. A fold

of it fills up the space bounded by thecruraand
base of the stapes. The chorda tympani, also,

in its passage across the tympanum, is enve-
loped by it. Lastly, it forms the inner bor-

rowed layer of the membrana tympani, cover-

ing and adhering closely to the handle of tlie

malleus.

The Eustachian tube,(tuba Eustachii, s. ca-

nalis pulatinus tympani ; Fr. lu trompe ifEu*-
tachi ; Germ, die Eustachische R'uhre oder der

Gaumengang des mittleren Ohrs.) — The
Eustachian tube is a passage of communication
betwixt the cavity of the tympanum and the

throat. In length about an inch and a half, it

is directed from behind forwards, from without

inwards, and from above downwards. Its gut-

tural orifice is wider than that by which it opens
into the tympanum.

Proceeding from the tympanum, its first part

is an osseous canal, the osseous part of the Eus-
tachian tube ; the walls of the remainder of it

are composed partly of cartilage, partly of
fibrous membrane, the cartilaginous and mem-
braneous portion of the Eustachian tube.

The osseous part of the Eustachian tube, par$

osseu tuba Eustachii, begins at the anterior and
lower part of the tympanum, by a funnel-like

orifice, and runs forwards and inwards on the

outside of the carotid canal, and below that for

the reception of the internal muscle of the mal-

leus. It is about half an inch in length, and
ends by a notched and irregular edge at the re-

entering angle, between the squamous and
petrous portions of the temporal bone. Its

calibre contracts in its course foi-wards, and is

compressed from without and below inwards

* Vindicis quorundam inventortun anat« in dnbinm
vocatorum. Jeux 1727. 4.
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and upwards. In the dry bone it is wide
enough to admit tlie end of a quill stripiied of

its feathery part, about one-twelfth of an iueh

thick. In the recent state, when Inied by its

mucous membrane, it is very much narrower.

The curtdugimms and mimhruncous portion

ofthe Kustuchiun tube,purs curtilughieuet iiicni-

branaceu luhte Eustac/iii.—In the skull it is ob-

served that the osseous part of the Eust;ichian

tube is continuous with a sort of gutter which
is formed by the outer and anterior side of the

petrous bone, and the posterior inner and lower

margin of the great wing of the sphenoid bone.

To this gutter the external wall of that part of

the Eustachian tube under consideration, which
is partly cartilaginous and partly fibro-membra-

neous, corresponds at its tympanic extremity;

towards the guttural orifice of the tube, the

membraneous wall is applied against the circum-

flex muscle of the palate. The inner, and also

the upper wall of this portion of the Kustachiau

tube, is formed of a grooved cartilagnious la-

mina of a triangular form, fixed by dense cel-

lular tissue to the irregular extremity of the

osseous portion, to the apex of the petrous

bone, and to the root of the inner plate of the

pterygoid process of the sphenoid. At the

guttural orifice of the Eustachian tube, it forms

a semilunar prominence with its convexity

turned upwards and backwards. The cartila-

ginous plate of the outer wall does not extend

to the mouth of the tube, but only fills u]) that

place where the outer wall of the bony groove

above-mentioned as continuous with the osseous

part of the Eustachian tube is defective, that is,

from before tlie foramen spinosura of the sphe-

noid to the scaphoid fossa at the root of the in-

ner plate of the pterygoid process.

The cartilaginous and membraneous portion

of the Eustachian tube is about one inch long.

Being compressed from within outwards, a sec-

tion of it is an elliptical fissure. From its junc-

tion with the osseous portion, it goes on widen-
ing, so that the point of junction is the narrow-

est part of the tube ;—in the recent state, about
one-thirtieth of an inch in diameter, just suffi-

cient to admit a small probe.

The mouth of tlie Eustachian tube in the

throat forms an oval-shaped fissure, about

three-eighths of an inch long, bounded ante-

riorly and posteriorly by prominent swollen

edges. Tlie fissure is directed obliquely from

above downwards, and from before backwards,

and is situated at the upper and lateral part of

the pharynx behind tlie soft palate. In refe-

rence to the nasal passage, my observation

agrees with that of Kramer,* that the loxver

angle of the guttural orifice of the Eustachian

tube lies a veri/ little deeper than the horizontal

line oj' the lowest meatus, whilst the upper

angle is a little deeper than the horizontal line

of the middle meatus.

The Eustachian tube is essentially a tegumen-

tary canal ; through it atmospherical air is ad-

mitted into the tympanum, a condition which,

by keeping up an ecjuable pressure on either

side of the membrana tympani, and giving free

* Die Erkenntoiss und Hcilung dcr Ohrenkrank-
haiten. Berlin, 1836. p. 243.

scope to the play of the small bones upon each

other, is necessary for the perfect exercise of

hearing. Its lining membrane is continuous

with that of the throat on the one hand, and

with that of the tympanum on the other.

At the guttural orifice of the tube, it has all the

properties of the mucous membrane of the

nose and throat ; as it approaches the tympa-

num It becomes thinner and finer, until it

assumes all the characters of the fibro-mucous

lining of the tympanum. Within the osseous

portion of the tube, it no longer presents any of

the mucous glands which are found in the

mucous membrane of the prominent edges of

the guttural orifice, and in that lining the carti-

laginous and membraneous portion—mucous
glands, which perforin so im))ortaiit a part in

the economy, and particularly the morbid states,

of the Eustachian tube and apparatus of hear-

ing generally.

Fig. 252.

The tux) muacla of the mtall bones, and the Etula-

chian tube. (From Suemmerring.J

a. b. c. d. Eustachian tube ; e. muscle of the mal-
leus

; f. the muscle of the stapes.

2. The external ear, including the audilory

passage.

A. The auricle or the ear, (auricula s. pin-

na,) Fr. pavilion de I'oreille; Germ, das Ohr.—
The human auricle, as is known, presents on
the surface directed outwards, prominences

bounding gutter-like depressions, which wind
like a maze in different directions; but all lead

at last into the auditory passage. Considered

in a general way, the surface directed outwards

is concave. The surface turned towards the

side of the head is, on the contrary, generally

speaking, convex, but it is depressed at the

places corresponding to the elevations on the

outer surface, and more elevated where the de-

pressions are.

The hem-like fold of the edge of the ear all

round is called helix. The eminence within

the helix is called anthelix, and the gutter-like

depression between the two is called the navi-

cular fossa. At its upper extremity the anthe-

lix divides into two branches, between which is

a triangular depression called_/bssn innomiiiata.

The lower extremity of the anthelix runs into

a projection called Bn<i7r«g«s, opposite which,

and under the anterior part of the helix, is a

broad projecting plate called tragus, which

lies over the entrance of the auditory passage
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like a valve. Tlie posterior margin of tlie

tragus, and anterior margin of tlie aiililragus,

meet inferiorly ; but superiorly tlipy are sepa-
rated by a considerable notch. Bounded by
tlie anthelix, tragus, and antitragus, and tra-

versed horizontally by tlie commencement of the
helix, is a deep cavity, called concha, at the an-
terior part of which is the auditory pssage
leading from it, as the pine from the mouth of a
funnel. The lower pendulous part of the ear is

called lobule.

Fig. 253.

a. b, c. d. e. the helix ;

f.g. the upper and lower
crura of the anthelix; A.

the point of junction of
the two crura; t. k. the
anth(!lix ; I. trat;U!t ; m.
antitragus ; n. lobule ; o.

navicular fossa
; ;;. fossa

innominata
; q. cavity of

the concha ; r. entrance
of the auditory passage.

The auricle of the left tide (reduced in ttMeJ. (From
Soemmerring.

)

Stripped of the skin which invests it, the

auricle is found to be composed of a cartila-

ginous skeleton, on which its elasticity depends.

The skeleton presents, with some modifiaitions,

all the eminences and depressions we have de-

scribed, except the lobule, which consists merely

of a jirolonged fold of skin, between the layers

of which is cellular and adipose tissue.

In the skeleton of the auricle, the helix com-
mences by an acute point in the excavation

of the concha. Gradually becoming broader
and more elevated, it proceeds obliquely up-
wards and forwards, then turning round the

upper margin of the ear, contracts in breadth ;

and about the middle of the posterior man;in,
its hemlike fold having ceased, its simple edge
is continued into a free tail-like process of car-

tilage, which is separated by a fissure from the

antitragus. On the anterior part of the helix

above the tragus, there is a mammillary process
of cartilage which gives attachment to a liga-

ment. Behind and below the root of this

mammillary process, there is a small vertical

fissure in the helix, incisurii helicis.

llegarding the anthelix there is little more to
be said, except that the lower branch of its

upper extremity forms a very prominent crest

;

and that inferiorly the anthelix is continued into

the same tail-like process that the helix runs
into, and is also partly continued into the anti-

tragus.

The antitragus is a small plate of cartilage,

forming an angle, directed upwards and forwards.
It is continuous by its base with the cartilage

of the concha. The lobule hangs from the
antitragus, and the tail-like process of cartilage

common to the helix and anthelix.

Tragus.—Between the helix and tragus tliere

is no connexion by cartilage. The space is

merely filled by a continuation of the fibrous
cellular tissue which constitutes the upper and
posterior part of the cartilaginous and mem-
braneous portion of the auditory passage.

Tlie cartilage of th« ear is covered by peri-

chondrium, which imparts considerable strength

to It. When the perichondrium is removed by

dissection, the cartilage is found to be very

brittle.

Fig. 254.

a. a. a. a. helix ; b. ant-

helix ; c. two crura of

anthelix ; d. cavity of the
concha; e. antitragus;

f. tragus
; g. tissurc be-

tween the tragus and
commencement of carti-

laginous portion of the

auditory passage, the

larger fissure of Santo-
rini.

Skeleton of the cartilage of the external ear (dimi-
nithed). (From Soemmerring.)

The skin covering the cartilage of the ear

adheres intimately to its unequal surface, less

so to its back and circumference. The lower
part of the hem-like fold of the helix is formed
entirely by it; also the lobule, as has been
already said. The skin of the auricle contains

a number of sebaceous follicles, particularly in

the concha, and around the entrance of the au-
ditory passage.

On the tragus is observed, especially in old

people, a small tuft of hair, which has been
compared to a goat's be-ard ; whence the name
tragus,(Tjayo{,hircus,) which theGermans trans-

late Bock. The antitragus they call Gegenbock.
Ligaments of the ear. Anterior ligament,

(Ugamentumauricula anterius).—This proceeds

from the root of the zygomatic proce'<s to the

lower and anterior part of the helix, and to tlie

tragus.

Posterior ligament, (ligamenlum auricula

posterius).— Extends from the outer surfece of

the mastoid process to the posterior surface of
the cartilage of the ear, where the concha runs

into the auditory passage. Besides the above
ligaments binding the ear to the head, there are

others which extend from one point of the car-

tilage of the ear to another.

Muscles of the ear.—The muscles of the ear

fall into two classes : viz. those which, arising

from the head, are inserted into the ear, and
move it as a whole ; and those which, extend-

ing from one part of the cartilage to another,

are calculated, were they strong enough, to pro-

duce a change in the general form of the auricle.

Muscles which move the ear as a whole, or the

extrinsic muscles.— The elevator, or superior

muscle of the ear, (M. attollens auricutam t.

superior auricula), is a broad thin muscle,

composed of fibres spread out on the upper part

of the side of the head. It arises from the

middle part of the epicranial aponeuroses, and
also from the temporal aponeuroses ; thence, to

its insertion into that elevation of the ear-carti-

lage on the surface next the head, which cor-

responds to the fossa innominata, the fibres be-

come more aggregated, so that the muscle is

much narrower, but thicker inferiorly than su-

periorly. By elevating the upper part of the
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ear, it will widen and straighten the auditory

passage.

The retractor or posterior muscles of the ear,

(M. retruhenles imriculam, s. postenorrs anri-

cutte.) Theseoidiiiurily consist of three bundles,

sometimes only two, which, taking tlieir origin

from the mastoid process, run forwards to tlie

cartilage of the ear, into vvliich tliey are inserted

at the eminence on the back of tlie concha,

corresponding to the commencement of the helix

on the other side.

In drawing the ear backwards, these muscles

will dilate and flatten the concha, and widen

the entrance to the auditory passage.

Tlie anterior muscle of the ear, (M. attrahens

auriculum s. anterior auricula:,) arises from the

zygomatic process, and, in its course backwards

to the ear, gradually contracts, until it ends in a

short tendon, which is inserted into the anterior

surfece of the helix, immediately above the

tragus. It draws the ear forwards.

aiJB

Fig. 255.

:"h

where the helix rises from the concha, and is

inserted into the posterior margin of the ascend-

ing portion of the helix.

The muscle of the tragus, (m. tragicus).—Of
an oblong square form, tliis muscle covers the

outer surface of the tragus, from the lower part

to the upper margin of which its fibres run.

The muscle of the antitragus, (m. antitragi~

cm).—The fibres of this muscle arise from the

outer surface of the antitragus, and are inserted

by a small tendon to which they converge into

the lower extremity of the anthelix.

Jig. 256.

a. m. helicis major;
c. m. helicis minor;
il. m tragicus

; e, m.
antitragicus.

The intrirmc muschs situated on the concave aide of
the auricle (diminished). (From Soemmerring).

The tramverse muscle of the ear, (m. trans-

versus auriculte,) is situated on the back of the

ear. It is composed of fasciculi not very dis-

tinctly muscular, which run from the dorsum of
the concha to tiie back of tiie anthelix, and the

elevation which corresponds to the navicular

fossa.

lig. 257.

a. transversus mus-
cle ; 4. helix ; c. back
of the conclia ; d. tra-

gus; e. fissure of Sau-
toriui

.

The cartilage of the left auricle from behind, and
the extrinsic muscles (dimmtshed). (From SoemmcT'
ring).

a. m. attoUens auriculam ; b. m. anterior auri-

culae ; c. d. two m. rctrahentes auriculam.

Intriiisic muscles of the ear.—These muscles
are very delicate and weak, little adapted to

produce any sensible change in the form of the

ear. Five are admitted :

—

The larger ynuscle of the helix, (M. helicis

major,) arises from the lower and anterior part

of the helix, on the outer and anterior suriiiee

of which it ascends for about three quarters of

an inch, and then is inserted into the helix above
the point where the ear becomes free from its

attachment to the head.

The smaller muscle of the helix, (M. helicis

minor.)—This lies farther down and more be-
hind than the preceding. It begins at the place

The back of tlie cartilage of the'^extemal ear and
the transversus muscle (diminished). (From Soemmer-
ring).

B. The external auditorypassage, (meatus au-

ditorius externus s, porus acusticus; Fr. Le con-

duit audiiif ou auriculaire ; Germ. l)er Geh'ur-

gung.)—Like the Eustachian tube, the external

auditory passage is composed of an osseous

portion, and a portion partly cartilaginous and
rartly membraneous. The osseous portion has

been already described as a part of the outer

wall of the tympanum; the other portion comes
to be noticed here as a continuation of the car-

tilage of the auricle. The passage will then be

considered as a whole.

Cartilaginous and membraneous portion of

the external auditory passage, meatus auditorius

cartilagineus-membrunuceus. This portion of

the auditory passage, about half an inch long, is

formed in front and below by cartilage, above
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and behind by dense fibro-membraneous cellu-

lar tissue, in wliich many ceruminousgliinds are
imbedded.

Tlie plate of cartilage which forms the an-
terior and lower wall of diis jKirtion of the

auditory passage is of a tiiangular shape with a
fissure runnmur through its base to near the apex.
The base is below ; the apex above. The base
corresponds to the anterior surface of the mas-
toid process. One side is attached to the

anterior and lower part of the circumference
of the outer extremity of the osseous passage,

by dense and strong cellular tissue. The other
side coires))onds to the base of the tragus.

The apex or angle formed by the two sides

runs into the upper part of the base of the

tragus, and corresponds to the root of the

zygomatic process. The angle formed by the

ba.se, and that side which is attached to the

osseous part of tlie passage, is extended into

a broad iwinted tongue, which is fixed into the

deep and rougli depression at the lowest part

of the margin of the orifice of the osseous
passage. The angle formed by the base and
the other side is continued into the concha.

The dense fibrous cellular tissue, which
completes the passage above and behind, ex-
tends from the cartilage of the concha to the

upper and posterior part of the margin of the

external orifice of the osseous part of the passage.

What are called the fissures of Santorini,

incisure Sunlorininixt, are:— 1. that fissure

extending through the base of the triangular

plate of cartilage to near its apex ; and 2. that

between the outer margin of the cartilage and
the base of the tragus. These fissures are

closed by fibrous cellular tissue which, particu-

larly over the second fissure, appeared to San-
torini to consist of muscular fibres. These
fibres have, therefore, received the name of the

muscle of the largest fissure, or the muscle of
Santorini, m. incisuree mujoris s. Suntorini.

Haller considered their action to be, by ap-
proximating the cartilaginous pieces, to shorten

the length of the passage.

Viewed as a whole, the auditory passage is a
canal of an oval calibre. It leads from the

auricle to the tym])anum, from the cavity of
which it is separated by the interposition of the

niembrana tympani. In front of it lies the

joint of the lower jaw, behind is the mastoid
process. In the adult its length is about an inch
and a quarter, and its direction is at first some-
what forwards, then upwards and backwards,
and lastly downwards and forwards again. Its

lower wall is from one-tenth to one-fifth of an
inch longer than tlie upper.

The auditoi-y passage is lined by a continua-

tion of the skin of the auricle. This skin be-

comes more and more delicate as it approaches
the osseous part of the passage,—extremely so
where it is continued on the outer surface of
the membrana tympani. The skin of the audi-
tory passage is covered with fine hairs, and in

old persons close to the entrance, hairs like

those on the tragus, sometimes of considerable

length, are enrooted.

The skin of the auditory passage is connected
to the subjacent cartilage and bone by lather

dense and sparing cellular tissue. TTie epider-

mis readily separates by putrefaction, and may
be drawn out like the finger of a glove, the

blind end being the part which forms the outer

borrowed layer of the membrana tympani.

From about a tenth of an inch within the

auditory passage to about one-fifth of an inch

from the membrana tympani, the lining integu-

ment is perforated by numerous small aper-

tures, the terminations of the excretory ducts of

the glands which secrete the ear-wax. Tliese

excretory orifices are most numerous about the

middle of the passage, towards the termination

of the cartil^inous and membraneous portion.

The ceruminous glands, gtandulo) cerumi-

nostt, are small round or oval bodies of a

brownish yellow colour, and very vascular.

They are imbedded in the areolae presented by
tlie dense cellular tissue which connects the

skin of the auditory passage to the subjacent

cartilage or bone.

The ear-wax, cerumen, is, as is known, a
thick orange-coloured or yellowish brown viscid

substance, of an extremely bitter taste, and
somewhat aromatic odour. When first secreted,

it is a thin yellowish milky fluid. (See Ceru-
men.)
The auditory passage, especially in the

middle, is usually covered with a more or less

thick layer of it. It consists principally of a

butter-like fet and albumen in combination with

a peculiar animal matter ; of a yellow, bitter,

alcoholic extractive matter, with lactate of potass

and lime and a watery extractive matter.

In irritation or diseased states of the glands,

the ear-wax is changed in its properties, and is

thrown out in larger quantities than usual, so

that it collects and comes sometimes to fill

completely the auditory passage, and thus give

rise to dulness of hearing.

Fig. 258.

HoriMontal teclion of the audu^ /
,

-ir (dimi-

nished). (From SoemmerringJ.

a. Skin of the face in front of the e»r ; 4. lobttle

of the auricle ; c. the aniitragut ; d. the tragua cat

;

e. aiithelix
; f. helix ; g. anterior part of the oaseoas

auditory pa.<isagc, cut j A, A. anterior part of the

cartilaginous portion of the pa.«tsage. cut ; i. poste-

rior part of the cartilage of the ear ; h. membrana
tympani ; /. section of the mastoid process ; m.
dura mater ; n. skin behind the ear. It is seen

continued over the auricle, and from that into the

auditory pa^isage ; o. first or greater curve of the

auditory passage ; the end of which is directed for-

wards
; />. the second or smaller curve, directed

backwards ; tj. third and smallest curve ; at o. and
p. are seen the orilicea of the ceruminous glands.
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Nerves of the accessory parts of the apparatus

uf hearing.

Nerves of the ti/inpunum.—The tympanum
receives nerves from difl'erent sources—fiom

the fiftli, the seventh, eighth, and ninth pairs of

cerebral nerves. Moreover, its nerves have

communication with the sympathetic system.

The facial nerve or portio dura of the seventli

pair rises from the brain by two roots, which
tinite together in tlie meatus auditorius iuter-

nus, but before uniting, the smaller root sends

otfa delicate filament, which forms a commu-
nication, as has been mentioned, with the au-

ditory nerve. This communication, first pointed

out by Swan, has recently been very fully in-

vestigated by Arnold. According to the latter,

in the middle or at the bottom of the internal

auditory meatus, one or several delicate fila-

ments go off from the smaller branch of the

facial, and join the auditory nerve. After this

the facial nerve enters the aqueduct of Fallo-

pius, and issues from the cranium through the

stylo-masioid hole. In this course it receives,

at the place where it forms the knee-bke bend
into the aqueduct of I'allopius, the superior

branch of the Vidian or superficial petrosal

nerve, ricrvus petrusus superjiciulis, s. 7imjor.

The superficial petrosal nerve comes off,

along with the inferior branch of the Vidian or

deep petrosal nerve, from the posterior part of

the spheno-palatine ganglion or ganglion of

Meckel. Leaving the deep petrosal nerve at

tlie posterior orifice of the Vidian canal, the

superficial petrosal proceeds upwards through

the cartilaginous substance in the foramen lace-

rum medium, and then runs backwards in the

groove on the anterior surface of the petrous

bone leading to the hiatus of Fallopius.

Having entered the latter, it joins the facial

nerve, and forms, with its external fasciculi, a
gangliform swelling, intumescentia ganglijhr-

mis nervij'ucialis, of a grayish appearance and
soft consistence.

From this swelling a filament arises by one
or two roots, and runs backwards into the in-

ternal auditory pa.ssage to join the upper jior-

tion of the auditory nerve, where the first fila-

ment joined, and forms with it a small reddish

gray elevation, known to and delineated by
Scarpa.

Another branch, which arises from the gan-

glionic swelling, is the chorda lympani. The
chorda tympani thus in reality derives its origin

both from the facial and the superficial petrosal

nerves. The chorda tympani accompanies the

facial nerve along the aqueduct of Fallopius

till within a little of the exit of the latter by the

stylo-mastoid hole. The chorda tympani then

leaves the facial nerve at an acute angle, and
proceeds upwards in a proper canal in the

bone, enters the cavity of the tympanum by the

opening just within the posterior part of the

groove for the membrana tympani already de-

scribed. F'rom this opening it proceeds for-

wards between the long process of the incus

and the handle of the malleus, to the fissure of

Glasser, through the canal beside which, already

described, it makes its exit from the cavity of

the tympanum. It then descends by tlie inner

side of the ascending ramus of the lower jaw,

and joins at an acute angle the lingual nerve.

In its passage across the ca\'ity of the tympa-

num, the chorda tympani aniistomoses by one

or several filaments with the nerve which the

fifth pair sends to the membrana tympani.

lig. 2,'-.9.

T)ie membrana tympanifrom within, and the course

of tlie chorda tympani iwross the lywjmnum, together

with the connexions of the malleus arid ittcw) (magid~

Jied), ( From Soemmerriiuj).

a. Membrana tympani ; 6. handle of the mallnis

and tendon of the internus mallei cut near its in-

sertion ', c, c. the chorda tympani.

To return to the facial nerve. It gives off,

a little below the pyramid, a branch to the sta-

pedius muscle.

The pneumogastric nerve, in its passage

through the base of the skull, forms a small

ganglion, from which springs a nerve which

goes to the ear, ramus uuricularis nervi vagi.

This nerve is joined by a filament from the

petrous ganglion of the glosso-])liaryngeal ; it

then runs, according to Arnold, in a groove in

the jugular fossa, and at last arrives at the

aqueduct of Fallopius. Here it divides into

three branches, the smallest of which runs up-

wards in the aqueduct of Fallopius towards

the origin of the facial nerve, and unites with

it; the second branch, which is somewhat
larger, runs downwards, and also anastomoses

with the facial. The third and most considera-

ble branch will be noticed along with the

nerves of the auricle and auditory passage.

The nervous atiustornosis in the ti/mpunum.—
The principal nerve of this anastomosis is the

nerve of Jacobson, or tympanic nerve of Arnold.

The tympanic nerve, nerviis ti/mpanicus, ex-

tends between the petrous ganglion of the glosso-

pharyngeal nerve and the otic ganglion or gan-

glion of Arnold. To follow it from the glosso-

pharyngeal, we find it arises from the upper

part of the petrous ganglion, along with another

filament, which goes to communicate with the

ganglion ccrvicale supremum, and also with the

pneumogastric. The tympanic nerve enters,

by the tympanic canal already described, the

cavity of the tympanum. Here the nerve ap-
pears near the anterior margin of the fenestra

rotunda, traverses tlie groove on the promon-
tory, arrives in front of the vestibular fenestra,

then enters the proper osseous canal, into which
the groove on the promontory is continued su-
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perioriy, and which opens on tlie surface of tlie

petrous bone outside, and in front of llie hiatus

of Fallopius. From this tlie nerve advances
between the anterior margin of the petrous
bone and tlie posterior angle of the great wing
of the sphenoid, between the internal muscle
of the malleus and the superficial petrosal

nerve. There if approaches the nerve of the

intermis mallei, and proceeds pimdlel with it,

and under the name of ncrvm pctroms superji-

citilk minor Arnoldi* goes to join the otic

ganglion.

Tig. 2C0.

Nenom pUnu of the tympanum (from Bretchet.)'^

a. Internal carotid artery ; 6. glosso-pharyngoal
nerve ; c. petrous ganglion of the same nerve

;

d. the principal trunk of the nervous plexus of the
tympanum which extends to join, e. tlic otic gang-
lion or ganglion of Arnold

; /. lower maxillary
nerve to which the ganglion adheres

; g. filaments
of communication between the nerve of Jacobson
and the carotid plexus; A. carotid plexus; i. fila-

ment to the fenestra rotunda, or cochlear fenestra
;

h. filament to the vestibular fenestra ; /. filament
going to anastomose with the facial nerve; m. fila-

ment running alongside ilie Eustachian tube

;

n. portio dura of the seventh pair ; o, cliorda tym-
fiani cut

; p. nervous filament from the otic gang-
ion to the muscle of the malleus.

Tlie branches given off and the communica-
tions formed by the tympanic nerve in the course
described, are the following. On entering the
tym])anum, the tympanic nerve divides into

two branches, a lower and an upper. The
lower branch first gives twigs to the Eustachian
tube, and then passes out of the cavity of the
tympanum into tlie carotid canal, through a

• Bidder (Neurologische Bcobachtungcn. Dor-
pat, 183(),) has recentlv discovered a new ncr\-us
petrosus supcrficialis, which, f,.r the sake of distinc-
tion, he calls tertitu. It proceeds from the plexus
accompanying the middle meningeal artery into the
cavity of the cranium, passes through a proper fis-
sure in the anterior surface of the petrous bone and
under the entrance of the canal of Fallopius into
the petrous bone to join the facial. It is not always
prssent. ^

passage in the bone, where it anastomoses with
the sympathetic nerve. The up|ier branch, the

continualiun of the nerve, gives a twig to the

secondary membrana tympani. According (o

Varrentiapp, there arises from it, by two roots,

a twig which runs on the inner wall of the

cavity of the tympanum, then into the Eusta-
chian tube, the cartilage of which it penetrates

anteriorly, and at last loses itself in the mucous
glands around its guttural orifice. A little

higher up a third branch goes to tlie vestibular

fenestra, and, according to Lauth, the tympanic
nerve receives, immediately on its entrance into

the canal in the upper part of the petrous bone,
a filament from the facial nerve. Moreover,
the tympanic nerve receives a filament of com-
munication from the external branch of the

ntrvus caroticus, the anterior and stronger

branch of the first cervical ganglion of the sym-
pathetic.

From the otic ganglion a nerve goes to the

internal muscle of the malleus, ramus ad ten-

lurem tj/mpimi. It arises from the upper and
posterior part of tlie ganglion, and runs back-
wards on the inner side of the middle menin-
geal artery to the muscle.

2. Nervei of' the auricle and auditory jms-
tage.—The auricle and auditory passage derive
their nerves from tlie cervical plexus, from the
facial, from the third branch of the fiftli pair,

and also from the pneumogastric.

The nerve from the cervical plexus is the
great auricular nerve, nervus auricularis mag-
nu$. It comes off from the anterior branch of
the third cervical nerve, and is distributed

principally to the skin on the back of the
auricle and to the posterior muscles. One
branch passes between the antitragus and the
tail-like process of the helix to the other sur&ce
of the ear and ramifies there.

TheJacial nerve on its exit from the stylo-

mastoid hole gives off the posterior, inferior or
deep auricular nerve, nervus auritularis pot-
terior, profundtis inferior, which receives a
twig from the pneumogastric and another from
the great auricular branch of tlie third cervical
and then divides into two branches, a posterior
larger, and an anterior smaller. The former
gives twigs to the skin of the mastoid process
and the retrahentes auriculam muscles, tlie

latter spreads on the lower and posterior part
of the cartilaginous auditory passage and the
concha, giving twigs to the skin of these parts
and the retrahentes auriculam. It sometimes
sends a branch through the cartilage into the
auditory passage to ramify iu the integument
lining that part.

Tlie temporal branches of the facial nerve
send filaments to the skin of the anterior part
of the auricle, and to its anterior and superior
muscles.

The superficial temporal nerve, a branch of
the posterior and inferior fasciculus of tlie third

division of the fifth pair, gives off two branches,
nervi meatus auditorii extemi, inferior ct supe-
rior, the ramifications of which are distributed

to the integument of the auditory passage and
concha. There is one branch, nervus tympani,
which runs under the upper wall of the osseoti
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auditory passaije to the membrana tympani,

between the layers of wliich it glides and sepa-

rates into very delicate filaments, by one or two
of which it anastomoses witli the chorda tym-

pani. The last branch of the superficial tem-

poral nerve sends filaments to the auricle and
its anterior and superior muscles.

ITie third and most considerable branch of

tlie auricular nerve of the pneumogastric,

ramus auriculurh nervi vagi, gets into the cana-

liculus mustoideus of Arnold, through an open-

ing near the lower aperture of the cutialis c/iordis

tympani. It heie divides into two branches,

one of which joins, as has been said, the pos-

terior auricular branch of the facial nerve; the

other, which is stronger, arrives at the posterior

wall of tlie external auditory passage, gives

filaments to the cerummous glands, and in

company with a branch of the posterior auricu-

lar artery penetrates the cartilage of the ear to

ramify on tlie skin covering its convex surface.

Arteries of the external ear and ti/mpanum.

The posterior auricular artery. This suj>

plies branches which ramify on the convex
surface of the auricle, and also turn over the

helix to s])read out on the other surface. Twigs
are also given off to the auditory passage.

A remarkable branch of the posterior auri-

cular is the slylo-mastoid artery. This enters

the stylo-mastoid hole and runs along the

aqueduct of Fallopius, and ends by anasto-

mosing with a branch of the middle meningeal,

called the Vidian artery, which enters by the

hiatus of Fallopius. In its course the stylo-

mastoid artery transmits twigs to the mastoid
cells, the external auditory passage, the mem-
brana tympani, the stapedius muscle, and the

external semicircular canal.

The twig to the membrana tympani is called

arteria lympanica superior. This artery, toge-

ther with the arteria tympanica inferior from
the internal maxillary, supplies the membrana
tympani. The arteries run round the circum-

ference of the membrane and down along the

handle of the malleus, and branching out form
by their inosculations a fine net-work.

The temporal artery sends branches to the

anterior part of the auricle, the external auditory

passage, and to the ceruminous glands. It also

gives off a branch which enters the tympanum
by the fissure of Glasser, and ramities in the

mucous membrane of the outer wall of that

cavity.

The occipital artery gives twigs to the auricle.

The internal maxillary artery.—This artery

gives off a branch to the joint of the lower jaw,

a twig of which, the arteria tympanica inferior,

just mentioned, passes through the fissure of

Glasser into the tympanum and inosculates on
the membrana tympani with the twigs of the su-

perior tympanic artery of the stylo-mastoid. The
internal maxillary also sends a branch, the deep
auricular artery, arteria uuriculuris profunda,

to the cartilaginous portion of the auditory

passage, where it supplies the lining integu-

ment and glands. It moreover sometimes gives

small branches to the Eustachian tube.

The middle meningeal artery in the first part

of its course gives branches to the Eustachian

tube. In the cranium it sends a branch, arteria

Vidianu, into the Fallopian canal, which has

been already described as anastomosing with
the stylo-mastoid. It also sends branches to

the tympanum, which ramify in the mucous
membrane of that cavity and in the muscles of
the small bones.

The accessory middle meningeal artertj, when
present, gives branches to the Eustachian tube.

The inferior pharyngeal artery also gives

branches to the Eustachian tube, to the pyramid
and cavity of the tym])anum. The Eustachian

tube also receives twigs from the inferior palii-

tine brunch of the factul artery.

The internal carotid, before entering the

cranium, sometimes gives a small twig to the

Eustachian tube and sends another, through a
small passage leading from the carotid canal

into the tympanum, to the promontory.
In some animals, such as the mole, the

squirrel, the guinea-pig, the marmot, &c. there

is an osseous canal like a bar of bone extending

over the vestibular fenestra and running through

between the crura of the stapes. This was
first observed by Sir Anthony Carlisle in the

marmot and guinea-pig, who describes it as
" an osseous bolt to rivet it (the stapes) to its

situation."* The canal is for the passage of an
artery and nerve which in some other animals

are unprovided with an osseous canal in their

course through the stapes. The artery running
through the stapes was observed about ten

years ago by Professor Ottot in hybernaling

animals ; but Professor Ilyrtl of PragueJ has

shewn that the artery is by no means peculiar

to those animals, as it does not occur in all,

and as it occurs in animals which do not hyber-

nate.

Mr. Shrapnell § describes in the human ear

an artery accompanied by a nerve, passing

through the membrane which fills up the space

between the arms of the stapes. Mr. Shrapnell

was led to this observation from what he had
seen in the rat, viz. a nerve and artery passing

tlirough the stapes and supported by a minute
channel of bone. Professor Hyrtl|| has more
recently described three modes of distribution

of the arteries in man, which he has met with,

analogous to the artery running through the

stapes in the animals above mentioned.

The arteries of the external and middle ear

are accompanied by corresponding veins. As
to lymphatics, there are some small glands
behind the auricle and in front of the mastoid
process. The lymphatic vessels of the external

ear accompany the arteries and veins, but prin-

cipally the latter. Little or nothing is known
of the lymphatics of the tympanum.

* On the Physiology of the Stapes in Philosoph.
Trans. 1806, p. 204.

t Nova Acta Acad. Cais. Lcop., torn. xiii.

p. 662.

} Ueber die Analogien dcr durch den Steigbiigel

vcrlaufenden Arterie, &c. in Medicinische Jahr-
biicher dos oirsterreicbischen Staates, Bd. xix.

p. 457, Wicn 1836.

4 On the Nerves of the Ear, in London Medical
Gazette, vol. x. p. 507, 1832.

II
lioc. cit.
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in.
1. Development and irregular cunditUmt of the

organ of hearing.

A. Development and irregular conditiom of
the ear-bulb.—Our knowledge of llie early for-

mation of the ear-bulb is not very precise. This
much we know, that it lias quite a separate

origin from the rest of the apparatus of hearing.

Hence, in the irregular conditions of the organ
depending on defective development, there is

no constant and necessary relation betwixt the

labyrinth and the accessory parts of the ear;

for tlie latter may be imperfect while the former
is in its natural state, and vice versa. In many
cases, however, it lias been found that imper-
fect development of the one attended an irre-

gular condition of the other. The earlier a
part is formed tlie fewer deviations it is subject

to, so a greater number of malformations affect

the accessory parts than the ear-bulb, as the
former are developed subsequent to the latter.

The development of the eai-bulb commences
very early, soon after the ap])earance of the

eye. It takes place by the springing forth of
tlie auditory nerve in the form of a tubular
prolongation of the brain. At its central ex-

tremity the cavity of the cerebral prolongation
is continuous with that of the fourth ventricle.

Its peripheral extremity, which extends into

the muscular layer of the embryo, and particu-

larly into the osseous part of it, forms a vesi-

cular dilatation which is gradually separated
from the brain. To this vesicle of nervous
substance, which is the labyrinth, there grows
inwards a reflection of tlie tegumentary layer to

form the accessory parts of the organ of hearing.

Such is baer's account of the development
of the ear in the chick, lluschke, on the con-
ti-ary, says that the membraneous labyrinth does
not arise from the brain, but is originally a
blind sac of the skin with an excretory duct,
which gradually contracts, until the blind sac

of skin IS completely cut off from the rest of
tlie tegumentary system.

However this may be, the labyrinth, accord-
ing to the observations of Valentin* made on
the emlilryo of the sheep, exists at a very early

period, under the form of a simple elongated
tube with an oblong cavity, which is the ves-

tibule. This cavity becomes broader, assiAnes
a rounder form, and presents in the interior a
somewhat uneven surface. Soon after this, its

inner end is elongated and begins to make a
circular turn, which is tlie first rudiment of the
cochlea. The turns of this cochlear vesicle be-
come gradually more developed. A short time
after the commencement of the development of
the cochlea, the semicircular canals begin to

show themselves as processes or diverticula of
the vestibule. There first appears the posterior
over and behind the vestibular fenestra ; it be-
comes elongated I'loin within and below out-
wards and upwards, then bending in the form
of an arch returns to the vestibule. In a si-

milar manner the superior and inferior semi-
circular canals are formed. The semicircular

• Ilandbuch der Eutwickeloogsgeschichta des
MeoschcD, p. 206.

canals are at first proportionally very wide, but
gradually contract, till at last the ainpuUs pre-

sent the only trace of their former width. The
vestibule itself has diminished in breadth and
length, and acc|Uired a more trapezoidal form.

The vestibular fenestra, which was before not

very distinct and still round, has become more
evident and exhibits an oval shape.

What Valentin here describes is only the

basis of the future osseous labyrinth. There
exist as yet no observations bearing on the mode
of development of the membraneous labyrinth.

The irregular conditions which tlie labyrinth

has been found to present, as well as the struc-

ture permanent in the lower animals, corre-

spond in a remarkable manner with the above-de-

scribed stages of development. Thus in a mon-
strous fcetus, Hyrtl* found, instead ofa vestibule,

cochlea, semicircular canals, and internal mea-
tus, a single very capacious cavity, containing a
membraneous sac, in which the auditory nerve,

sufficiently well developed, terminated. There
was no trace of vestibular or cochlear fenestra,

and the accessory parts of the organ were en-
tirely wanting. Kudererf describes a somewhat
similar case, in which, however, some of the

accessory parts presented themselves, though
in a very rudimentary and imperfect form.

The cochlea has presented itself as a mere
subdivision of the vestibule without any wind-
ings, a state of parts which is permanent in

birds. In other cases, though presenting wind-
ings, these have been found fewer than natural,

and sometimes the spiral lamina has been
wanting or not extending throughout all the
turns of the cochlea, so that no subdivision

into scala or but a very imperfect one pre-

sented itself. The semicircular canals are

sometimes smaller and narrower than usual

;

one or all of them have been found wanting or
but partially present. In the latter case, after

running a short way, they have been observed
stopping short and terminating in a cul-de-sac.

The semicircular canals, as they are formed
later, more frequently present deviations from
the regular structure than the vestibule and
cochlea.

Our knowledge of the ear-bulb in the human
embryo commences at about the third month,
when the membraneous labyrinth is already
very perfectly developed and surrounded by a
cartilaginous shell, having a structure as coin-
pl icated as at a more advanced period the bony
shell presents. The membraneous labyrinth is

at this early period so firm that it is not very

difficult, by means of careful dissection and
manipulation, to extract the whole from its

cartilaginous case.

According to Meckel,J the membraneous la-

byrinth is composed at first of two perfectly

* Beitrage zur pathologischen Anatomie des
Gehororgans. In the Mediciniiichp Jahrbiicher,

des k. k. ocstr. Staates. Wien, 1H36. Bd. x«.
p. 446.

t Descriptio fcetus parasitici. In Commentariis
Soc. reg. Gcetttngcnsis. torn. iv. 1754, pp. 136

—

148.

X Manuel d'Anatomie, etc. traduit par Jourdmn
et Breschet, tome iii. s. 1948—3o Paiis, 1825.
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distinct membranes, the one simply inclosed

witliin the otlier, but not connected ftirtlier.

Tlie inner membrane is thinner but firmer and
more elastic than the outer. The latter, which
does not adhere to the cartilaginous case any

more than it does to the osseous labyrinth

which succeeds it, gradually becomes thin,

until at the seventli month there is no longer

any trace of it. The inner membrane, on the con-

trary, becomes proportionally thicker and firmer.

Meckel has never found the membraneous
labyrinth in a more simple form, nor has he

been able to determine whether it ever exists

naked in the cranium.

At a very early period the pulpy mass of
the auditory nerve becomes converted into

nervous bundles, and grows either by lateral

additions or by an increase of its filaments.

The cochlear part of it, according to Valentin,*

lies free in the tube of the cochlea under the

form of a thick white cord; it follows the turns

of the cochlea, but gives no considerable la-

teral fibrils to the walls of it. As to how the

auditory nei^ve ends in the membraneous laby-

rinth at this period nothing is known.
In an anencephalous foetus described by

Ilyrtljf the cochlea was represented by a ca-

vity, from the base of which, corresponding to

the internal meatus, there rose a pyramid com-
posed of canals and extended to the roof of it.

This pyramid and the canals composing it were
the representative of the axis and its canals for

the transmission of the fibrils of the cochlear

nerve. There was no trace of a turn of the

cochlea nor of a lamina spiralis.

We now enter into a more explored region,

viz. the progress of ossification in the laby-

rinthic shell, and for the knowledge we possess

on the subject we are chiefly indebted to the

late J. F. Meckel.J
The osseous labyrinth is at first merely mem-

braneous; by-and-bye it becomes cartilaginous,

and lastly ossifies. The membraneous laby-

rinth has not been properly distinguished from
it. The former at first lies free in the cavity

of the cranium ; the latter has never been ob-
served in an uncovered state.

The development of the osseous labyrinth is

quite distinct from the formation of the bony
substance of the petrous bone. The latter com-
mences before the former.

Ossification commences in the labyrinth to-

wards the end of the third month round the

fenestra rotunda, first at the upper part, then

at the lower part ; and when a ring of bone has

thus been produced, ossification extends for-

wards. At the same time that the process just

described lakes place, another osseous nucleus,

quite distinct from the preceding, is developed

at the outer extremity of the superior vertical

semicircular canal ; there then appears a third

small scale nearly in the middle of the posterior

vertical semicircular canal. Proceeding from
the first nucleus of bone, ossification makes
rapid progress backwards and downwards

;

• Op. cit. p. 208.

i Op. et loc. cit.

X Op. et loc. cit.

whence the floor of the labyrinth is formed'

The second nucleus enlarges perhaps even

more quickly than the first, so that the whole

superior vertical semicircular canal is soon os-

sified, with the exception of its lower concave

surface. From the inner extremity of this se-

micircular canal ossification extends on the

inner surface of the petrous bone, circum-

scribes the mternal auditory meatus, penetrates

into its interior, and forms the base of the

cochlea. In the fifth month ossification ex-

tends from the two first nuclei to the horizontal

semicircular canal.

In the ossification of the cochlea, that of the

petrous bone hiis but a very small share. All

that the petrous bone contributes is merely a
thin prolongation which it sends between the

turns of the cochlea. This process is at first

broader than at a subsequent period. From
the third month, as the cochlea widens from

without inwards, the process in question be-

comes thinner, and, at the same time, are deve-

loped the less considerable projections which
separate externally the first external turn and a
half of the cochlea from each other.

The ossification of the labyrinth has been
found imperfect; thus Krombholz* relates a
case in which he found the semicircular canals,

as well as both scala: of the cochlea, presenting

the same thinness of walls as is remarked in the

foetus. Some places were merely membraneous.
I have already mentioned that the aqueducts

are sometimes unusually wide, a circumstance

conceivable when we consider the mode in

which most likely they are developed, and
which was spoken of when considering them.
In certain of the lower animals, such as the

pig, they are naturally wide.

At first the osseous labyrinth is quite dis-

tinct from the mass of the petrous bone, in

which it is, as it were, embedded. Its outer

surface is, up to the fifth month, quite smooth;
the corresponding inner surface of the osseous

mass of the petrous bone is smooth also, but
not so much so. Tlie two surfaces are soon

confounded together,although the spongy cellular

structure of the petrous bone can still, even for

some time after birth, be easily enough removed
from around the hard bony substance of the laby-

rinth. Afterwards they become inseparable,

though it is still possible to perceive a trace

of the line of demarcation between them,

especially in the cochlea.

All the above circumstances show that the

osseous labyrinth, though in the petrous bone,

is not of it; and that, as has been already said, it

cannot be affirmed tobelongto the skeleton, but

to be merely embedded in a bone which does.

Moreover as Webert- remarks, the osseous laby-

rinth is not in all animals enclosed in the same
bone of the skull; for in fishes, when a traceof the

osseous labyrinth is yet to be found, the semi-

circular canals, or the rudimentary representa-

tive of them, are situated in the occipital bone.

* Miicke, kurze Uebersicht der gegenwartig be..

stehcnden Lehr-und-Eriiehungsanstalten tUr Taub.*

stumme u. s. w. Prag. 1827, p. 19.

t Hildebrandt's Anatomic. Bd. iv. p. 40.
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B. Development and irregular conditioiu of

the ti/mpaiiuiii and exleniul ear.

1. Of the tympanum and lit content!.

1. T/ii- cavitif of the lympiinum.—A prolon-
gation or diverticulum of tlie mucous mein-
bnu)e of the throat, extending to the periphe-

ral surface of the hibyrinth, and forming, with

its blind end, a dilatation there, gives us the

simplest idea of a tympanum and Eustachian
tube. According to Iluschke'—and his views

are more or less supported by Burdach,f
ll;Uhke,J and Valentin,§—the cavity of the tym-
panum witli the Eustachian tube is a metamor-

f'hosis or remains of the first branchial fissure,

ience, in its origin, the tympanum has nothing
in common with the labyrinth.

Valentin|| found the Eustachian tube and
cavity of the tympanum, in an embryo at the

seventh week, under the form of a conical or

pyramidal fossa. This fossa gradually extends
into a tube, at first short and wide, but after-

wards longer and narrower in proportion as the
cavity of the tympanum becomes developed,
and recedes from the cavity of the mouth.
The Eustachian tube is at first simply membra-
neous. About the middle of pregnancy, ac-

cording to Meckelf and Burdach,** tlie third

montli according to Valentin, it acquires a
cartilaginous investment.

The blind membraneous pouch which repre-

sents the cavity of the tympanum is at first

very small ami contracted, and is to be distin-

guished from the walls of the tympanum, which
it invests. The peripheral surface of tlie laby-

rinth forms, as is known, the inner solid wall

of llie tympanum, and the tympanic ring and
menilirana lympaiii the outer wall. In pro-

portion, therefore, as these parts, and also the
mastoid process are developed, so does the tym-
panic cavity acquire its pro[)er form, and is

more and more willidrawn, both from the cavity

of the mouth and the lateral surface of the
head, with the integument of which it is, at an
early period, in contact.

The prolongation of the mucous membrane
of the pharynx forming the Eustachian tube
and cavity of the tympanum, is at first very
vascular, soft, and loose, like the mucous mem-
brane of the nasal and guttural cavities ; but
after birth it loses its vascularity, and assumes
a more simple character. United by loose
cellular tissue to the subjacent osseous" wall, it

applies itself over all the elevations, and dips
into the dejiressions of it, and moreover forms
folds in which the ossicles are enveloped. Tlie

cavity of the tympanum is in the foetus filled

with a mucus, sometimes transparent, some-

• I»i» von Okcn, Jahrg. 1827, p. 401 ; Jahrg.
l«28p. 161; Jahrg. 1831, p. 951 ; and McckcPs
Archiv flir Anatoniie und Physiologic, 1832, p.
40.

t Die Physiologic als Erfahrungswisscnschaft.
Bd. ii. p. 465.

X Anal, pliysiol. Untcrsuchungen iiberden Kiem-
cnapparat und das Zungenbcin, 1832, p. 120.

$ Handbiich dcr Kniwickelungsgcschichte dcs
Menschcn, p. 211.

II L. c. p. 211 and 212.

f Manncl d'Anatomie, &c. torn. iii. ». 1948, p.
197.

*

"Op. cit. Bd. ii.p.465.

times bloody, and varying from the consistence

of water to that of atliick jelly.

The cavity of the tympanum has been found

sometimes unusually contracted ; sometimes,

on the contrary, very much dilated. Non-de-

velopment of the Eustachian tube would be

necessarily attended by non-development of the

tympanum, but. not contrariwise. Absence

of the Eustachian tube and cavity of the tym-
panum has only been found in fcetuses, in other

respects monstrous.

in describing the development of the osse-

ous labyrinth, it has been already mentioned

that its peripheral surface, which forms the

inner solid wall of the tympanum, begins to

be ossified towards the end of the third month.

An ossific point first appears on the promontory

at tlie circumference ofthe cochlear fenestra, and
gradually extends upwards, downwards, for-

wards and backwards. At this time there

is no trace of mastoid process. In the fourth

month the sinuositas mastoidea begins to ap-

pear, and the cavity of the tympanum be-

comes somewhat wider. The aqueduct of Fal-

lopius is not yet ossified, not the canals for the

muscles of the stapes and malleus, a state of

parts found permanent in most of the lowermam-
mifera, and also fi-equently met with in the irre-

gular conditions of the ear in man. When the

cochlea is arrested in its developement, the pro»

montory is small in proportion or entirely

wanting.

In the fifth month the aqueduct of Fallopius

and the canals for tlie muscles of the stapes and
malleus are ossified. In this month, also, the

vestibular fenestra is found completely formed,

and appears proportionally larger than in the

adult. In the sixth month, the temporal bone
being altogetlier more developed, and the mas-
toid process having begun to appear, the cavity

of the tympanum increases in capacity, espe-

cially its upper part, and the sinuositas mas-
toidea. The direction and situation of the

cochlear fenestra vary much at the different

periods of formation, which is owing chiefly to

the degree of development of the promontory.

The vestibular and cochlear fenestra are

sometimes found unusually small, or even en-
tirely wanting, the latter being obliterated by
an extension of osseous substance, the former

by the same cause, or by anchylosis of the

base of the stapes. The cochlear fenestra some-
times appears to open into the vestibule, but this

is when the cochlea is in a very rudimentary

state. Such a condition may be compared with

the state of parts found in the bird's ear.

Little or nothing is known of the origin and
development of the membrana tympani. It

may be looked upon as the persistence of that

septum which exists at an early period at

the opening of all mucous canals, and which
is produced by the meeting of the indentation

inwards of the skin with the diveiticulum of
the mucous cavity of the blastoderma. The
membrana tympani is larger in proportion, and
more vascular the younger the foetus is. The
form, situation, and direction of it in the foetus

is dependent on the tympanic ring, and is quite

different from what is found in the adult. In
regard to form, it is rounder. A^ to situation
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the osseous portion of the auditory passage

not being; yet developed, the meinbrana tympani

is found at first closer to the surface than after-

wards; and its direction is oblique from above

downwards, and from without inwards, so that

it has a more or less horizontal position, corres-

ponding to the base of the cranium.

More is known of the origin and develop-

ment of the tympanic ring in which the mem-
brana tympani is framed. It appears later

than the membrana tympani and the ossicles.

A specimen of the tympanic rmg before me,

which was removed from an embryo at about

the third month, is an incomplete ring of bone

about one-tenth of an inch in diameter. It is

about the thickness of a hair, except at its

anterior extremity, which is broad and flat like

a spatula, for the extent of about one-twelfth

of an inch. The groove for the membrana
tympani can be perceived with a magnifying

glass. From the fifth month the tympanic ring

is found more or less adherent to the rest of

the temporal bone. In the lower Mammifera
there are three parts developed from the tym-
panic ring, viz. 1, the groove for the mem-
brana tympani, 2, the bulla ossea, and 3, the

osseous part of the auditory passage. In

birds the tympanic ring is represented by the

OS quudrutum. In man there is no bulla ossea,

only the groove for the membrana tympani and
the osseous part of the auditory passage. The
side of the tympanic ring external to the groove

shoots out to form the osseous part of the

external auditory passage, but so slowly that

from the second to the sixth or seventh year,

the lower surface of the auditory passage is

still cartilaginous, although the outer orifice to

which the cartilaginous part of the auditory

passage is fixed is already ossified. About the

twelfth year the passage is closed in by bone,

and becomes quite complete towards manhood.
The inner surface of the ring grows a little

at the lower part, and helps, together with a

process which extends from the petrous bone,

to form the lower wall of the tympanic cavity.

It is to be remarked that this inner part of the

tympanic ring always remains distinct and is

never changed so much as the external.

Fig. 261.

The tympanic ring, and the membrana tympani framed
into it. The handle of the malleui is seen shining

through t/te membrane.

The whole outer wall of the cavity of the

tympanum has been found wanting in a mon-
strous foetus. Hyrtl, who mentions the case,

says that tlie cavity of the tympanum itself

was represented only by a very shallow depres-

sion in the petrous bone, in which the skin of

the auditory passage formed a cul-de-sac. The
Eustachian tube was present. Hyrtl mentions

another case in which the tympanic ring was
much smaller than usual, and in which the

membrana tympani presented in the direction

of one of Its radii, a large opening as if a
piece had been cut out. The so-called hiatus

liiviniunus ought, perhaps, to be looked upon,

as Huschke observes, as a defect in original

formation. The membrana tympani has been

sometimes found congenitally too large, some-
times too small, sometimes of an elongated

form, sometimes of a triangular form. A
thickening and parchment appearance of the

membrane, or ossification of it to a greater or

less extent, if not always, appears to be more
usually an acquired malformation.

2. The small bones of the li/mpunum.—^The

small bones are formed at a very early period.

The malleus and incus appear before the

stapes. The two former, according to Ralhke
and Valentin, appear like a small wart growing

out from the posterior wall of the tympanum.
The stapes is like a growth from the outer sur-

face of the labyrinth ; it appears as a small

pyramidal wart flattened on tlie sides and thin

in the middle, lying, according to Rathke, in

a small funnel-like depression, the bottom of

which is the future vestibular fenestra.

According to Weber* the ossicles are not

developed in the cavity of the mucous mem-
brane of the tympanic cavity, but in a sac

which is a continuation of the dura mater, and
comes through a fissure between the petrous

bone and the squamous portion of the tem-
poral into the tympanic cavity. This situation

of the ossicles at an early period corresponds

with that of those discovered by Weber in the

fishes already mentioned. By this mode of

development, as f.ir as regards situation,
j

may be explained the dislocated state of the J
ossicles so frequently found in the irregular

conditions of the ear.

According to Meckel,t the ossicles are at

the commencement of the third month pro-

portionally very large, though still cartilaginous,

and the stapes not to be distinguished from the

incus. Thus, for example, the length of the

malleus in a fcetus of the fourth month amounts
to three lines, whilst the length of the body
from the vertex to the coccyx measures four

inches, hence the lenght of the malleus is to

that of the trunk as one to sixteen ; whereas
in the adult the proportion is only as one to

ninety, the malleus being four lines long, and
the distance between the vertex and the coccyx

amounting to two-and-a-half feet. At birth

the ossicles are as large as in the adult.

Ossification of the small bones commences,
according toBurdach,J about the twelfth week.

Rathke and Valentin agree with Meckel, that

ossification begins first and at the same time in

the malleus and incus, and only afterwards in

the stapes. In the malleus the first point of
bone appears on the head, a second at the root

• Hildebrandt's Anatomic, Band. iv. p. 39.

t Op. cit. torn. iii. p. 197. s. 1948.

% Op. cit. Band. ii. p. 384.
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of thp long process. In llie incus the first

point of ossitication occun> in the longer crus

near the body, and from this point it extends

during tlie fuurlii and fifth months, so far that

tlie whole is ossified with tlie exception of the

point of the short process. The long crus

jVIeckel always found completely ossified,

whilst the short crus was still cartilaginous.

The stapes is still cartilajjinous when ossi-

fication has made considerable progress in the

other two bones. According to Meckel ossi-

fication does not comtnencc at any determinate

point of the stapes ; only he never observed it

first on the head. According to Hathke there

are three particular nuclei, one for each of the

sides of the triangle which the stapes repre-

sents.

The opening between the crura of the stapes

is at first very inconsiderable,—a condition

analogous to what is found permanent in the

Cetacea, &c.
The ossicles are not unfrequenlly irregular

in their form, size, and situation. They may
even be wanting. Tlie sta|)es, as it is the last

formed, presents the most numerous and most
varied malformations ; the malleus the fewest.

The stapes h.is been found, by Tiedemann,
as it is at first, like a pyramid without any
oi)ening ; again, it has been found with but a

very small 0|jening, or presenting indeed the

crura, but the space between them filled up
by a thin plate of bone. Only one crus has

been found rising from the middle of the base

in the form of a slender pedicle of bone as in

the bird, and presenting no trace of an articular

cavity for the reception of the lenticular pro-

cess of the incus, &c.

A remarkable circumstance connected with
the early formation of the malleus is the

existence, as Meckel* first obsened, of a
straight cartilaginous process, having the

shape of a very elongated cone, which ex-

tends from the anterior part of the head
of the malleus to the place where the two
halves of the lower jaw unite in front. The
cartilaginous process passes out of the cavity

of the tympanum between the petrous bone
and tympanic ring. This process, though
having much the same situation, must not be
confounded with the processus gracilis. Tlie

former lies above the latter, and both parts are

quite distinct from each other. Moreover the

cartilaginous process never ossifies, but dis-

appears in the eighth month. Iluschkef has

discovered a similar process extendmg be-
tween the short crus of the incus and the supe-
rior horn of the hyoid bone through the me-
dium of the styloid process.

' Op. cil. torn. iii. p. 199. ». 1948. See also

Huschke Bcitrajjc zur Physiologic und Nalur-
zescliichte, p. 48. Taf. li. Fir. I. Isis von Okcn,
1833. Heft. vii. p. 678. Scrrcs, Annates des
Sciinccs Natiirelles, 1827, p. 112. Weber, Hildc-
brandl'a Anatomic, 4ie. .Ausgabc. Dand. iv. p. 47.

Rathke, op. cil. p. 122, and Valcniia, op. cit.

p. 214.

t Isis TOQ Oken, loc. cit. and Talentio, op, el

loc. cit.

The most interesting irregular formation of

tiie malleus is what appears to be connected

in some manner with the above described early

condition of the malleus and incus. Such
cases are related by Uyrtl,* lleusinger,f and
Ilesselbach.J

2. (>/ the external air.—The external ear

soon disappears in the animal series. It is

the last part of the apparatus of hearing

which makes its appearance in the human
embryo. It is very subject to irregular deve-

lopment. It is only about the middle of the

second month that a trace of it can be ob-

served. It is at first merely a slight elevation

of the skin, broad above, narrow below. In
the middle of this elevation is a longitudinal

fissure of the Siime form, which is narrower

and at the same time deeper from above
downwards. The prominence soon becomes
more elevated and tninner at its posterior part,

and projects above the surface of the side

of the head, from which circumstance the

middle depression is a little exposed. At the

same time or soon afler, the anterior part of
the prominence is found divided into two
halves by a transverse fissure running forwards;

the inferior half is the antitragus, and the supe-
rior the commencement of the helix. At the

same time this anterior part of the external ear

rises also, and the posterior spreads more out.

In the third month the anthelix and tragus are

developed ; the concha is not yet perfectly dis-

tinct; it is only indicated by the middle de-
pression. In the fourth and fifth month the

hollow of the concha appears, and is completely
formed in the sixth. The lobule is the last part

which presents itself.

The cartilage begins to be formed in the

third month, but is developed slowly. To-
wards the end of pregnancy, though thicker,

harder, and firmer, it is still incomplete.

Tlie cartilaginous portion of the auditory

passage as well as the auricle is at first pro-

portionally much smaller than after%vards. The
skin lining the auditory passage is softer and
thicker than in the adult, and is covered with
a thickly set down. In the fcetus the auditory

passage is rounder, straighter, and shorter than
in the adult.

The auricles may not be formed at all, or

their development may be so arrested that they

shall be represented merely by unshapely folds

of skin with or without cartilage, or they may
deviate more or less from their usual form,

size, and situation. Imperfect formation of
the auricle is frequently accompanied by ab-

sence or closure of the auditory passage. Pro-
fessor Samuel Cooper mentions the case

of a child in which there was not the slightest

trace either of external ear or auditory passage,

* Op. et loc. cit.

t Specimen mala: conformationis organnrum
auditus humani rarissimiim et meinoratu 4lignis-

siiiiiira, cum tribus tabulis itri iacisis. Jenae,
1824.

J
Beschreibunjj der pathologischen Hraparalc,

welcbe in der kbniglichcn analomtsclien An<italt

zu WUrzburg aufbcwahit werdtn. Gie»sen, 1824.

5 V
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Sometimes, however, the auditory passage has

been found regular though the auricles were

wanting.

The auditory passage is sometimes found too

wide, sometimes too narrow, sometimes too

short. Closure of the auditory passage may
be either partial or through its whole extent.

It is more rarely the tfl'ect of disease than of

irregular primitive formation. I'artial closure

may he by an extension of the skin over the

mouth of the passage. Authors mention cases

of a membraneous septum sometimes deep in

the auditory passage and before the membrana
tympani, sometimes nearer the entrance of the

passage.

In monstrous foetuses all the accessory parts

of the apparatus of hearing together have been

found wanting.

II. PARALLEL BETWEEN THE EAR AND
THE r.YE.

A parallel has often been drawn betwixt the

ear and the eye. Breschet, in his memoir,

already so often cited in tlie course of this

article, compares the perilymph to the aqueous

humour, the endolymph to the vitreous hu-

mour, and the calcareous concretions to the

crystalline body.

The comparison which I should institute

between the component parts of the ear and

tlie eye is the following :

—

The osseous labyrinth may be compared to

the sclerotica, and the fenestra rotunda, or coch-

lear fenestra, to the cornea.

To find a part in the eye analogous to the

vestibular fenestra, we must first consider that

the latter is a yielding part of the otherwise

solid wall of the labyrinth ; that through the

medium of it, the chain of small bones and

their muscles in the tympanum exercise on the

soft piirts contained in the labyrinthic cavity,

a certain degree of tension or compression

fitted probably to accommodate in some man-
ner the ear to the perception of different

degrees of sound. In the case of the eye,

the sclerotica,which corresponds to the osseous

labyrinth, is thinner and more yielding at the

middle of i*3 circumference, (remarkably so in

the Greenland seal). From this it has been

supposed that the action of the muscles of the

eye-ball might by their compression produce

a change of shape fitted to accommodate the

eye to distances. Hence the vestibular fenestra

and middle thin part of die sclerotica might

be compared to each other in as far as regards

the function which each performs in the eco-

nomy of its own organ, llowever this may be,

the vestibular fenestra of the ear and the thin

part of the sclerotica correspond to each other

as far as can be in relative position ; and if we
admit the action just mentioned of the muscles

upon the eye-ball, we ha\e, as I shall imme-
diately show, dieir counterparts in the muscles

of the small bones of the tympanum.
The tympanic scala of the cochlea may be

compared to the anterior chamber of the

aqueous humour, and the vestibular scala to

the posterior chamber.

The spiral lamina, considering its vascu-

larity and richness in nerves, and its forming

a partition between two chambers containing

an aqueous humour, may, as 1 have already

said in a former part of this article, be con-

sidered the counterpart of the iris, and the

helicotrcma that of the pupil.

The membrane lining the labyrinthic cavity

bears the same relation to the latter as the

aruchnoidcu oculi* does to the sclerotica. The
space filled with perilymph, between the osse-

ous and membraneous labyrinth, may be con-

sidered analogous to dial between the sclerotica

and choroid. It however communicates with

the scala.' of the cochlea, the parts analogous

to the chambers of the aqueous humour, be-

cause there is nothing in the ear to be com-
pared to the ciliary ligament.

Forming the membraneous labyrinth we find,

1. a delicate cellular tissue supporting the

blanches of the bloodvessels, and which is

sometimes found containing black pigment

;

2. a firm transparent membraneous coat, within

which, 3. is a nervous expansion ; 4. the endo-

lymph; 5. suspended in the latter die mass of

calcareous matter. The cellulo-vascular layer

containing pigment, together with the rest of

the walls of die membraneous labyrindi, may
be compared to the choroid coat of the eye,

the nervous expansion to die retina, the endo-

lymph to the vitreous humour, and the calca-

reous mass to the lens.

In the lower animals the cochlea is the first

part of the ear-bulb to disappear; in regard lo

the eye-ball, the aqueous chambers to which

I have compared the sealse of the cochlea, are

in like manner die first parts which in the de-

preciation of die structure of the eye, in the

animal series, disappear, e. g. the eye of die

Cephalopodous MoUusca.
Is the cochlear nerve the same in function

with the vestibular? The vestibular nerve is

the special nerve of hearing; but does not the

cochlear nerve perform some function in the

economy of the ear analogous to what the

ciliary nerves perform in diat of die eye ?

If an example is required in which the optic

nervous filaments enter the eye separately as

do the nervous filaments of the ear-bulb, it is

to be found in the Cephalopodous Mol-
lusca.f

As in front of the eyeball diere is, or rather

would be, if it was net diat the eyelids are

constantly in contact with the eyeball, a space

lined hy a mucous membrane, die conjunctiva,

so at the peripheral surface of the ear-bulb,

there is a sjiace, the ti/mpunic caviti/, lined by
a mucous membrane also. Moreover, as there

is a passage into the nose fiom the space

bounded by the conjunctiva, so does the tym-

• See mv figure and description of a horizontal

section of the human eye, in Mackenzie's Practical

Treatise on Diseases of the Eye. Second Edition.

London, 1835,

t .See a paper " On the Retina of the Cuttle-

fish," iu tlie London and Edinburgh Philosophical

Magazine for January, 1836.
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panic cavity communicate with llie tiiroat by
the Kustucliian tube. In llie tympanic cavity

there is a chain of small bones, articulated to

each other and moved by muscles, which
serves to produce some change in tlie state of

tension of the soft parts of the ear-bulb ; in

the conjunctival space there is nothin;:r analo-

gous, althougli, without pushing llie point too

far, we might comj»are the muscles of the eye-

ball with those of the ossicles of the tym-
panun), both being equally, in fact, outside

their respective mucous membranes. In re-

gard to the ossicles I would remark that,

according to the views of Weber,* they must
be reckoned among those which do not belong

to the skeleton, and which are of very incon-

stant occurrence. Such are the bone of the

penis in many aninmis, the teeth, the ring of'

honj/ plates round thej'ront of' the sclerotica of'

the bird's fyc, S^c.

A part in the composition of tlie appendages

of the eye analogous to the membrana lym-
pani is only to be conceived by sui)|>osing the

existence of a mediate anchtflobUpharon^ tliat

is, an irregular membrane stretched between
the edges of the eyelids, uniting them toge-

ther and closing in the space lined by the con-

junctiva, which space would now communi-
cate with the exterior, only by the lachrymal

canalicules and nasal duct, in the same way
that the tympanic ca^ty communicates with

the exterior only by the Eustachian tube. A
congenital fissure or total absence of the mem-
brana tympani is an irregularity of structure

in the ear, which may be compared to what is

regular in the eye. A mind accustomed to

trace analogies will perceive a resemblance :

—

to the external auditory passage in that short

space at the opening of the eyelids extending

from the inner edge of the tarsal margin to the

outer; to the ceruminous glands in the Mei-
bomian follicles; and to the hairs at the en-

trance of the auditory passage in the eyelashes.

The auricle, if it is necessary to look for a part

corres|>onding to it, may be placed in the same
category with the eyebrows.
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HEARING (in Physiology,) axuUtion ; Lat.

miditns ; Fr. raudifion, sens de l\mie ; Germ.
das Gchor, Gthoninn.—Of all the senses, that

of hearing is the most valuable to man in his

social condition, for without it all interchange

of ideas through the medium of a spoken
language would be impossible. To it indeed,

as a distinguished metaphysician has remarked,
we are indirectly indebted for the use of verbal

lanijuage. By the sense of hearing men and
animals take cognizance of sounds and distin-

guish their varieties, the almost innumerable
multitude of which may well excite our admi-
ration of the sense. " Who,*' sa\s the excel-

lent Derham, " who but an intelligent Heing,
what less than an omnipotent and infinitely

wise God, could contrive and make such a fine

body, such a medium, so susceptible of every

impression that the sense of hearing lialh occasion
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for, to empovrer all animals to express their

Sense and meaning to otliei's ; to make known
their fears, their wants, their pains and sorrows

in mehmehohck tones; their joys and pleasures

in more liarnionious notes; to send their minds
at great distances in a short time in loud
l)oations ; or to express their thoughts near at

hand with a gentle voice or in secret whispers.

And to say no more, who less than the same
most wise and indulgent Creator could form
such an oeconomy as that of melody and miisick

is ; that the medium should, as I said, so

reatlily receive every impression of sound, and
convey the melodious vibration of every musi-
cal string, the harmonious pulses of every

animal voice, and of every musical pipe; and
the ear be as well adapted and ready to receive

all these impressions as the medium to convey
them. And lastly, that by means of the curious

lodi;inent and inosculation of the auditory

nerves, the orgasms of the spirits should be
allayed and (perturbations of the mind in a great

mea.sure quieted and stilled ; or to express it

in the words of the last-cited famous author
(Willis), ' that rausick should not only affect

the fancy with delight, but also give relief to

the grief and sadness of the heart
;
yea, appease

all those turbulent passions which are excited

in the breast by an immoderate ferment and
fluctuation of the blood.'

"

PrcUminary observutiims on tnund.*—Sound
is the result of an impulse of any kind con-
veyed by the air to our ears. ITie analysis

of what lakes place on llie production of various

familiar sovmds or noises abundantly explains
this. Jf the ear be applied to one extremity of
a long beam of timber and a person tap with
his finger on the other, the impulse is distinctly

perceived by the impression of sound which is

conveyed. A fine probe introduced carefully

through the meatus externus, and made to

impinge upon the membrana tympani, however
gently, will occasion the sensation of sound.
To produce the sensation, then, of sound, an im-
pulse is necessary either of some solid directly

upon the membrane of the tympanum itself, or
of the air which is always in contact with that

membrane. The body by which the sound is

produced, denominated by Professor Wheat-
stone f a phunic, occasions in the surrounding
air vibrations or oscillations, corresponding in

number and extent to tliose which exist in

itself; and these vibrations or oscillations being
propagated to the organ of hearing, give rise to

tlie sensation. This agitation of the air sur-
rounding the body from whence the sound
emanates is manifest in numerous instances ;

—

the report of a cannon, the rushing of waters, the
rattling of carriages, which in the crowded tho-
roughfares of London communicate their vibra-
tions to the walls and floors of the houses and
even to the furniture. In the familiar instance

• It will be perceived that in the eiuuing obser-
vations the writer has borrowed largely from Sir
John Hcrsrhel's admirable essay on sound in the
Encyclop.Tdia Mi>lropolilana. He has also to
ackuowU'dge his obligations to the article on Acous-
tics in Pouillct's Klomcns dc Physique.

t Annals of I'liilosophy, new series, vol. vi.

of eliciting sound from a finger-glass partly full

of water by rubbing the wetted finger round lU
brim, the vibrations which this friction excites

in the glass are rendered evident by the crispa-

tions produced in the water immediately in

contact with it. The vibration of the water, as

indicated by these crispations, corresjxjiids with

that of the glass—the greater the intensity of

the sound elicited, the more considerable are

the vibrations in the glass, and consetpiently

the more manifest are those of the water, and
vice versA. " In musical sounds we may also

observe an agitation which is often fell commu-
nicating itself to the surrounding bodies. If,

for example, we stand under or near a piano-

forte when it is sounding, we feel a sensible

tremor in the floor of the apartment. If we
lay the finger or hand on the instrument or

touch any other, such as a violin when it is

sounding, or a bell, we feel the same sort of
tremor in every part of them ; and this is well

observed in the case of any glass vessel, such
as a tumbler or large cup. If we strike it so

as to make it sound, and then touch the mouth
of it with the finger, we feel a sensible tremor
in the glass ; and when this internal agitation

is stopped, as it generally is by the contact

with the finger, then tlie sound ceases along

with it."*

The disturbance produced in the air by a
sounding body has been from a very early

period illustrated by a reference to the waves
formed in still water by a stone falling into it.

" Voice," says Vitruvius, " is breath flowing

and made sensible to the hearing by striking

the air. It moves in infinite circumferences of
circles, as when, by throwing a stone into still

water, you produce innumerable circles of

waves, increasing from the centre and spread-

ing outwards, till the boundary of the space or

some obstacle prevents their outlines from going
further. In the same manner the voice makes
its motions in circles. Hut in water the circles

move breadthways upon a level plane; the

voice proceeds in breadth, and also successively

ascends in height."t That the pre.sence of air is

necessary for the production of sound is proved
by the experiment first tried by liauksbeej and
rei>eated by Biot. A bell was made to ring in

the receiver of an air-pump, and in jiroportion

as the air was exhausted it was found that the

sound died away, and it again returned as the

air was re-admitted. On the other hand, the

hell sounded more strongly when the air within

the receiver was condensed, and the greater the

condensation of tlie air, the louder was the

sound.

Any irregular impulse communicated to the

air produces a noise, in contradistinction to

a musical sound. This latter results from a
succession of impulses, which occur at ex-

actly equal intervals of time, and which are

exactly similar in duration and intensity.

When these impulses succeed each other with

great rapidity, the sound appears continuous,

• Encyrl. Brilann. art. Acoustics,

t Vitruvius de Arch. v. 3, quoted in Whewell'f
History of the Inductive Sciences.

} Phil. Trans. 1705.
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in conscciuencp of the duration of tlie impres-

Bion upon the auditory nerve. The frequency

of repetition necessary for tlie production of a
continued sound from single impulses is,

according to Sir J. llerschel, probably not less

than sixteen limes in a second, though the

limit would appear to differ in different ears.

We distinguish in musical sounds, 1, the

pitch ; 2, the intensiti/ or loudness ; ,'J, the

quulity. The pitch of the sound depends on
the rapidity with which the vibrations succeed

each other, and any two sounds produced by
the same number of vibrations or impulses in

the same time are said to be hi tinison. Hie
loudness or intensity depends upon the violence

and extent of the iirimilive impulse. Thequality

is supposed by Sir J. llerschel to depend on the

greater or less abruptness of the impulses, or

generally, on the law which regulates the excur-

sions of the molecules of air originally set in

motion.

Sound may be communicated by air, aeri-

form fluids, liquids or solids, with variable

degrees of velocity. In air at the temperature

of 62° Falir. sound travels at the rate of 1125
feet in a second, or 1090 feet in a second in

dry air at the freezing temperature.

The velocity with which sound travels is,

however, quite independent of its intensity or

its tone ; sounds of all pitches and of every

quality travel with equal speed, as is proved
by the fact that distance cloes not destroy the

harmony of a rapid piece of music played by
a band. If notes of a different pitch travelled

with different velocities, they would not reach

the ear in the order in which they were played.

Moreover, Ciot put it to the test of direct ex-

periment; he caused several tunes to be played
on a flute at the end of a pipe 3120 feet long,

and found that they could be distinctly heard
without the slightest derangement.

Neither is the velocity of sound affected by
an increase of density in the air. It is, how-
ever, greater in warm than in cold air in conse-

quence of the greater elasticity of die former.

In the difl'erent gases much variety has been
observed in the velocity of sound ; through car-

bonic gas the rate of the velocity is said to be
one-third slower than ordinary, but through hy-
drogen gas, which is twelve limes more elastic

than common air, the speed exceeds the usual
rate three and a half times. A more striking

difference is as regards the intensity of sound
or the impression it is capable of producing on
our organs of iiearing. This varies conside-

rably with the increase or diminution in the

density of the transmitting gas. Hy means of

a piece of clock-work, which caused a ham-
mer to strike at regular intervals, the conduct-
ing power of the gas could be estimated, the

clock-work being placed in a glass receiver filled

with the gas. It was thus that I'riestley ascer-

tained that in hydrogen the sound was scarcely

louder thim in vacuo; in carbonic acid and in

oxygen it was somewhat louder than in air.

Water can transmit sound, as the anatomist
would infer must be the case from the fact

that fishes are provided with distinct and highly

developed organs of hearing. Ilauksbee, An-

deron, the AbW NoUet, and Franklin have
abundantly proved this by their exiwrimcnts.
M. CoUadon, by means of a tin cyhnder three

yards long and eight inches in diameter, closed

at its lower end but open to the air above,

plunged vertically in the water, wiis enabled to

hear the sound of a bell at a distance of about
nine miles, and from numerous observations

he concluded that the velocity of sound in

water at about 46° Fahr. was equal to 4703
feet in the second.

Solids convey sound as well as or even
better than air or liquids. Elasticity and ho-

mogeneousness are the qualities which best

adapt solids for the conveyance of sound

:

hard substances, then, which are the most
elastic, conduct sound best. An interesting

experiment of Ilassenfratz and Gay Lussac, in

the quarries of Paris, affords a striking contrast

of the relative conducting powers of air and
solids. A blow of a hammer against the rock

produced two sounds which sejjarated in their

progress ; that propagated through the stone

arrived almost instantly, while the sound con-
veyed by the air lagged behind. A more re-

markable experiment was that of Herhold and
Rahn, related by Chladni:— a metallic wire

600 feet long was stretched horizontally, and
at one end a plate of sonorous metal was
attached ; when the plate was slightly struck,

a person at the opposite end, holding the wire

in his teeth, heard at every blow two distinct

sounds, the first transmitted almost simulta-

neously by the metal, tlie other arriving later

through tlie air. liiot, with the assistance of

Messrs. Boulard and Malus, concluded the

velocity of sound in cast iron at the tempera-
ture 51° Fah. to be 11,090 feet in a second.

Reflexion of soimd.-—Sonorous undulations
in passing from one medium to another always
experience a partial reflexion, and when they

encounter a fixetl obstacle, they are wholly
reflected ; and in both cases the angle of in-

cidence is, as in the reflexion of light, equal to

the angle of reflexion.

Echos are sounds reflected from some ob-
stacle which is placed in their way, as the wall
of a house, or those of an apartment, or the

surface of a rock, or the vaulted roof of a
church, &c. ; and a sound thus reflected may,
by meeting anoUier similar obstacle, be again
reflected, and thus the echo may be repeated
many times in succession, becoming, however,
fainter at each repetition till it dies away alto-

gether. The phenomena of echos illustrate

beautifully the analogy between sound and
light. Thus, the reflexion of sound from con-
cave and convex surfaces takes place exactly as

in the case of light : if a reflecting surface be
concave towards an autlitor, the sounds re-

flected from its several points will converge

towards him, exactly as reflected rays of light

do; and he will receive a sound more intense

than if the surface were plane, and the more
so the nearer it approaches to a sphere con-
centric with himself; the contrary is the case

if the eclioing surface be convex. If the

echo of a sound excited at one station be
required to be heard most intensely at another,
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the two stations ouglit to be conjugate Jwi of

the rtliecting surface, i. e. sucli that if the

reHetling surface were polished, rays of light

diverging from one would be made after re-

flexion to converge to the other. Hence, if a
vault be in the form of a hollow ellipsoid of

revolution, and a speaker be pl.iced in one
focus, his words will be heard by an auditor in

the other, as if his ears were close to the other's

lips. The same will hold good if the vault be

composed of twosegments of paraboloids having

a common axis, and tlieir concavities turned

towards each other; only in this case sounds

excited in the focus of one segment will be

collected in the focus of the other after two
reflexions.

The most favourable circumstances for the

production of a distinct echo from plane sur-

faces is when the aud itor is placed between two
such exactly half-way. In this situation the

sounds reverberated from both will reach him
at the same instant, and reinforce each other

:

if nearer to one surface than the other, the one
will reach him sooner than the other, and the

echo will be double and confused.*

VV'e propose to enquire the part which each
portion of the complex auditory apparatus of

man performs in the function of hearing.

I. Of the internal ear.— Tlie fact that a

part, answering precisely to the vestibule, is to

be met with in every class of animals in whom
an auditory apparatus can be detected, aflbrds

a strong presumption that this portion of the

labyrnith is the essential pan of the organ.

Here is the seat of the principal exjiansion of

the auditory nerve upon the saccule and
common sinus, which floating in the perilymph

communicate, through the medium of that fluid,

with the membrane of tjie fenestra ovalis, and
consequently with the air contained in the tym-
J)anum. Any vibrations or oscillations then

excited in the membrane of tl>e fenestra ovalis,

cannot fail to aflect the perilymph to a pro])or-

tional extent, and through it the membranous
vestibule. In the simple ear of Crustaceans

as well as that of Cephalopods and the lowest

Cyclostomous fishes, the sonorous impressions

are conveyed directly to the vestibular cavity

through the solid material in which that cavity

is formed, or, as in some Crustaceans, through
the vibration of an external membrane.

In the higher organized fishes, too, the

labyrinth constitutes the whole of tlie auditory

apparatus, nor has it any kind of opening to or

communication with the external air, being
lodged in the walls or cavity of the cranium,
the sonorous impressions must be conveyed
through the solid cranial parietes; for, in truth,

there is no other mode in which they can be
conveyed, and we know that solids are even
better conductors of sound than either liquids
or atrial fluids.f

As to the function performed by the otolithes,

' Hcrschel, Encycl. Mctrop.

t Hunter, Monro, Wcbcr, and Treviranus, how-
ever, describe a commiinication wilh the exterior in
Rays and the Shark by two long canals ; but Scarpa,
Bell, and Illainviilc positively deny that these
duels perform the oflicc of auditory canals.

or the calcareous dust, otokoniet, which are

found in the sjicculus veslibuli of the ears of

Cephalopods and Fishes, no satisfactory theory

has as yet been offered by any physiologist.

Although it is now admitted tliat similar cal-

careous particles exist in the vestibules of all

vertebrated animals, still they are only in a
rudimental condition when com|)ared with
those of fishes ; indeed it seems not unreason-

able to suppose that the calcareous dust or

otokonie of cartilaginous fishes (the ray or

shark for example) is rudimental of the hard,

porcellaneous, and artfully formed otolithe of
the osseous fishes.* A sort of loose notion

seems to prevail, that the presence of this hard
body in the vestibule favours the communication
of sound, by impinging upon the expansion of
the auditory nerve. The following obser-

vations of Camper no doubt propagated this

idea, if they did not originally give rise to it:

" I'our etre convaincu," says this distinguished

physiologist, " qu'un corps plus ou moins
dur, mais flottant dans une substance gcla-

tineuse reyoit la plus Idgfcre commotion ou
mouvement ext^rieur, on n'a qu'ii remplir un
verre de gel^e de come de cerf, et y plonger
quelque corps, on sentira aux doigts le mouve-
ment de ce corps dfes qu'on lemuera le verre,

ou qu'on lui donnera un petit choc avec un
doigt de I'autre main. Quand on enferme dans
une petite vessie quelque corps dur, le moindre
mouvement de la vessie fail branler ce corps,

qui produit une sensation trbs forte sur le doigt

qui tieut la vessie." f
Sir A. Carlisle thinks that the nature of this

substance has reference to the habits of the

particular class of fishes in which it exists.

" Fishes," he says, " are only provided with
more simple organs of hearing, ordained to

inform them of collisions among rocks and
stones, or the rushing of water or moving
bodies in that element: and since the collisions

of stones or of water are only variable in their

magnitude or intensity, fishes are provided
with these dense ossicles to repeat the sem-
blable acute tones of similarly dense substances,

such as rocks, stones, gravel, &c." Again,
" There is an especial sac of calcareous pulp
given to skates and some other cartilaginous

fishes in the place of the dense ossicles, ap-
jjarently intended to respond to the movements
of sand and muddy strata on which they are

doomed to reside; and it is remarkable that the

sturgeon has its auditory ossicles consisting

partly of hard substance and partly of calca-

reous pulp." J

Weber believes that the otolithes in fishes

supply the place of the cochlea which is want-

ing in these animals: the auditory ner^'es being

connected with them receive the vibrations

* So definite Hoes the form of these otolithes

appear to be in osseous fishes, that Cuvicr says

the osseous fishes may be determined by their

otolithes as well as by any other character.

t Mem. de I'Acad. des Sciences, an. 1779, and
quoted in Scarpa De auditu etolfaetu, p. 23.

X Quoted from a M^s, Essay on sound, in the
Hunterian Catalogue, vol. iii. p. 193. Miiller calls

the otoiithc " Kinc frcier solider Schwingungen
tepercuiircnder Kbrper."
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direct from them, or sometimes the otolithcs

are so placed witli reference to llio expansion

of the vestibular nerve, iis to be able to com-
press it against the cranium.

liut in man and those animals in whom, in

addition to a more complicated labyrinth, there

is also an external atidilory passage and tym-

panum, it would appear that the sonorous

vibrations are conducted in two ways ; first,

through the meatus externus and tympanum
to the vestibule and semicircular canals ; and,

secondly, through the bones of the head di-

rectly to the auditory nerve. Sounds pro-

ceeding from external bodies, as Weber ob-

serves, are conveyed in the former way ; but

the oscillations of one's own voice, although

they in part find their way by the external pas-

sage, are chieHy conducted by the cranial bones;

and, as Professor Wheatstone has remarked,

those sounds are best heard which are articu-

lated most in the mouth, and with that cavity

least open, as e, ou, te, kew. Closing both ears

by firmly pressing the hands upon them, one's

own voice is not heard less distinctly, but on
the contrary more loud and clear than when
both ears are left open ; and if only one ear be
closed, tlie voice is heard more distinctly and
louder in that ear than in the open one.*

The observations and experiments of Weber
render it very probable that the cochlea is that

part of the labyrinth which is more particularly

suited to appreciate sounds communicated
through the solid case of the head, or, to use

his words, that sounds propagated through the

bones of the head are heard specially by the

cochlea, but that sounds conducted through the

external meatus are perceived by the membra-
nous vestibule and semicircular canals niore

easily than by the cochlea. The following con-
siderations favour these views.

It is an admitted fact in acoustics that

sounds are most perfectly conducted by sub-

stances of uniform elasticity, and that when
projjagated from air or water to a solid, or

from a solid to air or water, they are conducted
much less completely. Now, inasmuch as the

cochlea may be regarded as part and parcel of

the cranial bones, the sounds which are pro-

pagated by these boues would reach the nervous
expansion in that portion of the labyrinth by the

most direct route; whereas, to atl'ect the re-

maining parts of the labyrinth, the sound must
be conducted from the bone through the peri-

lymph to the membranous vestibule and semi-

circular canals. Moreover, when it is con-

sidered that the cochlear nerves are disposed

in a radiated manner in the lamina spiralis,

it will apjjcar evident that the oscillations pro-

pagated to the petrous portion of the temporal
bone must exert a direct influence on the coch-

lear portion of the auditory nerve.

One or two experiments with the tuning-fork

show not only that the cranial bones do con-
duct, but also that sounds, inaudible or im-
perfectly audible through the meatus externus,

may be distinctly heard when the sounding

• E. H. Weber De Auditu in Auuotai. Auatoui.
et Pbjsiolog. Lips. 1834.

body is brought into contact with a bone of the

cranium or face. When the tuning-fork is put

into vibration by striking it against any solid

body, if held near the external ear its vibrations

are heard distinctly, but let die handle be

applied to the teeth or to the sujjerior maxilla,

and the sound appears much louder ; or if the

fork be held near the ear until the .sound has

almost died away, and then its handle be ap-

plied to the superior maxilla or the teeth, the

sound seems greatly to revive and continues

for a considerable period, the handle being

kept in contact with the bone.

When the conducting stem of the sounding

tuning fork is placed on any part of the head,

if both ears be closed by being covered with

the hands, a considerable augmentation of the

sound will be observed.* If the sounding-

fork be kept in contact with the head for a
short time, both ears remaining open, and then

one ear be closed, the sound will be greatly

augmented in the closed ear, and will appear

to be heard exclusively by it. This experiment

is more striking if the stem of the tuning-fork

be applied to the mastoid process on one side

:

when both ears remain open, the sound seems

to be heard chiefly by the ear in the vicinity

of which the stem is placed, but when the

ojjposite ear is closed, it appears as if the

sound were transferred from the open to the

closed ear; and if the ear be alternately

opened and closed, the sound will alternately

appear to be transferred from the one to the

other. Similar phenomena may be observed

if both ears are closed on the first application

of the tuning-fork. The sound is at first heard

in the adjacent ear, and either remains in it

or is transferred to the opposite one, according

as the former remains closed or is opened.

Mr. Wheatstone adds that if the meatus and
concha of one ear be filled with water, the

sound from the tuning-fork will be referred to

the cavity containing the water in the same way
as when it contained air and was closed by the

hand.

These phenomena afford obvious examples
of the communication of sound through the

bones of the head. The augmentation of the

sound in the closed ear appears to result, as

Mr. Wheatstone explains,f from the recipro-

cation of the vibrations by the air contained

within the closed cavity, and this explanation

is confirmed by the fact that when the meatus
is closed by a fibrous substance, such as wool,

no increase is obtained.

The following rationale may be offered

of what occurs when the sound from the

tuning-fork is communicated to a closed

ear, in accordance with the views of Weber
respecting the function of the cochlea. The
vibrations of the fork are propagated by the

bones of the head to the cochlea, the fluid of

which being thus thrown into vibration causes

the membrane of the fenestra rotunda to vibrate,

* These expcrimeDts were first suggested by
Professor Wheatstone.— Sp,e his experiments on
uiuliiiua ill the Journal of the Royal liislitutioa

for July lii27.

t Loc. cit.
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by which as well as by the vibrations of tlie

bones, the air in tlie lyinpniiuin is imile to

vibrate, ami that cavity l)einn closed the sono-

rous vibrations are retiected from its walls so as

to give rise to the augmentation of the sound.

Autenrieth and Kcmcr believed the cochlea

to be that part of tlie auditory apparatus by
which we (wrceive what the French call the
" timbre" of sounds; that quality, namely,

which dejiends on the nature of the material

of which the sounding body is constituted,

as well as on its form and size, and in some
degree on the manner in which sound is

elicited from it; and they considered it the

office of the vestibule to convey to the sen-

soriuui the ])itchand strength of sounds. Their

opinion as to the function of the cochlea was
founded on some experiments as to the extent

to which ceitain of the lower animals were

affected by particular instruments of music:

the results obtained from these exjieriments,

when taken in connexion with certain dif-

ferences in the form and other characteristics

of the cochlea in those animals, led these

authors to the conclusion that " those ani-

mals alone seemed to perceive a difference

of the ' timbre' of sounds of pretty uniform

pitch and loudness, in whom the cochlea was
very long and projected considerably into the

cavity of the tympanum, and was not much
concealed by the surrounding lx)ny substance.

Thus it appeared that a dog (the cochlea of

dogs being longer than that of cats), upon
hearing a certain note of the clarionet, set up
a howl, but seemed in no way affected at

hearing the same note from the flute or violin

;

but the cat continued undisturbed, although a

variety of instruments was sounded in her

hearing. A rabbit (in which the cochlea is

prominent) ran away at the note C elicited from

a glass tumbler or from a string, but remained

still when the same note was sounded even

more loudly by the flute."* But it is abun-

dantly evident that these experiments do not

fairly lead to the conclusion which these phy-

siologists endeavoured to establish ; for, as

W eber has remarked, it is one thing to be dis-

agreeably affected by the peculiar tone of a

given note in an instrument of music, and
another thing to distinguish the timbre of the

notes of different musical instruments. As
well might we conclude that dogs excel in the

power of distinguishing scents and savours,

because the smell and taste of spirits of wme
seem to be peculiarly disagreeable to them,

and they reject instantly, although hungry,

any food ofl'ered to them with which that has

been mixed.
It seems evident that the cochlea is an in-

dication of a very advanced condition of the

orgiui of hearing ; beyond this we can arrive at

uo detiuite conclusion in the present state of

* Sec these experiments quoted at greater length

in Weber's paper beforr, referred to. Autenriclh's
pjiper is to be found in Rcil's and Autenriclh's
-Archiv. fur die Physiologic, B. ix. 1B()9 ; and
I'outains much valuable and highly ijitci'csting

matter relative to all the parts of the organ of

hearing in several of ihu Mammalia.

our knowledge, anlcss indeed we admit the

very general one of Weljer, that it is tlie pri-

mary seat of those auditory impressions which
are conveyed through the vibrations of the

cranial bones. 13ut this view, however pro-

bable, and supported by much sound reasoning,

throws no light on the object of the peculiar

form and mechanism of the cochlea. We
must not omit to notice that a (jortion of the

vestibule is regarded by Weber as performing

a similar function to that of the cochlea, and
on similar grounds. That portion which ig

known under the name of the sacculus is so

adherent to the bony wall of the vestibule,

corresponding toiUeJuveahemispliericu, accord-

ing to Scarpa, that it cannot be sefxirated

without laceration, and consequently it seems to

be better adapted to receive the sonorous vibra-

tions which are conveyed by tlie cranial bones.

The remaining parts of the labyrinth, namely,
the three semicircular canals and the common
sinus, are most affected by those sounds which
are conveyed through the external meatus : it

seems evident at least that they must be more
affected than the cochlea from the connexion
between the membrana tympani and fenestra

ovalis through the chain of tympanic ossi-

cles, by which that membrane is brought
into direct communication with the perilymph
surrounding the membranous labyrinth. On
the other hand these parts are badly adapted
to receive the impression of vibrations direct

from the cranial Iwnes, being separated from
the corresponding osseous parts by the peri

lymph, and that part of the auditory nerve
which is distributed to them, having no con-
nexion with the bone. An experiment of
Weber illustrates the relation of tlie perilymph
to the membranous labyrinth, and snows that

an impulse upon tlie membrana tympani is

capable of affecting it. In some birds, the

falcon for example, the semicircular canals are

so large, that the membranous canals may be
easily seen. If in such a bird one osseous

semicircular canal be opened by a small open-
ing, care being taken not to injure the mem-
branous canal, and then we press the mem-
brane of the tympanum inwaras, at each com
Cression we observe the water contained in tlie

ony canal to flow out with a jerk. He there-

fore concludes that the sonorous undulations

conveyed by the cranial bones are communi-
cated more immediately to the nerve of the

cochlea, but those conveyed by the external

meatus to the nerve of the vestibule.

The semicircular canals are remarkable for

the constancy of their number, and of their re-

lative position with respect to each other, in all

animals in whom they are found. Tliey exist

inalmost all fishes, and in all the other vertebrate

classes, and in these they are never less than

three in number, two of which are always

placed vertically and one horizontally. The
0|>inion that the arrangement of these canals

has reference to conveying the sensation of the

direction of sounds, I find expressed by Au-
tenrieth and Kerner in the paper already re-

ferred to. "In no animal," they say, "are these

canals ever more or fewer on each side than
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three, which are so situated that tliey correspond

to the three dimensions of a cube, its length,

breudth, and deptli, and that every sound ar-

riving in one of these three directions wdl

always strike one canal at right angles to its

axis, and another in its length. The position

of these canals is likewise such, that the cor-

responding canals of opposite sides cannot be

parallel, and that thcrelbre any sound which

strikes the head in any given direction affects

the semicircular canal of one side much more

than the corresponding one of the opposite

side, whereby it may be determined whether

the sound coming in a straight line (from west

to east for example,) has really moved from

west to east, or from east to west."* They
state that in animals in whom the semicircular

canals are highly developed, the power of dis-

tinguishing the direction of sounds is marked
to a proportionate degree. Thus in the mole,

the development of these canals is very con-

siderable, and from a simple experunent it

aj)f)ears that this animal readily distinguishes

the direction of sounds. A mole was intro-

duced into a wide but flat vessel filled with

earth, in which he was allowed to burrow,

and it was found that the mole could be made
to move about by sounding an instrument out-

side the vessel ; if the instrument were sounded
on one side, the animal would always imme-
diately turn to the other.f The fox seemed to

distinguish the direction of sounds better than

cats : if at the same time, and at opposite sides,

the high tones of a little bell and the deep
tones of a bass viol were sounded, the fox

always turned to the side whence the high

notes came. Cats seem to be sensible of the

direction of high notes only. When upon a

violin, or a flageolet, or upon a glass goblet

containing water, high notes were sounded,

the cats always turned towards the place

whence the sound came, even although the in-

strument was concealed from them : on the

other hand, when a person seated on the ground

sounded the low notes of a bass viol before several

cats in a garden, they seemed to seek in all direc-

tions for the place of the soundingbody, without

nitting upon the right one. The cow, the

horse, the pig, and the rabbit seemed to mani-

fest particularly little sensibility to the direction

of sounds. The dog appears to have less power
to distinguish the direction of sound than man;
his smell seems to assist him, and it is well

known that when a dog is called by his master,

he commonly runs backwards and forwards

for some time before he finds out the right

direction. The human semicircular canals

greatly exceed in width all others examined by
Autenrieth and Keraer, but this excess is more

as regards the canals properly so called, but

does not apply to the ampulla. Scarpa had

• Op. cit. p. 363.

t This experiment, however, was repeated by
F.sscr, who assures us that the direction of the

movements of the mole was not influenced by the

dircclion of the tones of the instrument. Kastncr's

Arclxiv. fur die gesammte Naturlchre, H. 12, a. 5t).

quoted in Ticviranus, Urschciu. uud Gusetzc des

Urguuischcn Leheu^.

already remarked, that although the canals of

oxen and horses were narrower than those of

man, the ampulla; were scarcely at all smaller

than in the human subject. These observers

further remarked, in many animals they ex-

amined, an inverse ratio between the width

of the ampulla and that of the canals; that

the former were wider in pro])ortiou as the

latter were narrow. In line, they conclude

that the vsider the semicircular canals, the size

of the animal being taken into account, the

greater is the power of distinguishing the direc-

tion of sound. Of the lower animals, the

first in order as regards this power is the

hedge-hog, which, after the human subject,

has, relatively to its size, the widest semicircu-

lar canals ; we may form some idea of the

width of these canals from the fact that in

their centre they are nearly as wide as the

semicircular canals of the pig, which is so

very much larger an animal. Next to the

hedge-hog stands the mole, whose canals are,

proportionally to the size of the animal, both

remarkably wide and long ; they are peculiar

also as projecting free (visible widioutany prepa-

tion) into the cavity of the cranium. The
mouse and the bat come next, then the fox and
the dog,* the rabbit, the cat, the pig, the cow,

the horse, and lastly the sheep.

Professor VVheatstone advocates the theory

that our notions of audible direction depend
upon the excitation of those portions of the

auditory nerve which belong to the semi-

circular canals, lie conceives that we dis-

tinguish best the direction of those sounds

which are sufficiently intense to affect the bones

of the head, and that it is from the portion

which is transmitted through those bones that

om- perception of the direction is obtained.

ITius, we always find it difficult to tell by the

ear the position whence the feeble tones of the

CEolian harp proceed. The three semicircular

canals, then, being situated in planes at right

angles with each other, are affected by the

sound transmitted through the bones of the

head with different degrees of intensity accord-

ing to the direction in which the sound is trans-

mitted ; for instance, if the sound be trans-

milted in the plane of any one canal, the ner-

vous matter in that canal will be more strongly

acted on than that in eidier of the other two ;

or if it be transmitted in the plane intermediate

between the planes of this canal and the ad-

jacent one, the relative intensity with which
those two canals will be affected will depend
upon the direction of the intermediate plane.

The direction suggested to the mind will cor-

respond with the position of the canal upon
which the strongest impression has been made.-f-

• The width of the canals in dogs was found to

vary in the different races. Autenrieth and Kerner,

loc. cit.

t Dr. Young thought that the semicircular canala

seemed very capable of assisting in the estimation

of the aculencss or pitch of a sound by receiving

its impression at their opposite ends, and occa-

sioning a recurrence of similar effects at difterent

points of their length, according to the different

character of the sound ; while the greater or less
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No conclusions can be derived from the

expcrmipiits of I'Mourcns wiili respect to the

functions of tlie several parts of the lahyrinlh.

The etfects of disease had already sufficiently

indicated the relative importance of the dif-

ferent [jarls of the ear, and even to a certain

extent of those of the labyrinth. Tluis we
knew that stoppage or destniction of the ex-

ternal parts does no more than impair the sense

of hearing, and that so long as the labyrinth

remains |)erfect, or at least the vestibule, the

sense is not destroyed. Sound may be con-
veyed to the auditory nerve through the bones

of the head, as may be proved by the sen-

sation of sound produced by the application

of a tuning-fork in vibration to the teeth or

to some one of tlie cranial bones. By a ijarity

of reasoning, Flourens having successively de-

stroyed the several parts of the ear in pigeons,

inferred tliat the nervous expansion in the ves-

tibule was the part of the organ most essential

to audition :
" that in strictness, it is the only

indispensable part, for all the others may be
removed; yet if this continue, audition is not

destroyed." Partial destruction of the nervous

expansion in thevestibule only partially destroys

the sense, and complete destruction of this ex-

pansion involves total deafness. Tlie vestibule

may be laid open without any very considerable

alteration in the sense ; but rupture of the semi-
circular canals rendered the hearing confused
and painful, and was moreover accompanied
with a quick and violent tossing of the head.*
One can scarcely imagine vivisections less

likely to lead to useful results than those

which involve the exposure of the deep-seated
internal parts of the ear, a dissection which
even on the dead subject demands no ordinary

skill ; nor can we refrain from expressing our
opinion that had M. Flourens never attempted
these ex|)eriments, ])hysiology would have been
none the worse, and our respect for his hu-
manity would have been all the greater.

1 1 . Of the acccssori/ purla of the organ.—
We shall consider in succession the parts which
the external ear—the tympanum, its membrane
and ossicles, and the Eustachian tube, play in

the process of audition.

The external ear may be regarded as consist-

ing of two parts, the auricle and the meatus
auditorius externus. The complete develope-
mcnt of the former is found only in Mammi-
ferous animals, and exists pretty generally

throughout the class ; with, however, consider-

able diversity of form, varying from an almost
flat cartilaginous lamella, scarcely at all under
the influence of its muscles, to an elongated
funnel-shaped ear-trumpet, very moveable and
completely at the command of numerous large

muscles. Man and theQuadrumana are at one
extremity of this scale ; the Solipeds, Rumi-
nants, and Cheiroptera at the other. Some,

pressure of the stapes must serve to moderate the
tension of the fluid within the vestibule, whicli
serves to convey the impression. The cochlea seems
to be pretty evidently a micrometer of sound.—See
Med. l,it. p. 98.

• Conditions dc TAuiiitton in Kxpcricnccs sur Ic

Systcme ucrvcux, p. 49. Par. 1(126.

however, are devoid of the auricle, ns the mole,
the zemni-rat, the mole-rat, the seal, the walrus,
&c. It is said that those animals which are
remarkable for the large developement of the
auricle are almost all timid or nocturnal, and
consequently require an acute sense of hearing.

That the auricle performs the office of an
acoustic instrument to collect and reinforce the
sounds which fall upon it, cannot be doubted
in those cases in wiiich it is large and fully

developed, as in the horse, ass, &c. Here,
indeed, we see that the animal employs it as
we might expect such an instrument would be
used ; the open j>art is directed towards the
quarter whence the sound comes, and continues
so directed as long as the animal apfiears to listen.

So far, however, from this part being mainly the
instrument for enabling the animal to judge of
the direction of sound, it appears to me that
it cannot be applied to its full use until the
direction of the sound has been in some mea-
sure determined ; until the hearing-trumpet has
been favourably placed with respect to the
quarter whence the sound emanates, its value
is not fully experienced. If we watch the
movements of tlie auricle of a horse, we shall

see that he uses it altogether for concentrating
sounds fromparticularquarters: when he moves
it about quickly, it often seems as if he were
feeling for sounds coming from certain direc-

tions, having already acquired a tolerable

notion, if 1 may so speak, as to what those
directions are. Treviranus,* however, thinks
that the reinforcement of the sound is not its

principal use :
" to what end," he asks, " have

Its various eminences and depressions been
formed, if it have no other use than this, and
why are these particularly develoi)ed in tlie

human ear, which can have little or no in-

fluence as an ear-trumpet in increasing the
influence of sounds ?" He supposes that in

the lower animals, but especially in mun, the
auricle serves more for forming a judgment
respecting the direction of sounds than for

assisting in hearing. We cannot understand in

what way tlie fixed auricle of man can aid for

tliis purpose, being almost immoveable, and in-

deed altogether so for the purposes of collect-

ing sonorous undulations from different quar-
ters; nor indeed does itapjjear that the opinion
in question of Treviranus is any thing more
than a mere hypothesis. A remark of Mr.
Gough, the author of a highly interesting

paper in the Manchester Memoirs " on the
method of judging by the ear of the position

of sonorous bodies," offers a strong argument
against this notion. lie observes tliat what-
ever may be the direction of a sound in the

open air, as soon as it enters the auditory pas-
sage, it is compelled to follow the course of
that duct until it reaches the apparatus in which
the sense of hearing resides.f

The experimental researches of Savart throw
some light upon the function of this part of

the auditory apparatus.^ These experiments

• r-oc. cit. B. ii. p. 137.

t MiinchrAtcr IMcmoirs, Kew Series, vol. v.

X Majendie's Joursal de I'hysit logiu, tuiu. iv.
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were suggested by the result of several ob-

servations whicli be made upon the tommuni-
catlon of vibrations" tlirougli tlie air from a

vibrating body to one placed even at a great

distance from it, and susceptible of under-

going vibrations. Tlie eH'ect is best seen by
using a thin membrane, sucli as very fine paper,

carefully stretched in a horizontal position over

the mouth of a glass, or of a small delft basin :

a thin layer of sand is spread on this, and a

glass thrown into vibration by a violin bow
is held at a little distance from it; that the

paper immediately begins to vibrate is shewn
by the motions excited in the sand, the par-

ticles of which arrange themselves into figures,

which are sometimes perfectly regular, and
which form with so much rapidity that the eye

can scarcely follow " the circumstances which
accompany the transformation of the thin layer

of sand into a greater or less number of lines

of repose."

By a series of experiments to be hereafter

detailed, Savart showed that the tympanic
membrane is capable of being thrown into

vibrations by the sonorous impulses from a
vibrating body communicated to it by the in-

terposed air How far the external ear and
auditory canal serve to increase these vibrations

of the tympanic membrane, he sought to ascer-

tain by the following experiments. He formed
a conical tube of pasteboard, with a very wide
mouth at its base, the opening at the smaller

end being closed by a thin paper stretched

over it and glued to the margins of the open-
ing. This tube is placed resting on its base,

the membrane bemg upwards and per-

fectly horizontal, so that a layer of sand may
be spread over it. When a vibrating glass is

brought near and parallel to the upper surface

of this membrane, it immediately begins to

vibrate, and the grains of sand are tossed about
but raised but very slightly from the surface.

If, however, the vibrating glass be placed near

the biise or the wide and open extremity of the

tube, the vibrations of the membrane will be
found to be much more manifest, and the ex-

cursions of the grains of sand so considerable,

that they are often raised to a height of three

or four centimetres ; so that there is a manifest

difference in the influence produced upon the

membrane by the sonorous undulations excited

in the air according as they impinge upon the

external surface of the membrane or upon that

which is turned towards the interior of the tube.

This phenomenon, Savart adds, may depend
upon two causes, namely, upon the concen-

tration of the sonorous undulations by the tube,

or upon the communication of motion to the

parietes of the tube, which again would com-
municate it to the membrane. With a view
to ascertain which of these causes was the

effective one, a second conical tube, open at

boUi ends, was held with its narrow extremity

a little above and corresponding to the narrow

extremity of the former one, but so that there

wiis no contact between them. If now the

glass is made to vibrate successively at the

lai-ge orifices of the two tubes, it will be found

that when placed at the orifice of the tube to

which the membnine is attached, the oscil-

lations of that membrane are considerably
greater than when the aerial undulations reach
it through the odier tube. Whence it may be
inferred that in all probability the external ear
and auditory canal have, besides any influence

they may exert in modifying the movements
of the particles of the air, the additional function

of presenting a large surface to the aerial un-
dulations, consequently to enter into vibration

under their influence, and thus to contribute
to increase the excursions of the vibrating parts

of the membrane with which they are imme-
diately in contact; the auricle, by the variety

of the direction and die inclination of its sur-

faces to one another, can always present to the

air a certain number of parts, whose direction

is normal (at right angles with) to that of the

molecular movement of that fluid.

We get a general notion of the value of this

external part of the auditory apparatus in col-

lecting and directing the sonorous undulations,

from the assistance often derived in hearing

from increasing the concavity of the external

ear by placing the hand behind it, so as to

draw it forward and shorten it by pressure at

its upper and lower part ; by the dulness of
hearing which it is said follows the loss of the

auricle, and from the fact, so stated, that the

seal and walrus are extremely dull of hearing.

As regards the loss of the auricle, it is said

by Kerner that this loss is followed by the

greatest dulness of hearing in those animals
in whom the osseous meatus is wanting. In a
cat, from whom the right ear was cut close to

the skull, after the wound had healed without
any stoppage of the meatus, there was a re-

markable disposition always to keep its head
turned so as to be ready to receive sounds with
the left ear, and this continued even after the

tympanic membrane of the opposite side had
been frequently perforated, diat of the right side

remaining whole ; and when the left ear was
stopped (although the right tympanic mem-
brane was sound, and the only injury on that

side was the removal of the auricle,) a total deaf-

ness was manifested except to the loudest and
clearest sounds.

The iympunvm and its contents.—We have
already stated that Savart had demonstrated
that the membrana tympani is thrown into

vibrations by undulations of the air excited by
a sonorous body. This he demonsti-ated ex-
perimentally upon the membrana tympani
itself The temporal bone having been sepa-
rated, he sawed away the osseous meatus so
as to expose the membrane on a level with
the rest of the bone, and when it was suf-

ficiently dry, he covered it with a thin layer

of sand. A vibrating glass held parallel and
very near to the surface of the membrane
occasioned a slight movement of the grains of
sand ; but owing to the slight extent and the

shape of the membrane, it was impossible to

determine the existence of any nodal line.

In a second experiment, the cavity of the tym-
panum was opened, so as to expose the ossi-

cles of the ear and their muscles ; and it was
observed that when the intemus mallei muscle
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Fig. 362.

acted and rcndprcd the membrane tense, it was

mucli more dillicull lo i)ro(liici; maiiifost move-

ments in the grains of sand ; thus affording

much reason lo suppose the tensor lynipani

muscle is analogous in its use to the iris, and

destined to preserve die organ from too strong

imjjressions. This experiment can be best tried

on the menibranatvmpani of the calf.

In imitation of the mechanism by which the

tension of the niembiana tvnipani is effected,

and with a view to determine more decisively

the effects produced by variation of the tension

of that membrane, Savart constructed a conical

tube (Jig. 262), with its

apex truncated and co-

vered by a layer of very

thiu paper (m), which
w.is glued to the edye of

the opening. A little

wooden lever {I i), intro-

duced tlirout;h an open-

ing in the side of the

tube, and restmg on the

lower margin of this

opening (c) as a fulcrum,

was used to vary the tension of the membrane,
one of its extremities being applied to the

under surface of the membrane. It is evident

that, by depressing the extremity of die lever

that was external to the tube, the inner one
would be raised, and thus the membrane
stretched to a greater or less degree according

to the force used ; on the other hand, by ele-

vating the outer extremity, the inner one was
separated from the membrane, which was ac-

cordingly restored to its original tension. This

little lever wiis employed in imitation of the

handle of the malleus, which under the in-

fluence of its muscles causes the variation in

the tension of the membrana tympani. The
artificial tympanic membrane then having been

covered with a layer of sand, it was found that,

under the iuHuence of a vibrating glass, used

as in the former experiments, a manifest dif-

ference was produced in the movements of the

grains of sand, by increasing the tension of the

?)apcr; the greater the tension, the less the

leight to which the grains of sand were raised
;

and these movements were most extensive

when die lever was withdrawn from contact,

and the membrane left to itself.

From these experiments Savart concludes

that the membrana tympani may be considered

as a body thrown into vibration by the air,

iuid always executing vibrations equal in num-
ber to those of the sonorous body which gave

rise to the oscillations of the air. But what is

the condition of the ossicles of the tympanum
whilst the membrane is thus in vibration? The
result of the following experiment affords a

clue to the answer of this question. To a

membrane stretched over a vessel, as in fig.

263, a piece of wood (« b) uniform in thick-

ness is attached, so that the adherent part shall

extend from the circumference to the centre of

the membrane, while the free portion may
l>roject beyond the circumference. When
a vihialing glass is bmught near this inem-
bmne, very regular figures are produced, which

Tig. 263.

however are modified by the presence of the

piece of wood, and the vibrations of the mem-
orane are communicated to the piece of wood,

on which likewise regular figures may be pro-

duced. Tlie more extensive the membrane, the

longer and thicker may be the piece of wood

in which it can excite oscillations, and Savart

states that, with membranes of a considerable

diameter, he has produced regular vibrations

in rods of glass of large dimensions. The
oscillations of the piece of wood are much
more distinct when the adherent jxirtion is

thinned down, as in c </, fig. 264, by which it

Fijg. 264.

seems, as it were, more completely identified

with the membrane, and consequently the

oscillations of this latter are communicated di-

rectly to the thinned portion of the wood, and
thence extended to tlie thick portion a : sand
spread upon a will exhibit active movements,
and will produce very distinct nodal lines. Thus
it may be inferred that the malleus participates

in the oscillations of the tympanic membrane

;

and these vibrations are propag-ated to the incus

and stapes, and thus to the membrane of the

fenestia ovalis. The chain of ossicles then evi-

dently performs the office of a conductor of

oscillations from the membrana tympani to the

membrane of the fenestra ovalis ; but the mal-
leus likewise has the important function under

the influence of its muscles of regulating the

tension of the tympanic membrane ; and to

allow of the changes in the position of this

bone necessary for that purpose, we find it

articulated with the incus by a distinct di-

arthrodial joint, and between this latter bone

again and the stapes there exists anotlier and
a similar joint. This mobility then of the

chain of bones, and the muscular apparatus

of the malleus and stapes are totally irrespec-

tive of the conducting oflice of the bones, but

have reference to the regulation of the tension

of the membrane of the tympanum as well as

of that of the fenestra ovalis.*

We have already seen how the muscle of

* The experiments of Savart above detailed have
been several linirs carefully repeated by me with
results prceiKly aiiuilu.
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tlie malleus rpgulales the niembrana tympani,
increases its tension, and thus limits the extent

of the excursions of its vibrations. The con-

traction of the stapedius muscle causes the

base of the sta])es to compress the membrane
of the fenestra ovalis to a greater or less extent,

so that the degree of tension of that membrane
depends on the condition of this muscle.

Compression exerted upon the membrane of

the fenestra ovalis extends to the perilymph
and through it is propagated to the membrane
of the fenestra rotunda, and in this way the

same apparatus which regulates the tension of

the membrane of the fenestra ovalis performs

that office for that of the fenestra rotunda, and
Savart has devised a little apparatus which
very prettily illustrates the manner in which
this may take place. In a disc of wood
(« b, tig- 265)
of a sufficient Fig. 2fi5.

thickness, he hol-

lows out two ca-

vities, o and r,

which commu-
nicate at their

bottoms with

each other by a
narrow canal (c)

hollowed in the wood, but not open on its sur-

face ; a thin membrane is extended over each

of tlie cavities. Thus, the air contained in

these cavities may pass easily from one to the

other, and may always maintain the same
degree of elastic tension in both. If, then,

a vibrating glass be brought near the mem-
brane r covered with a layer of sand, it will

be found to enter freely into vibration, as

evinced by tlie active movements of the grains

of sand. If now pressure be made with the

finger on o, r will become convex in propor-

tion as is rendered concave by the pressure,

and when in this state, the movements of the

sand will be much less considerable than be-

fore, presenting an effect precisely similar to

that produced on the tympanic membrane by
an increase of tension. Thus, the extent of

the excursions of the vibrations of the mem-
brane r is limited by the pressure exerted upon
0, and as the membranes of the two fenestrae

are related to each other in an analogous man-
ner, we may argue that pressure upon the larger

one, that of the fenestra ovalis, will occasion

tension of the smaller, that of the fenestra

rotunda, thereby limiting the extent of the

excursions of its vibrations.

Moreover it appears, upon reference to the

anatomy of these parts, (see^/ig. 252, p. 650,) that

the only muscles which have been satisfactorily

demonstrated are tensors of the tympanum ; and

that at whatever extremity of the chain of ossicles

muscular effort be first exerted, a correspond-

ing cfieci will be produced at the other ; that

when the stapedius muscle acts, the malleus is

thrown into a position favourable to the tension

of the membrana tympani, and, on the other

hand, the contraction of the internus mallei

depresses the stapes, and consequently in-

creases the tension of the membranes of the two

feuestra. The cessation of muscular action

restores all three membranes to their original

laxity, nor does it appear that they admit of

any further degree of relaxation through the

influence of any vital process. The incus

forms a bond of connexion between the two
other bones, and its motions depend entirely

upon theirs in consequence of its articulation

with both, while from the fixedness of its con-

nexion with the mastoid cells, as well as its

intermediate position, and its not having any

muscles inserted into it, it is obvious that its

motions must be much more limited than those

of the other bones. Its use seems to be to

complete the chain in such a way, that by
reason of its double articulation with the mal-

leus on the one hand and the stapes on the

other, the tension of the tympanic membranes
may be regulated without any sudden or vio-

lent motion, which could scarcely be avoided

were the conductor between the membranes of

the tympanum and fenestra ovalis one piece of

bone.

Uut whence the necessity of at all adding

to the ear this complex apparatus of tympanum
and tympanic membrane, and why might not

the sonorous impressions have been made di-

rectly upon the membranes which close the

openings to the labyrinth ? Upon this point

Savart has offered a conjecture which seems to

afford the most probable explanation as to the

true object of these parts. If the membranes
of the fenestra, he says, had been in imme-
diate contact with the atmosphere, their elastic

state would have been constantly undergoing

changes, under the influence of the vicissitudes

of temperature of tlie air, a circumstance which
would, in all probability, impair the power of

the organ in detecting differences of sounds.

He presumes therefore that the membrana tym-
pani prevents this contact of the atmosphere

with the membranes of the labyrinth, and that

the cavity of the tympanum and the mastoid

cells form a kind of receptacle in which the

air, which finds its way into the tympanum
through the Eustachian tube, acquires the con-

stant temperature of the body, and establishes

in front of the openings of the labyrinth a sort

of atmosphere proper to themselves, the tem-
perature of which does not vary.

This same acute observer remarks that the

size of the membrana tympani in all proba-

bility, in the different species of animals,

exerts much influence upon the number of

sounds which they can perceive, and at the

same time u])on the limits at which those

sounds begin or cease to be audible. Were
the tympanic membrane in man of greater size

than it is, there is no doubt that instead of

beginning to hear sounds which result from

about thirty vibrations in a second, we should

be able to hear only sounds of a higher pitch.

Moreover it may be reasonably presumed that

animals who have the membrana tympani
much larger than that of man, hear much
graver sounds than those which result from

thirty vibrations in a second; and, on the other

hand, there must be other animals who hear

very acute sourds only.

Even in the human species, we obsei-ve in
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diflfercnt individunls a similar vnriatiou in the

limits of sensibility to sounds, thai is, wc tiiid,

ill ihf words of Dr. Wollasloii, that " an car

whicli would be considered as perfect with

regard to the generality of sounds, may at the

same time be completely insensible to such as

are at one or the other extremity of the scale

of musical notes, the hearing or not hearing

of which seems to depend wholly on the pitch

or frequency of vibration constituting the note,

and not \ipon the intensity or loudness of the

noise."* And we owe to this distinguished

man the knowledge of the interesting fact,

that an insensibility of the ear to low sounds
may be artificially induced, by exhausting the

cavity of the tympanum to a great degree.

This may be effected by forcibly attempting to

take breath by expansion of the chest, the

mouth and nose being kept shut ; after one
or two attempts, the pressure of the external

air is strongly felt upon the menibrana tympani,
whicli is thus from tlie external pressure thrown
into a state of considerable tension. An ear

ill this state becomes insensible to grave tones,

without losing in any degree the perception of
more acute ones. Tliis induced defective state

of the ear, from exhaustion of the tympanum,
may even be preserved for some time without
the continued eflbrl of inspiration and without
even stopping the breath, and may in an in-

stant be removed by the act of swallowing.

In repeating this experiment as I sit writing at

my desk, I ])erceive that a great degree of
stillness ensues immediately the sensation of
pressure upon the tympanic membrane is felt,

owing no doubt to the low rumbling noise of
the waggons and carriages in the street being
imperfectly audible. A similar observation

was made by Dr. VVollaston :
" If I strike the

tiible before me with Uie end of my finger,"

he says, " the whole board sounds with a deep
dull note. If I strike it with my uail, there

is also at the same time a sharp sound pro-

duced by quicker vibrations of parts around
the ]X)int of contact. When the ear is ex-
liausted, it hears only the latter sound, without
perceiving in any degree the deeper note of the

whole table. In the same manner, in listening

to the sound of a carriage the deeper rumbling
noise of the body is no longer heard by an
exhausted ear; but the rattle of a chain or
screw remains at least as audible as before

exhaustion." Dr. VVollaston refers to the cu-
rious effect produced by trying this experiment
at a concert ;

" none of the sharper sounds are
lost, but by the suppression of a great mass of
louder sounds the shriller ones are so much
the more distinctly perceived, even to the rat-

tling of the keys of a bad instrument, or
scraping of catgut unskilfully touched." Ano-
ther very interesting circumstance connected
with this subject is the production of the same
condition of the tymi>aiium by the sudden in-

crease of external pressure as well as by the
decrease of that within, as occurs in the diving-
bell as soon as it touches the water, tlte pres-

• \Vi>llasinn on Sounds inauiliblc liy certain
Kam. I'hil. Trans. 1U20.

sure of which, according to Wollasfon, upon
the included air closes tlie Kustachian tube, and
in proporlioii to the descent occasions a degree
of tension on tlie tympanum, that becomes
distressing to persons who have not learned to

obviate this inconvenience."

From one opportunity which I had of de^
scending in the diving-bell now exhibiting at the

Polytechnic Institution in Regent-street, I ex-
perienced this sensation very strongly, and
exactly as Dr. VVollaston describes it. The
first effect of the pressure on the tympanic
membrane was the production of a crackling
noise, which was immediately succeeded by a
painful sense of pressure in both ears; but this

is immediately relieved by tlie act of swallow-
ing ; it soon liowever recurs, and may be in a
like manner ag-ain relieved. I had no means
of judging exactly as to the limits of audition

;

but I distinctly observed in conversation with
those who descended with me, that grave tones
were those least distinctly heard ; the grave
tones of my own voice also were less distinct as
well as the low notes in whistling.

In such cases then it would appear that from
the strong compression exerted on the mera-
brana tympani, that membrane cannot vibrate
in unison with tones which result from a small
number of vibrations. On the other hand we
may infer, from Dr. VVollaston's observations,
that " human hearing, in general, is more con-
fined than is generally supposed with regard
to its perception of very acute sounds, and has
probably in every instance some definite limit
at no great distance beyond the sounds ordi-
narily heard." The ordinary range of human
hearing comprised between the lowest notes of
the organ and the highest known cry of insects,

includes, according to VVollaston,' more than
nine octaves, the whole of which are distinctly

perceptible by n)ost ears. Dr. VVolhtston has,
however, related some cases in which the range
was much less, and limited as regards the pei^
ception of high notes ; in one case, the sense
of hearing terminated at a note four octaves
above the middle E of the piano-forte; this

note he appeared to hear rather imperfectly, but
the F above it was inaudible, although his
hearing in oUier respects was as perfect as that
of ordinary ears ; another case was that of a
lady who could never hear the chirping of the
gryllus campestris; and in a third case the
limit was so low that the chirping of the com-
mon house-sparrow could not be hesird. Dr.
VVollaston supposes that inability to hear the
piercing squeak of a bat is not very rare, as he
met with several instances of persons not aware
of such a sound.

I'he opinion prevailed for a long time thai

rupture or destruction of the membrana tym-
pani is necessarily followed by the loss of the
sense. But Sir A. Cooper proved distinctly

that not only was hearing not destroyed, but
that in some cases of deafness it might be
punctured with considerable benefit to the
patient.* The most frequent cause of destruc-

tion of the tympanum is otitis, and provided

• Phil. Ttuis. for 1800 and 1801.
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the suppurative process does not extend so far

as to destroy the sUipes, the hearing is only
impaired; but should Uiat bone and its attached

membrane sutler, tlien a total deafness is the

consequence. In one case, related by Sir A.
Cooper, the membrana tympani was entirely

destroyed on the left side, and partially so on
the right, yet this gentleman, if liis attention

were excited, was capable, wlieu in com])any,
of hearing whatever was said in the usual tone

of conversation, but it was remarkable tliat he
heard better with the left ear than with the

right, although in the former there were no
traces of a membrana tympani. He could not
hear from as great a distance as others, and he
stated that, in a voyage he had made to the

East Indies, while others, when ships were
hailed at sea, could catch words with accuracy,

his organ of hearmg received only an indistinct

impression. His musical ear was not impaired,
" for he played well on the flute and had fre-

quently borne a part in a concert." The ex-
ternal ear too had acquired a considerable

degree of mobility under the direction of the

will, so that it could at pleasure be raised or
drawn backwards, and this motion was ob-
served to take place whenever the attention

was directed to sounds not very distinctly

audible.

The Eustachian tube evidently performs a
two-fold office :—it is the passage for the en-
trance of air into the tympanic cavity from the

throat, thus affording a provision for keeping
that cavity constantly full of air in order to

allow of the free vibration of the membranes as

well as of the chain of bones ; and it seems
obvious that the tube communicates with the

throat in order that the air introduced through
it shall have acquired the temperature of the

body. It likewise affords an outlet for the es-

cape of such sonorous undulations as do not
impinge upon the labyrinthic wall of the tym-
panum, which, were there no such communica-
tion with the external air, would cause an echo,

and in this respect it performs a function si-

milar to that of the mastoid cells. The neces-

sity of such a provision as is afforded by the

first office which the Eustachian tube performs,

is manifest from the frequency of deafness re-

sulting from a stoppage either in the tube or at

its extremity. Bressa supposed that the Eus-
tachian tube conducted the sonorous impulses
excited by one's own voice from the cavity of

the mouth to the labyrinth ;* but the incor-

• Reil and Autenricth, Archiv.fUr die Physiolo-
gic, B. viii. This was a modification of an opinion
expressed by lloerhaave, viz., that those sounds
from without which entered the mouth were conveyed
to the labyrinth through the Eustachian tube. An
English physiologist advocates the opinion that

some sounds are conveyed tlirough the Eustachian
tube, and particularly as he supposes in the Cetacea,

from the great development of that tube in these
animals compared with the extcrual auditory pas-

sage, and the erroneous notion propagated by Homo
that the malleus had no conn»;xion with the tym-
panum, but now disproved by the careful exami-
nation of Professor Owen. See Fletcher's Phy-
siology, and Owen's Edition of Hunter's Animal
Economy.

rectness of this notion is abundantly proved by
the fact that persons who labour under obstruc-

tion of this tube can hear their own voices

plainly enough, while they are deaf to thuse of

others. Moreover, if we introduce into the

mouth a watch or a vibrating tuning fork, care

being taken that they do not touch any of the

walls of the mouth, they are heard gradually

less distinctly as they are approximated to the

Eustachian tube; indeed when held far back
in the mouth they are totally inaudible. la
some birds the air of the tympanum finds its

way not only into the mastoid cells, but also

between the two tables of the skull, as in the

owl and in singing birds. The arrangement of

the osseous structure corresponding to the

diploe is exceedingly beautiful in the canary, in

which I have examined it. The two tables

seem as it were connected by very line and nu-
merous bony pillars, the extremities of which
are attached to each table ; cells freely commu-
nicating with each other surround these pillars

every where, and the air from the tympanum
thus traverses the whole of this cellular struc-

ture. The superfluous sonorous undulations

find their way into these cells, and being re-

peatedly reflected from their parietes become
greatly weakened, so that they can exert no fur-

ther influence upon the hearing.

Functions of the nerves.—The nervous ap-

paratus connected with the organ of hearing

consists of the nerve which receives the sono-

rous impressions, and of other nerves which are

connected with the mechanism of the organ.

That the portio mollis of the seventh pair an-

swers to the former office, anatomy alone abund-
antly proves. \\ ith respect to the latter nerves

some few remarks seem necessary. The mus-
cular apparatus of the tympanic ossicles receives

its nerves partly from the facial and partly from

the otic ganglion, thus exhibiting an an.ilogous

arrangement to that of the muscular structure

of the iris. Such an analogy renders it ex-

tremely probable that the actions of the muscles
of the ossicles are excited in a similar way to

that in which the iris is prompted to act. The
stimulus of sound conveyed to that portion of

the nervous centre with which it is connected,

excites by reflection the motor power of the

facial nerve, which, through its connexion di-

rect or indirect with the muscles of the ossicles,

causes them to act, and the action is in propor-

tion to the intensity of the sound, inasmuch as

the more tense the membrane of the tympanum,
the less will be the excursions of its vibrations ;

as in the iris the more intense the light, the

more contracted will the pupil be. It is im-
possible in the present state of our knowledge
to bay what is the office of the chorda tympani,

or whether indeed it has any office in connexion

with hearing; but we may easily conceive that

from its connexion with the facial, an irritation

of it may excite that nerve. Equally ignorant

are we of the function of the tympanic anas-

tomosis.

I shall conclude with the following brief

summary of the present state of our knowledge
respecting the functions of the several portions

of the organ of hearing.
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1. The vratilmlc is the essential part of the

organ. It detects the presence and intensity

of sound, and especially of those sounds con-
veyed through the external ear and tympanum.

2. The ((icli/tn, lying in immediate connec-
tion with the bone, receives ll)ose sounds which
are propagated through the bones of the head.
According to Kerner it is the medium of the

perception of the timhre or quality of sounds.*

3. Of the function of the scmicirctUur canals
we know nodiing. That they aid in forming a
judgment of the direction of sounds is conjec-
tured by Autenrietli and Kerner, and more re-

cently by W heatstone.

4. The ti/nipannm and its membrane render
the internal ear independent of atmospheric
vicissitudes, and the former affords a non-reci-

procating cavity for the free vibration of the
latter, as well as of the chain of ossicles.

5. The chain of ossicles acts as a conductor
of vibrations from the membrana tympani to

the fenestra ovalis, and under the influence of
the muscles regulates the tension of the mem-
brana tympani, as well a? the membrane of the
fenestra rotunda, so as to protect the ear against
the effects of sounds of great mtensity.

6. The external ear and meatus are con-
ductors of vibrations ; the former in some de-
gree collects them as a hearing-trumpet would
do, and probably assists in enabling us to judge
of the direction of sounds.f

(R. B. Todd.)

HEART (in anatomy). Gr. xi»j, xajJia;
Lat. cor; Fr. rarMr; Germ. Herz ; I tal. ruore.
The movement of nutritious juices through the
texture or textures of which an organized body
is composed, is a fundamental law in Physio-
logy. In proportion as the vital actions become
more complex and energetic, the more a rapid
and certain circulation of these fluids, which
is intimately connected with this condition,
becomes indispensable, and for this purpose
we have a pulsatory sac or sacs, called hearts,

superadded to the circulatory apparatus. Ano-
ther invariable concomitant of this energetic
manifestation of the vital phenomena is the
more perfect exposure of the tnitritious fluids

to the atmospheric air, and this, combined with

* Mullcr, who SGcms to regard the cochlea as an
apparatus for distinguishing the pitch of notes,
accounts for its peculiar form thus :— He supposes
it an organ in which the separate parts of the nerve
may be exposed to excitation ; for this purpose all

the finest bbres of the nerve lie exposed to the in-
fluence of ihe sound-conducting medium, and that
it has assumed the spiral form in order that the
nerves may be arranged in the most convenient
manner and within the smallest space. See his Frag-
ment on the sense of hearing appended to his work,
Zur veigleichenden Physiologic des Gesichtssinnes.

t Much remains to be done to determine the true
means by wliich we judge of the direction of sound.
The reader who may be interested on the subject
will find some valuable observations and experi-
ments in Autenricih and Kerner's paper already
quoted, Mr. Cough's paper in the Manchester
Memoirs, vol. v., new series, and one by Venturi
in Voigt's Magazin f. d. Neueste aus der Pbysik.
Mr. Wheat«tone's views are very briefly stated in
Dr. Elliotson's Physiology,

VOL. II.

the dissimilar media in which different animals

live and move, necessitates very im|x>rtant

modifications in the number, position, and

structure of these pulsatory sacs. These hearts

were until lately supposed to he exclusively

confined to the sanguiferous vessels, but Midler

and Panizza have discovered distinct pulsating

sacs plated upon the lymphatic vessels in

several of the reptile tribe, and these may be
considered li/tnphatic hearts.

In the lowest organized plants, as the Fungi,

Alga?, &c. and in the lower classes of animals,

as the Polypi, Actiniae, and a great part of tlie

intestinal worms, the nutritious fluids are trans-

mitted through their substance without any

distinct canals or tubes ; while in the higher

classes of plants, and in the Medusae, &e.

among animals, vessels are present, but these

are unprovided with any pulsatory cavities. In

the articulated animals generally, the vessels

are still without any pulsatory cavities ; but to

make up for the deficiency, the dorsal vessel

itself has a distinct movement of contraction

and relaxation. Various pulsatory dilatations

are placed u|)on the vascular system of the

common worm ( Ltimbricus terrestris); one or

two upon the vascular system of the Holo-
thuria ; and one in the Talpa cristata, where
the dorsal ves.sel is reflected upon itself at the

posterior extremity of the body to become con-

tinuous with an analogous ventral vessel ; all

of which may be considered as rudimentary

hearts.

As we rise in the scale of animals, we find

that the heart (insists of two distinct portions—
of a stronger and more muscular cavity called

a ventricle, and of a weaker and less muscular

cavity called an auricle. Tlie latter not only

serves as a kind of reservoir to the former, but
also, by the contraction of its muscular fibres,

drives the blood into it. Tliis heart is placed

within a sac or pericardium, and possesses

valves to prevent the regurgitation of the blood

from the ventricle into the auricle, and from

the aorta back again into the ventricle. This

may be considered as a perfect single heart.

This single heart in some of the Mollusca and
in Fishes wliich have a double circulation,

propels the blood tiot only through the lungs,

but also through the body. In the Batrachian

Reptiles, as in the Frog, though the circtdation

is single, the heart becomes more complicated

;

for instead of a single auricle we have two, one

of which receives the blood returning from the

respiratory apparatus, the other receives the

venous blood of the body. The pulmonic and
systemic circulations are here separated as far

as the auricles are concerned ; but a single

ventricle in which the venous and arterialized

blood are intermixed, still continues to propel

the sanguineous current both through the lungs

and through the body. In the Ophidia or ser-

pent tribe the heart jxjssesses the same number
of cavities as in the Hatrachian Reptiles ; but

we have a still nearer approach to the double

circulation in the presence of a rudimentary

septum ventriculorum. In some of the Sauria,

as the Crocodile, the ventricle is divided by
partitions into distinct chambers, which never.

2 Q
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theless communicate freely with each other. It

would appear, however, from Meckel's descrip-

tion, tliat the ventricle is divided by ;i complete

septum into two separate and distinct chambers

in the Crucodilus lucius. In the Mammalia
and Birds, where no intermixture of the venous

and arterialized blood takes place, but where
all the blood sent along the aorta lias been pre-

viously subjected freely to the influence of the

atmospheric air, we find two distinct hearts,

winch in the adult have no communication
with each other; one the respiratory heart for

tlie transmission of the blood through the lungs,

the other the systemic heart for the transmission

of the arterialized blood through all die textures

of the body. These are not placed separate

from each other, as in some of the MoUusca,
which with a double circulation have an aquatic

respiration, but are in juxta-position, and in

fact many of the muscular fibres are common
to both.

Human Heart (normal anatomy).

Position.—The heart in the human species

is lodged within the cavity of the thorax, occu-

pies the middle mediastinum, and is enclosed

in a fibro-serous capsule called pericardium.

It is placed obliquely from above downwards
and from behind forwards, in front of the spine

and behind die sternum. The apex is directed

downwards, forwards, and to the left side, pro-

jects into the notch on the anterior margin of

the left lung, and in the quiescent state of the

organ corresponds to the posterior surface of

the cartilage of die sixth rib. The base looks

upwards, backwards, and to the right side ; is

separated from the anterior part of the spine by
the pericardium, oesophagus, aorta, and other

parts which lie in the posterior mediastinum

;

and extends from about the fourth to the eighth

dorsal vertebra. Its right margin rests upon
die upper surface of the cordilbrm tendon of

the diaphragm, by which it is separated from

the stomach and liver; its left margin, which
is more vertical, looks upwards and to the left

side, and occupies an excavation on die inner

surface of the left lung. Its posterior or flat

surface rests partly upon the cordiform tendon

of die diaphragm, having the pericardium inter-

posed between them, and partly upon the inner

concave surface of die left lung.* Its position

corresponds to the union of the superior third of

the body with the two inferior thirds. The lungs

overlap die lateral, and part (rarely the whole)

of the anterior portion of the heart, leaving

only in general about an inch and a half or

two square inches of the anterior surface of the

right ventricle uncovered by the lung. It is of

importance to remember this fact in percussing

this region. The two sacs of the pleura;, as

they pass between the spine and sternum to

form the niediastina, are interposed between

the lungs and the heart. The heart is subject

to slight change of position from the influence

of die contiguous organs. It is carried a little

downwards during violent contraction of the

• In the lower anim-ils its position is vertical,

occupying ific mesiul line of the botly.

diaphragm, and is pressed upwards when the

abdominal viscera are strongly compressed by

the ])0werful contraction of die abdominal

muscles. During expiration it has been seen

to recede deeper into the thorax, and during

inspiration again to come forward. When the

body is bent to the right side, the apex recedes

from the inner side of the left wall of the

thorax ; when bent to the left side, it is still

more closely approximated to it.

Form unci ctternul surface.—Its form is that

of a flattened cone, and it is neither symme-
trical as regards die mesial line of the body,

nor (as we shall afterwards find) is the organ

itself symmetrical. It presents an anterior and

a posterior surface; a right inferior or acute

margin ; a lef^ superior or obtuse margin ; a

base, and an apex. Its anterior surface, which

is also turned towards die left side, is convex

and considerably longer than the posterior and

right, which is flattened. On the anterior sur-

face of the heart we find a distinct groove,

running nearly in the axis of the organ, passing

from above downwards and from right to left,

and containing the left coronary artery. A
larger portion of the heart appears to lie to the

right dian to the left of this groove. There is

a similar groove on the posterior surface, which

is nearly vertical, shorter than the anterior, and

contains a branch of the right coronary artery.

These two grooves are connected with each

other at or near the apex generally by a small

notch, which is sometimes of sufficient depth

to give the heart a bifid appearance.* These

grooves mark die division of the heart into

right and left sides. These terms are, how-
ever, more applicable when describing the

organ in the lower animals ; for in the human
species die right side is also anterior and infe-

rior, and die left side posterior and superior.

Near Uie base of die heart and at the com-
mencement of the longitudinal grooves, we find

a circular groove deeper anteriorly than poste-

riorly, which contains in its posterior part the

coronary vein and branches of the coronary

arteries. This circular groove points out the

division between the auricular and ventricular

portions of the heart. Two large arteries are

placed in front of the anterior part of diis

groove, the one posterior to the other. That

nearest to the groove is the aorta, which springs

from the base of the left ventricle ; die one

placed anterior is the pulmonary artery, which

arises from die upper part of the right ventricle,

and at its origin covers, along with that part of

die ventricle to which it is attached, the com-
mencement of the aorta. The ventricles form

the principal part of the heart, and occupy the

middle and apex, while the auricles are placed

at the base. The base of the ventricles is con-

nected to the base of the auricles. Two large

veins, the superior and inferior venae cavse,

• This notch in the human heart looks like the

rudiments of the fissure whirh in the Dugong and

Rytina separates the two ventricles from each other

nearly up to the base. This bifid form of the heart,

which is merely a temporary condition in the hu-

man species, is permanent in the Dugong and Ry-

tina, SeFjig. 2()4, vol. i. p. 576.
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enter the right, and the four pulmonary vein

pass into the left auricle. The aiK'X of th

' veins

pass into the lell auricle, llie ajK-x of the

lieart is in general formed by the left ventricle

alone. The base of the ventricles is cut ob-
liquely from before backwards and from above
downwards, and this explains how the anterior

surface of the ventricles should be loiiger than

the posterior. I liave found tlie difi'erence of

length between the two surfaces in a consi-

derable number of uninjected hearts to vary

from half an inch, or rallicr less, to an mch.
'Jliere is little difi'erence between the length of
the two ventricles in the uninjected heart. In
the injected heart the anterior wall not only
becomes elongated but much more convex,

while the posterior wall is simply elongated,

so that the difference in length between the

anterior and posterior surfaces becomes in-

creased. This change is more marked in the

right ventricle than in tlie left. Cruveilhier

slates that he found the anterior surface of the

left ventricle to exceed the posterior by nine or
ten lines, and the anterior surface of the right

to exceed the posterior by fifteen lines. These
measurements have evidently been tiiken from
injected hearts. On the surface of the heart,

but more particularly upon the anterior surface

of the right ventricle, a white spot, varying in

size, is frequently observed. According to

Uaillic it is placed on the free or inner surface

of ilie external serous membrane.* These spots
are so common an appearance that it is some-
what difficult to believe that they are morbid.
It is, however, very probable that they are the

result of some inflammatory action.

Except in very emaciated subjects there is a
greater or less quantity of fat occupying the

auricular and ventricular grooves. This fat is

generally in greater abundance in old subjects

than in young, in accordance with the general
law, that the adipose tissue in young persons
is principally collected on the surface, and in

old persons around the internal organs. When
in greater quantity, it is deposited along the

ramifications of the coronary vessels, and may,
in cases of great obesity, almost completely
enveloi>e the surface of the heart. It is gene-
rally i)laccd in greater quantities on the right

side tnan on the left.

The human heart may be considered as con-
sisting of two distinct hearts sci>arated from
each other by a fleshy septum, and which in

the adult have in general no communication.
The jwsition of the fleshy septum separating
the ventricles is marked by the ventricular

grooves. Each heart consists of an auricle and
ventricle which communicate by a large orifice.

The right heart is occasionally termed the pul-
monic hetirt, from its circulating the blood
through the lungs ; and as it circulates the
dark blood it was termed the cmir i sang noir
by Bichat. Tlie left is occasionally called si/s-

temic heart, as it circulates the blood through

• In three hearts in which I carefully examined
these white patches, I could distinctly trace the
serous membrane over them. See the observations
of M. Bizot (Memoircs dc la Sociite Medicate
d'Observatiou de Paris, lom. i. p. 347, 183(),) on
these spots.

the body generally, and is iheraur a umg rouge

of Bichat. The auricles, from their immediate

connexion with the large veins of the heart,

sometimes receive the name of venous portion

of the heart (part cordis venosa) ; and in the

same manner the term arterial portion of the

heart (purs cordis arleriosa) has been applied

to the ventricles from their connexion with the

large arteries. In describing the different ca-

vities of the heart we shall take them in the

order in which the blood passes through them.

Rig/it auricle (auricula dexlra vet inferior,

atrium venurum cavurum). Kxtemal surj'ace.

—To see the external form of the auricles pro-

perly it is necessary that they be first filled

with injection. The right auricle is of an irre-

gular figure, having some resemblance to a
cube, and occupies the anterior, right, and in-

ferior part of the base of the heart. It receives

all the systemic venous blood of the body.

Its inferior portion rests upon the diaphragm.

Its largest diameter runs in a direction fiom

behind forward, and from right to left. It is

broadest posteriorly, becoming narrow and pro-

longed anteriorly, where it terminates in a
small and free appendix, which, from its re-

semblance to the external ear of the dog, has

been termed auricle. Tliis appendix is gene-

rally serrated on the edges, more particularly

on the external, and projects between the aorta

and the upper and anterior margin of the right

ventricle. To this smaller portion the term
proper auricle has l)een given, while the larger

]M)rtion has been called sinus venosus. This

division of the auricle into proper auricle and
sinus venosus is more distinct in the left than

in the right auricle. The posterior surface of
the right auricle is connected with the entrance

of the two cavsB ; its inferior with the base of
the right ventricle; its internal with the left

auricle; its outer surface is free; and anteriorly

it is prolonged into the projier auricle, llie

junction of its internal surface wiUi the cor-

responding surface of the opposite auricle is

marked by an indistinct groove, which cor-

responds to the attachment of the septum sepa-

rating the two auricles. Its external surface is

placed on a plane internal to the outer edge of
the right ventricle.

Internal surface.—Tlie inner surface of the

right auricle can be satisfactoiily examined only

when it is opened in situ. Its interior can be
best ex|X)sed by making a longitudinal incision

from the appendix to the orifice of the inferior

cava, then opening the superior cava along its

anterior surface and connecting the two inci-

sions. The inner aspect of the right auricle

presents four surfaces:— 1. a posterior, where
the two vena; cavte enter; 2. an outer, upon
which numerous muscular bands are seen

standing in relief; 3. an internal, which is

nearly smooth, forms the septum between the

two auricles, and presents an oval depression,

about the size of the point of the finger, called

the fossa ovalis ; 4. an anterior, formed by the

appendix, and which also presents numerous
muscular bundles. Tlic superior or descend-

ing vena cava enters at the up|>er and posterior

angle, the inferior or ascending cava at the

2 <3 2
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posterior and inferior. Tlie entrance of tlie

su|)erior cava luolis downwards and forwards

in the direction of tlie body of the auricle ; the

entrance of the cava inferior is directed up-
wards, backwards, and inwards. These two
orifices are circular, and tliat of the cava infe-

rior is larger than that of the cava superior.

The ri^ht margins of these veins are continuous
with each other ; the left or anterior margins
are continuous with the auricle, which in fact

appears at first sight to be formed by an ex-

pansion of the veins ; hence the term sinus

venosus. Around the left margin of the en-

trance of the cava superior there is a prominent
band of muscular fibres; and around its right

and posterior margin there is another but less

prominent band placed at its angle of junction
with the right margin of the inferior cava. This
last band occupies the position of the sup-
posed tubercle of Lower ( tubcrciiliim Loweri),
The cava inferior occasionally forms a dilata-

tion immediately before it enters into the au-
ricle. The vena; cavse have properly no valves

at their entrance into the auricles.* The fossa

ovalis ( vtdvuhi J'oruminis ovatis, vestigium Jb-
ruiiiiiiis ovalis), which marks the position of
the foramen ovale by which the two auricles

communicated freely with each other in the

foetus, is seen at the lower and right portion of
the auricle, partly placed in a notch in the

posterior and lower part of the fleshy portion
of the septum, and partly in the upper part of
the vena cava ascendens as it passes in to form
the sinus venosus. The upper and anterior

margins of this depression are thick and pro-
jecting (unnulus scu isthmus Vieusseni, columnte
Jbiaminis ovatis). This was supposed by Vi-
eussens to prevent the blood of the cava supe-
rior from falling into the cava inferior, an ettect

which Lower also imagined might be produced
by the tubercle which he supposed was placed
at the junction of the two veins. We have
already pointed out that the orifices of the two
veins are placed in different directions, which
is sufficient to prevent the descending column
of blood falling directly upon the ascending.
The posterior and lower margins of the fossa
ovalis are ill-defined. The surface of the de-
pression is sometimes smooth, at other times
uneven and reticulated. Between the upper
margin of the depression and the annulus or

thickened edge of the fossa ovalis we fiequently

find a small slit passing from below upwards,
and forming a valvular opening between the

two auricles. The remains of the F.u.'.tachian

valve (J'onimiiiis ovalis anterior vulvula) may
be seen running from the anterior and left side
of the entrance of the cava inferior to the left

side of the fossa ovalis, where it attaches itself

to the annulus. This valve exhibits very va-
rious appearances in the adult: sometimes it is

very indistinctly marked, at other times it is

sufficiently apparent, and much more rarely it

approaches the size which it presents in foetal

life. It is frequently reticulated. Its convex

• The Fustachian valve cannot be considered as
essentially connected with the cava inferior in the
aduU.

margin is attached to the surface of the vein

and auricle ; its concave margin is free ; its su-

perior and convex surface looks towards the

auricle, and its lower and concave surlirce to-

wards the entrance of the vein. Placed to the

left of the Eustiichian valve, and between it

and the upper and outer part of the base of the

ventricle, is the orifice of the coronary vein. A
valve (viilvula Thebesii), the free and concave

margin of which is directed upwards, covers

the entrance of this vein. It is sometimes im-

perfect, occasionally reticulated. Instead of

one coronary valve we may have two or more,

one placed behind another. These two valves,

viz. the Eustiichian and Thebesian, are formed

by a reduplicature of the lining .serous mem-
brane of the heart.

The Eustachian valve frequently, however,

contains .some muscular fibres at its fixed mar-

gin. A nutnber of small openings (foramina
Tliebcsii) may be seen on the inner surface of

the auricle, some of which lead into depres-

sions ; others are the orifices of small veins.

The muscular fibres projecting from the ante-

rior and outer surface, already alluded to, pass

vertically from the auricle to the edges of the

auriculo-ventricular opening. These, from their

supposed resemblance to the teeth of a comb,
are termed muscidi pcctinuti. Smaller bun-

dles cross among the larger, giving the inner

surface at this part a reticulated appearance.

At the places where the transverse fibres are

deficient, the outer and inner serous mem-
branes of the heart lie in close contact. In the

floor or base of the auricle there is a large oval

opening leading into the ventricle (right au-

riculo-ventricular opening), having its upper

margin surrounded by a white ring. The up-

per part of this ring has a yellowish colour

from the auricular tendinous ring being here

translucent, so that the fat lying in tlie auri-

cular groove is seen through it.

Right ventricle (vcntriculus anterior, v. dex-

ter,v.pvlnumalis.) Krtcrnul surface.—The right

ventricle occupies the anterior and inferior por-

tion of the right side of die heart. Its form is

pyramidal, the base looking towards the au-

ricle, its apex towards the apex of the heart.

Its walls are much thicker than those of the

auricle. This thickness arises from the in-

creased number of its muscular fibres.

Internal surface.—The right ventricle may
be best opened by making an incision along its

right edge from the base to the apex, and
another from the root of the pulmonary artery

along its anterior surface near the septum to

join the other at the apex. On examining the

interior, its internal and posterior walls are

seen to be common to it and the opposite

ventricle, the anterior and external walls to

belong exclusively to itself. Its posterior and
internal walls are convex, its anterior and
internal concave. Its posterior and external

walls are decidedly shorter than its internal and
anterior. Its parietes are rather thinner at their

attachment to the anterior margin of the septum
than along its posterior margin. They are also

considerably thinner at the apex than towards

the base. A number of fleshy columns
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(column)! caniea, lerrles Uiccrti) projocl from

the inner surface. We will find lliat they

jiresent three different appearances in both

ventricles. 1. llie more numerous are attached

to the walls of the ventricles by their two
extremities, so that we can introduce a probe

under the middle part. These divide and sub-
divide in a variety of ways. 2. Others are

attached to the walls of the ventricles by the

whole of their external surface, while their

internal surface stands in relief from these walls.

3. OUiers are fixed to the walls of the ventricle

by tlieir lower extremities, are perfectly free in

the rest of their course, and terminate either

in a blunt extremity or in several short pro-

cesses. These last are few in number, nearly

, vertical, and have received the name of musciiU

papillures. These columns carneiE form an in-

tricate network on the inner surface of the

ventricle, and some of them occasionally cross

its cavity near the apex. They are more
numerous on the anterior and external than on
tlie posterior and internal walls. Two large

openings are placed at the base of the ventricle.

The larger, oval in the empty, somewhat cir-

cular in the distended heart, is the rij^ht

auriculo-ventricular opening, the upper margin
of which was already seen in the right auricle.

The smaller is circular, is placed anterior and
to the left, is about three-quarters of an inch

higher than the larger, and is the orifice of the

pulmonary artery. That portion of tl)e ven-
tricle from which the pulmonary artery springs

is prolonged upwards above the level of the

»rest of the ventricle. To this prolongation

Cruveilhier has given the name of the infun-

dibulum.*
The inner surface, particularly the posterior

part of this infundiuulum, is smooth and
deprived of columnse carnea;. Around the

auriculo-ventricular opening a valve is placed,

the fixed margin of which is attached to the

circumference of the opening; the free margin
projects into the ventricle. This valve, which

\

forms a complete ring at its attachment, termi-

nates in several apices, three of which are much
more prominent than the rest, and on this

account it receives the name of the tricuspid

or triglochin valve (vatvula tri^lochis v. tri-

cuspis). Tlie anterior of these three portions,

which is placed on the side nearest to the orifice

ofthe pulmonary artery, is more prominent and
broiider than the posterior and internal portions,

and IS separated from them by deeper notches

than these two are from each other. I'rom this

circumstance sou)e are inclined to consider this

valve as consisting of two portions only. It

contains several small luberclesal its free margin.

• This part is very minutely drscribcd by Wolff
under the lerin conns arterionts. Under the term
in/vftftitmlum Wolft' included a Urgcr poilion oi l)»e

ventricle, apparently that poi-tion placed above a
line drawn ironi the upper and right margin of the
ventricle obliquely downwardsto the anterior fissure.

Ati the upper part of the right ventricle becomes
gradually narrower, he supposed that it increases

the velocity and impetus of the blood as it is driven
from the ventricle.— Acta Acad. Imper. Pctropol.
pro anuo 1780, torn. vi. p. 2aj. 1784.

This valve, like the other valves at the arterial

and left auricular orifices, to be afterwards

described, is composed of a reduplicatureof the

lining membrane containing some tendinous

fibres between tliem. It is translucent and of

great toughness. A number of tendinous cords

(chorda tendineir) pass between the apices of

these valves and the inner surface of the ven-

tricle. Though the arrangement ofthese chords
tendines is not uniform in all cases, yet it is

of importance to remark, as prominently bearing

upon the discussions connected witli the man-
ner in which these valves at the auriculo-ven-

tricular opening perform their office, that their

general distribution is the same, and evidently

intended for a specific pur|X)se.* The greater

part of these chordte tendineae spring from the

free and blunt extremities of die third kind of

columnse carnese (muxcuti papillures) which
we have described ; some from the other two
kinds, and others again from the smooth portion

of the septum, and more particularly from the

lower part of the smooth surface which leads

into the infundibulum. These tendinous cords

diverge to reach their insertion, some of them
dividing and subdividing two or three times,

occasionally crossing each other, and are

inserted principally into the apices and margins
of the notches which separate the valve into its

three portions. A few of these cords pass

between the columnae and inner surface of the

ventricle without being attached to the valve.

The internal lip of the valve has its lower
margin tied more closely down to the surface

of the ventricle by these cords than tlie other

two lips ; besides several short cords frequently

pass between the internal surface of the ven-
tricle and the ventricular surface of lliat portion

of the valve. At the exit of the pulmonary
artery from the upper, anterior, and left part of
the ventricle, three valves are placed (fig. 268).
These from their form have received the name
of semilunar or sigmoid valves. Their fixed

margins are convex,and adhere to the tendinous
ring to which the origin of the artery is attached ;

their free edges, from the presence of a small

triangular tubercle in the middle of each (cor-
pus Arnntii, corpusculum Morgagni, corpus

sesiimoideum,) form two slight semilunar curves

(/ig.26e). Theextremitiesof the curved attached
edges look in the course of the artery. When
the blood rushes from the ventricle into the

pulmonary artery, the valves are laid against

the sides of the vessel, and the free edge becomes
vertical ; when, on the other hand, a portion of
the blood falls back towards the ventricle, the

valves are thrown inwards and completely

occupy the calibre of the artery. At this time

the concave surfaces of the valves are directed

in the course of the artery, the convex surfaces

towards the ventricle. These valves may be
distinguished by the terms anterior, posterior or

left, and superior or right. The suggestion of

• Mr. T. W. King states (Guy's Hospital Reports,
no. iv. p. 123.) that there is a disposition in the

chorda: tendincse from each fleshy column to attach

themselves to the adjoining edges of two lips of th«

valve, its iu the left ventricle.
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Fanlonus, ihai as three circular valves meeting
in the axis of a canal would leave a small space

in the axis itself, so the use of these corpora

Arantii may be to fill up the interval which
wonld tluis otherwise be left, has generally

been adopted.* These valves are thin and
transparent, yet of considerable strength. Their

attached are thicker than their free margins.

That portion of the pulmonary artery which is

placed immediately above the attachment of the

semilunar valves bulges out and forms three

projections, named from their discoverer

sinuses of Vatmlvu. These sinuses are more
apparent in old than in young persons.

LeJ't auricle (auricula sinistra ; a. pos-

terior ; atrium sett sinus venarum pulmonalimn,
a. aorticum). External surface.— It occupies

the upper, posterior, and left part of the base of

the heart, and receives the blood brought back
from the lungs by the pidmonary veins. The
only part of the left auricle that can be fairly

seen after the pericardium has been opened,
and none of the parts disturbed, is the appendix.
To see it properly the pidmonary artery and
aorta must be cut through and thrown forwards.

It is of a very irregular shape, some anatomists
comparing it to an oblong quadrilateral, others

to an irregular cuboidal figure. Posteriorly

it rests upon the spinal column, from which it is

separated by the parts mentioned in describing

the position of the heart itself, and appears as

if confined between the spine and base of the

heart,—^a fact which has been considerably
insisted upon in some of the explanations of the

Idling motion of the heart. Superiorly and to

the right it is connected to the auricle of the

opposite side. More anteriorly and still to the

right it is free, and is separated from the right

auricle by the aorta and pulmonary artery. lis

base is connected to tlie base of the corres-

ponding ventricle. The auricle is prolonged
forwards at first to the left, but bends towards
the right before terminating. This prolongation
is the appendix or proper auricle. This
appendix is longer, narrower, more curved,
more denticulated on the edges, and more
capacious than the corresponding part of the
right auricle, and projects along the left side of
the pulmonary artery, a little beyond and below
the anterior margin of the left ventricle. Tlie

two left pidmonary veins enter the posterior

and left side, and the two right pulmonary
veins enter the posterior and right side of the
auricle.

The left auricle, like the right, has been
divided into sinus venosus and proper auricle.

Inner surface.—The inner surface may be
divided into, 1st, a posterior, which is smooth,
and which belongs exclusively to itself; 2d, an

• I find that the late Dr. -4. Duncan, jun. lias

justly remarked that there is no necessity for calling
in the aid of the corpora Arantii to produce the
complete obstruction ot" tixe calibre of ihe artery, as
the tree edges of these valves, wlien they ate
thrown inwards, do not exactly lie in close apposition
but overlap each other, liesides these bodies arc
occasionally very indistinct, and frciiuently do not
prqicct beyond the free margin of the valves,
especially in the pulmonary semilunar valves.

anterior, which communicates by a round
opening with the cavity of the appendix ; 3d, a

right, the anterior and greater part of which
is formed by the septum of the auricles. Upon
this is observed the fossa oval is, but without

the distinct depression which it presented in

the right auricle. The upper margin of the

valve, between which and the upper thick edge
of the fossa ovalis the oblique aperture exists,

which we formerly stated to be frequently

observed here, is often distinctly seen in the

left auricle. The valvular nature of this small

slit must prevent any intermixture of the blood

of the two sides, litis margin, when present,

looks forwards and to the left. The two right

pulmonary veins open upon this surface imme-
diately posterior to the septum, and between

the septum and posterior surface. 4th, A left,

into which the two pulmonary veins of the left

side open.

The pulmonary veins of the two lungs are

thus separated from each other by the whole
breadth of the auricle. The veins of the same
side open into the auricle, the one immediately

below the other, so that they occupy the whole
height of the auricle. The superior is generally

the larger. The two veins of the same side

occasionally enter by a common opening, or

this may occur on one side only. At other

times we may have five openings. These veins,

like the cavee, have no valves at their termina-

tion in the auricle. At the lower and anterior

part of the auricle a large oval opening presents

Itself. This is the left auriculo-ventricular

opening, and like that on the right side it has

its upper margin surrounded by a white tendi.'

nous ring. This ring, unlike that of the right

side, is everywhere sufficiently opaque to pre-

vent the fat placed in the auricular groove to

be seen through it.

The inner surface of the left auricle differs

materially from that of the right in its greater

smoothness, and the consequently smaller num-
ber of its musculi pectinati. In fact, the only

place in which these are observed, and that too

to a comparatively smaller extent than in the

corresponding portion of the right, is the a])-

pendix. This arises from the greater strength

of the left auricle, the muscular fibres being so

closely laid together as not to leave any interval

between them.

Left ventricle (ventriculus sinister, v. pos-

terior, V. aorticus.) External surface,—It is

of a conical shape, and occupies the jiosterior

and left part of the heart. It is rounded and
does not present the flattened appearance of

the right ventricle. It projects downwards
beyond the right, and forms the apex of the

heart. Though the left proceeds lower down
dian the right ventricle, that portion of the right

called iiifundibulum orcouus arteriosus mounts
higher than any part of the left. The left is on

the whole a little longer than the right. The
circumference of the base of the right ventricle

is greater than that of the left, exceeding it in

some cases in the injected heart by about two

inches.

Internal surface.— This ventricle is best

opened by making an incision close upon the
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anterior iissure from the apex near to the com-
mencenient of tlie aorUi, then another in-

cision midway between tlie posterior fissure

and left etlge of llie ventricle, commencing near

the base and carrying it downwards to join the

otlier at the ajxjx. The anterior and right

parietes of the internal surface are formed by
the septum ; the posterior and left belong ex-

clusively to itself. The walls of the left ven-

tricle arc considerably thicker than those of the

right, and remain apart, while those of the right

fall together. As connected with this we may
observe that the septum is concave towards the

left ventricle and convex towards the right. As
the obstacles to be overcome in transmitting the

blood through the body are greater than tliose

to be overcome in transmitting it through the

lungs, so is the left ventricle thicker than the

right. It is important to remark, as connected
with the pathology of spontaneous rupture of
the heart, that the walls of the left, like those

of the right ventricle, are considerably thinner

at the apex than towards the base.* The ante-

rior and right parietes are longer than the pos-
terior and left. The columnae may be arranged
into three kinds, such as we have described in

the right ventricle. They are not so numerous
in the left ventricle as in the right. The greater

number are also smaller, and are principally

placed upon the posterior and left wall, near the

apex of which they form deep areola;.-|- The
upper part of the septum which leads to the

aortic oiwning, which we shall presently describe,

is quite smooth. In the base of the ventricle

we tind two oiienings placed closely together

;

one of these, the smaller, is placed to the right

and a little anterior, is the commencement of
the aorta, and occupies the upper and right

corner of the ventricle ; the other is larger and
placed to the left and a little posterior, and is

the auriculo-ventricular opening of this side.

The aortic opening is only separated from the

auriculo-ventricular ojiening by the tendinous
ring, and from the orifice of the pulmonary
artery by the upper part of the septum. A
valve resembling the tricuspid is attached to

the tendinous ring around the auriculo-ventri-

cular ojieniiig, which, from being more de-
cidedly divided into two lips, is termed bicuspid,

and from its fanciful reseuiblance to a bishop's
mitre has generally received the name of mitin I

valve. Like the tricuspid it forms a complete
ring around the margin of the auriculo-ventri-

cular opening. The anterior lip of the valve in

the quiescent state of the heart hangs suspended
between the auriculo-ventricular opening and
the origin of the aorta, and is considerably
larger and more moveable than the posterior,

which is smaller and more limited in its move-

" The circular arrang;enicnt of the muscular
fibres around the apex (Jiy.'l'A) must have ihe
effect ol rapidly approximating the inner stirfaics
of the ventricles at the apex during their sjstolc,
more particulaily when the a|)ex is elongaled, as in
the heart of llie horse, and thus prevent the pres-
sure from falling upon the extremity of the apex,
where it is very weakly protected.

t Laenncc has erroneonsly stated in general
terms that the colummc of the rivht ventricle arc
larger than tliosc of the left.

ments. Tlie mitral valve is formed in the same

manner as the tricuspid, and is somewhat
thicker and stronger, and like it contains a

number of tubercles in its free margin. The
large anterior lip of the mitral valve projecting

downwards into the ventricle was described by

Lieutaud and by others since his time as

dividing the ventricle into two portion.s, an

aortic and a ventricular. These are separated

from each other at the upper part by the valve

only; at every other part they coninuinicate

with each other. The same authors have

described the larger lip of the tricuspid valve

as effecting a similar division of the pulmonic

ventricle. Two of the columna; carnea; in the

left ventricle l)elong to the third kind (musculi

papillares) already described, and are much
stronger than any to be found in the right ven-

tricle. They are attached to the lower part of

its cavity, pass upwards, and about the middle

of the ventricle terminate in a blunt extremity,

from which a number of chordae tendineae pass

to be attached to the margins of the mitral

valve. Bouillaud describes these two columns
as uniformly occupying the same position, one
being placed at the junction of its left and
posterior walls to form the left margin of the

heart ; the other on the posterior wall near its

junction with the posterior margin of the sep-

tum.* Each of these fleshy columns consists

of two fasciculi, of an anterior and superior,

and of a posterior and inferior. The posterior

and inferior fasciculus is shorter and less strong

than the anterior. The chordse tendinex of

the two anterior or internal fasciculi proceed to

attach themselves to the margins of the anterior

or larger lip of the valves, those from one
fasciculus passing to one edge of the lip, and
those of the other fasciculus to the other edge.

As these chordce tendinei proceed from the

fasciculi to the valve, they diverge from those of

the same fasciculus, but converge towards those

of the other fasciculus. (Fig. 269 shews the

attachment of the chordae tendineae of the two
anterior or internal fasciculi.) The chorda;

tendinea; from the \)Osterior fasciculi pass in a
similar manner to be attached to the posterior

lip. The jKisterior lip is fixed closer in its

situation than the anterior, by the chorda; ten-

dineae, and this is frequently increased by some
of these cords passing from the walls of the

ventricle to be attached to the ventricular sur-

face of the valve, sometimes nearly as high as

the fixed margin of the valve. These chorda;

tendineae are stronger, fewer in number, and
less subdivided than those in the right ventricle.

Several of them jMss between the fleshy columns
without being attached to the valves, as in the

right ventricle. Though the description here

given is not jierfectly uniform in every case, but

is liable to fre<pient varieties,—by the non-divi-

• I have satisfied myself by numerous examina-
tions, of the accuracy of Bouillaud's account of the

position of these musculi papillares and the arrange*

ment of the chordic tendinea; in the human heart.

I have found them occupyinj; a similar position in

the heart of the horse, ox, as^, sheep, pig, dog,
rabbit, hedge-hog, and some birds, and suspect

that this will be found a general law in all ih«
warm-bloodod animals.
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sion of the musciili papillares into two fasciculi

;

by tlieii" subdivision, on tlie other hand, into

several smaller bundles, but so grouped that

the position of the smaller corresponds to the

larger; and by the smaller columns furnishing

a certain number of the cords usually given off

by the larger
;
yet there a])pears to be a remark-

able similarity between the course and arrange-

ment of the chorda; tendiness in all cases. The
object of this we will afterwards see wlien

inquiring into the precise manner in which

these valves prevent regurgitation into the auricle

during the systole of the ventricle. The origin

of the aorta is furnished with three semilunar

valves (Jig- 269), whicli very exactly resemble

in their position, shape, and appearance those

placed at the commencement of the pvdmonary
artery. They are somewhat stronger, and have

the corpora sesamoidea generally larger than

those in the pulmonary artery. Behind these

valves are three dilatations (siiimcs of Vulsalvii)

upon the commencement of the aorta, similar

to, but more prominent, than those at the com-
mencement of the pulmonary artery (fig. 269).

It was maintained by several of the older

eminent anatomists that the semilunar valves

must necessarily cover the entrance of the

coronary arteries,* and that they were filled,

not during the passage of the blood along the

aorta, but by the falling back of part of it

during the diastole of the heart, or as Boer-
haave expressed it, " llae arterije sunt in dias-

tole, dum reliqua; corporis arteriae in systole

constituuntur."t Ilaller mentions two circum-
stances which must satisfy every one, if any
thing more than the bare inspection of the parts

was necessary, that the coronary arteries are at

]easl getieralti/ filled in Uie same manner as the

other arteries which arise from the aorta, and
these are—1st, the result of experiments on
living animals, where the blood is seen to spring

j)er saltum from the cut coronary arteries during
the systole of the heart ; 2d, w hen a fcutus is

injected by tlie umbilical vein, the coronary
arteries are also filled. More lately, however,
Vaust]: has maintained that the origin of the

coronary arteries is generally covered by the

semilunar valves. lie states that he has injected

a great number of hearts from the pulmonary
veins; in some of these the injection ])assed

into the coronary arteries, but in by much the

greater number these vessels did not contain a
single drop of injection. On examination of
these cases he found that the semilunar valves

entirely covered the origin of tlie coronary
arteries. In attempting to ascertain tliis point
on the uninjected heart, we must bear in mind
the different conditions of the aorta in the living

body and after death. In the dead body the

sinuses of Valsalva are collapsed, so that the

semilunar valves can be laid over die origin of
the coronary arteries in some cases, where they

* Morgagni was doubtful in this matter, and
thought that he had observed them sometimes
covered by the valves, at other limes free. Advers,
v., Anitntidrer. xxv.

t Inslitut. Med. 183.

^ Rcflierches .sur la Structure ct Ics Mouvemcnls
dn fo-ur, p. 22, (1821.)

would become free when the sinuses arc dis-

tended as they are with blood in the living

body. Making every allowance for this source

of fallacy, 1 am satisfied that I have seen one

or two cases in which these valves appeared

fairly to cover the origin of the coronary arteries.

Supixising that the origin of the coronary

arteries were covered in some inst;uices by the

valves, it would in all probability be a matter

of little moment, as far ;i3 the ethciency of the

circulation through these arteries was concerned,

as long as the aorta retained its elasticity, for

the force with which it drives the distending

fluid backwards during the diastole of the

heart (a force which can be ascertained in the

dead body) would be sufficient to carry on the

circulation. The circumstances would, how-
ever, become very much altered in those cases

which are sufficiently common in advanced
age, where the aorta has from .disease of its

coats entirely lost its elasticity, and the coronary

arteries have also become studded with calca-

reous matter, unless we suppose what could

scarcely happen, that the blood contained in the

sinuses is forced along the arteries when the

valves are thrown outwards.*

Septum if tlie vetttricks.—The septum be-

tween the ventricles is triangular, and the apex
extends to the point of the heart. It is of

considerable thickness at the base, but becomes
thinner at the apex. Its position is oblique

like that of the heart. It is concave towards

the right ventricle, and convex towards the left.

From the slight rotation of the heart on its

axis, the anterior surface of the septum is

directed towards the right side, and the posterior

towards the left. It is composed, like the other

walls of the ventricle, princiijally of muscular
fibres, lined on the one side by the internal

serous membrane of the right ventricle, and on
the other side by the corresponding membrane
of the left.

We have preferred considering the relative

thickness of the parietes, the different capacities

of the several cavities of the heart, the relative

dimensions of the auriculo-ventricular, aortic,

and pulmonary orifices, and die size and weight
of the heart under distinct heads, not only as

this enables us to obtain a more connected
view than we could otherwise have done of
points upon which there are many conflicting

opinions, and upon which it is so frequently

necessary to possess, as far as we possibly can,

accurate notions in deciding upon the normal
or abnormal state of the organ, but we were
also afraid that if mixed up widi the odier parts

of the descriptive anatomy they would have

• Among the numerous and striking examples
which the history of medical science furnishes us
of the powerful tendency which preconceived
notions have, if not powerfully guarded against,
of influencing our observations of the plainest facts,

we may instance ihe statements of Petriolus ou this

question. He, apparently deeply imbued with the
old hypothesis that the heart is the seat of courage,
maintained that in bold and carnivorous animals
the coronary arteries were above the valves ; in
timid and herbivorous animals, on the contrary,
they arose behind the valves, while in man they
were of uncertain origin, us he was bold or timid.
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rendered it more complicated. We will find

tliiit considerable diU'ercnces in tlicse respects

may exist between ditferent bearts and between

different parts of tbe san)e beart, wliicli, to

ju(l(;e from tbe perfect regularity with wbicb all

its functions proceeded before death, must be

considered as \>erfectly healthy ; and it is from

this want of uniformity in the different parts of

apparently healthy hearts that we can in some
measure account for the discrepant statements

on this subject which exist in the works of the

most celebrated and accurate anatomists.

ThUkiiess oj' the waits of the several cuvUies

of the heart.—The left auricle is somewhat
thicker than the right, and the left ventricle

very considerably thicker than the right. Uouil-

laud* found the average thickness of the walls

of the left auricle in four healthy hearts to be

1} lines, and that of the right auricle to be

t line. Lobstein has rather strangely staled

thai the right auricle is twice the tliickness

of the left. lie makes the thickness of the

right auricle to be I line, and that of the left

to be only ^ line. Laennec reckons the relative

proportion of the thickness of the left ventricle

to the right as rather more than 2 to 1.

liouillaud found the average thickness of the

right ventricle at its base in a great number
of eases to be 2J lines, and that of the left

ventricle at the same part to be 7 lines.

Cruveilhiert states the proportionate thickness

of the right to the left ventricle as 1 to 4,

or even as 1 to 5. According to Soemmerring,J
the relative thickness of the two ventricles

is as 1 to 3. Andral§ states that in the adult

the thickness of the left to the right ventricle

is as 2 to 1, but in infancy and in old age
it is as 3 or 4 to 1.

M. Bizot has lately published the results

of the careful measurements of the healthy

heart in one hundred and fifty-seven indivi-

duals of all ages.
II

The greater part of these

observations were collected at La Piti^, under
the auspices of Louis. According to M. Bizot,

the heart goes on increasing in all its dimen-
sions—length, breadth, and thickness—up to

the latest i)eriods of life. The growth is,

however, more rapid before twenty-nine years

than after that age. While, then, the muscles
of animal life are diminishing in size in ad-
vanced life, the heart is still increasing in

bulk. The heart of the male is, on an average,

larger than that of the female at all the different

stages of life. M. liizot remarks that the

longitudinal section of the left ventricle is

fusiform, the thickest part being situated at

the junction of the superior third with the

middle third.lT The thickness of this ventricle

goes on increasing from youth up to advanced
age. The following are a few of the measure-

• Traitc Clinique dcs Maladies da Coeur, t. i.

p. S3. 1835.

t Anatomie Descriptive, t. iii. p. 17.
i Dc Corporis Hiimani Fabrica, t. v.

6 Anatoiuie Patholo^ique, t. ii. p. 283.

D M6moires de la Socictc Medic. d'ObservatioQ
de I'aris, t. i. p. 2l>2. 1836.

f Op. cit. p. 269 oud 284.

raents of the thickness of the walls of the

ventricles given by M. Hizot.

Le/t ventricle, mule.

Age, Base. Middle part. Apex.

1 to4 years .. .. 3 lines. 2ft lines. If,, line.

50 to 79 years . . 4S „ Sg „ 4Jb „
A.erage from 16 ) . „ ,j, 30.

to 79 years ..S ^" * " ^ "

Left ventricle, female.

1 to 4 years .... 2^*, lines. 2| lines. 2^ lines.

50 to 89 years . . 4) „ 5 „ 3f „
Average from 16 J ., .. -u

to 89 years . . »
** " ^' " ^^ "

Thickness of right ventricle.—The thickest

portion of the right ventricle is not placed,

as M. Bizot remarks, at the same point as

in the left. In the right ventricle it is at the

base of the heart, 4 lines below the tendinous

ring. The thickness of the walls of tlie right

ventricle, unlike the left, remains more nearly

stationary at the different periods of life. They
are, however, a little thicker in advanced age

than at an earlier period of life.

Right ventricle, male.

Age. Base. Middle part. Apex.

1 to 4 years ?„ line. ^ line.
If,

line.

30 to 49 years . . IJS „ Ifi „ }J „
50 to 79 Vears . . 2Vj „ 1^ „ fi „
Average from 16|,„, ,„ ,,

to 79 years ..S '« » ^^'" '" "

Right ventricle, female.

1 to 4 years .... li>, line. 2 line. ^ line.

30 to 49 years . . 1J| „ IJ? „ |f „
50 to 79 years . IJ „ ij „ 1 „
Average from 15} ,, -, .„

to 59 years . . )
*' " « " ™ "

Care was taken to make all tliese measure-
ments at points where there were no columns
carneae.

The thickness of the septum ventriculorum,

according to Meckel, is 1 1 lines at its base.

Bouillaud obtained the same results in the

only case in which he appears to have measured
the thickness of the septum. M. Bizot has

given measurements of tJie ventricular septum
at six different periods of life, from which I

have selected the following.

Mule. Female.
Age. Middle part. Middle part.

1 to 4 years 3^ lines. 2 j lines.

16 to 29 years.... 4ij „ 4{J „
50 to 79 years,... 5J „ 5-^ „
The thickness of tlie septum ventriculorum

goes on increasing in thickness from infancy

to an advanced period of life.

Relative capacities of the several cavities.—
Tlie most conflicting statements exist upon
this point, and we find it perfectly impossible

to come to any satisfactory decision. Each
cavity of the heart is supposed, when mo-
derately distended, to contain rather more than

two ounces of fluid. ITie auricles may be
safely said to be of less capacity than the

ventricles; and this disparity is strikingly

marked in the larger animals, as the horse

and ox. Tlie right auricle is generally allowed

10 be larger than the left, and tl\e diflierence,
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as stated by Cloquet and Cruveilliier, is as be observed. 4. Tlie experiments of Sabatier,

5 to 4. The right ventricle is generally found in which, after tying the aorta and producing
larger than the left Lifter death. This difference engorgement of the left side of the heart,

has been very variously estimated by different while the right side was emptied by a wound
anatomists. Some, as \\ inslow, Senac, Haller, made into the vena cava or pulmonary artery,

Lieutaud,* and Boyer, have maintained that the left ventricle was found to be of greater

there is a marked disparity between the capa- capacity than the right.

cities of the two cavities, while Meckel, M. Bizot maintains that the capacity of the

Laennec, Bouillaud, Portal, and others be- ventricles goes on increasing from youth up
lieved that this difference is to a smaller extent, to old age; and that this, contrary to the

Lower was the first to maintain that both opinion of Beclard, is not so rapid in old

ventricles are of equal size. Sabatier, Andral, age as in the earlier periods of life. The
and others have supported this opinion; while following are a few of M. Bizot's measure-

Cruveilhierf stales that he has satisfied himself, ments:

—

from comparative injections of the two cavities, Left ventricle, male.

that the left ventricle is a little larger than Age. Length. Breadth.

the right. Gordon has occasionally found I to 4 years 20 lines. 31 lines.

both ventricles of equal size, and Portal has 50 to 79 years .... 36 „ 56J „
seen them of the same size in young persons. Average from 15 to ) g^,, ^^^
Santorini and Michelattus believed that, though 79 years j,

si » oi »

the capacity of the left ventricle appears" a Left ventricle, female.

little smaller than that of the right, yet that 1 to 4 years 18^ lines. 29^ lines.

the superior force of the left auricle over the 50 to 79 years .... 31 „ 49^ „
right dilates the left ventricle sufficiently to Average from 15 to ) gj , ^g„
render it equal to the right. 89 years S ^ " '' "

The majority of anatomists, however, have Bjght ventricle, mule.

always maintained that the capacity of the 1 to 4 years 201 lines. 47J lines.

right ventricle is greater than that of the left, 50 to 79 years .... 37i „ 87 „
and have adduced the following arguments in Average from 15 to)

g^^, gj,,
support of this opinion: 1, that the right 79 years S " " ^ "

auricle, right auriculo-ventricular orifice, and Right ventricle, female.

origin of the pulmonary artery are larger than 1 to 4 years . . \^ lines. 44J lines.

the auricle and corresi)onding orifices of the 50 to 79 years .... 35^^ „ 7a „
opposite side : 2, that when both ventricles Average from 15 to

) g^ ^g,
have been filled with water, mercury, or wax, 89 years S

" '

more of these substances is found contained Every one must confess that the right ven-

within the right than the left : 3, the experi- tricle is generally found larger after a natural

ment of LegalloisJ shew that when an animal death in the human subject than the left; and

is bled to death, this disparity between the it appears exceedingly probable that these two

size of the ventricles is still found. Those cavities, in the healthy state of the organ,

who maintain that the capacity of these two contain different quantities of blood during

cavities is equal do so on ihe following life- As the capacity of the auricles is rather

grounds:—1, that as the walls of the right smaller than that of the ventricles, it may
ventricle are weaker than those of the left, ^^e asked how can the auricles furnish blood

when the same force is used in injecting both, sufficient to distend the ventricles? We shall

the right must, as a matter of course, be more afterwards more particularly explain that the

dilated than the left. 2. Sabatier ingeniously blood passes from the auricles into the ven-

suggested thai, as during the last moments of tricles at tvi^o different times during the interval

life Ihe passage of the blood from the right side between each contraction, viz. at die moment
of the heart is generally impeded, producing of its relaxation, and again during Ihe con-

engorgement of that side, while the left side traction of the auricles. Various attempts

was generally empty, this might account for have been made by those who maintain that

the greater size of the right ventricle. 3. the right side of the heart is hirger than the

Sabatier and \Veiss§ maintained that in those 'eft, to explain how Ihe equilibrium of the

cases where the kind of deatli was such that circulation can be maintained. Ilelvetius*

the right side of the heart could not be en- supposed that this could be accounted for

gorged as in fatal ha;morihage, no diflerence ]>y the diminution which the blood sufleied

between the capacity of the two sides could i" passing through the lungs ; and in proof

of this he erroneously maintained that the

• Memoires dc I'Academie Roy. des Science,,
Pulmonary arteries were larger than the pi.l-

t. viii. p.561,1754. Licutaud's authority is some- monary veins. Legallois believed that this

times quoted in support of the opinion that these could be explained (as appears very probable)
cavities are of equal capacity. by the greater size of the right auriculo-ven-

t Anatomic Descriptive, t. iii. tricular opening, allowing a greater reflux of

Thii^T""""'"'", ^"""f"' f- '
H

P- *!^- I'lood •'atk again into the auricle, during the
these experiments were performed upon dogs, cats, . i r i ,

guinea-pigs, and rabbits. systole of the ventricles.

§ Dc dextro cordis vcntriculo post mortem am-
pli^rc, • Mcuioirc dc I'Acad. Roy. 1718, p. 285.
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Relative dimensions of the auricula- ven-

tricular orifices.—The right auriculo-ventricular

orifice is larger than the left, as was correctly

stated by Portal.* According to Cruveilhier,

the largest diameter of the right auriculo-

ventricular opening winch is antero-posterior

is fmm IG to IH lines, and its smallest diameter

is 12 lines; while the largest diameter of the

left auriculo-ventricular opening, which is di-

rected almost transversely, is from 13 to 14,

and its smallest is from 9 to 10 lines. Bouillaud

gives the results -which he obtained from the

accurate measurement of the circumference of
these two openings in three perfectly healthy

hearts. Tlie average circumference of the left

auriculo-ventricular opening was 3 inches

6j lines ; the maximum was 3 inches 10 lines,

and the minimum was 3 inches 3 lines. The
average circumference of the right auriculo-

ventricular opening was 3 inches 10 lines: the

maximum was 4 inches, and the minimum
was 3 inches 9 lines.

Circumjtrcnce of the aortic and pulmonary
orifices.—The circumference of the aortic and
ventriculo - pulmonary orifices is sometimes
nearly equal ; more generally, however, the

ventriculo-pulmonary is the larger. Uouillaud

gives the following measurements of these

openings taken from four healthy hearts :

—

Average circumference of the aortic opening,

2 inches 5\ lines: the maximum 2 inches

8 lines, and the minimum 2 inches 4 lines.

Average circumference of the ventriculo-pul-

monary opening, 2 inches 7| lines : the

maximum 2 inches 10 lines, and the minimum
2 inches 6 lines. I have found this difference

between the circumference of these two open-
ings marked distinctly at seven years of age.

M. Bizot has given measurements of the ar-

terial orifices, of which the following is the

average.

Aortic orifice, male.

Average from 16 to 79 years. . 45JJ lines.

Aortic orifice, female.

Average from 16 to 89 years . . 41J lines.

Pulmonary orifice, mule.

Average from 16 to 79 years . . 54J5 lines.

Pulmonary orifice, female.

Avemgefrom 16 to 89 years .. 48) lines.

Size and weight.—Laennec has stated that

the size of the heart in general nearly corre-

sponds to the closed fist of the individual.

This can only be considered as a loose ap-
proximation, as the size of the hand may vary

in different individuals olherways resembling

each other, either from original conformation

or from dissimilar modes of life ; and, besides,

the size and form of the healthy heart itself

may vary sufficiently to effect an apparent

difierence in these respects.

The average length of the heart, according
to Meckel, is 5J inches, of which about
4 mches are to be allowed for the ventricles,

and 1 J inch for the auricles. Uouillaud found
that a line drawn from the origin of the aorta

to the ix>int of the heart ranged, in nine

* Aaatoiuic MMicalc, t, iii, p. 69>

healthy hearts, from 4 inches to 3 inches

2J lines. The average length was 3 inches

7} lines.

The weight of the heart, according to

Meckel, is about 10 ounces, and its propor-

tionate weight to the whole body is as 1 to 200.

Tiedemann is of opinion that the proportionate

weight of tlie heart to the body is as 1 to

160.* The weight of the healthy and empty
heart, according to Cruveilhier, is from 7 to

8 ounces. Bouillaud found the average weight

in thirteen healthy hearts to be 8 ounces

3 drachms. According to Lobstein it weighs

between 9 and 10 ounces. The size and

weight of the heart must generally be to a

great extent in conformity with the size and
weight of the body. In an athletic male we
would expect it to weigh about 10 ounces, in

an ordinary-sized individual about 8 ounces,

and in weakly persons, or in cases of pro-

tracted debility, it would be still more dimi-

nished in weight. For tlie same reason it is

generally larger and heavier in males than

in females.

^Structure of the heart.—The heart consists

of muscular and tendinous textures, of cellular

tissue, of bloodvessels, of nerves, and of lym-

phatics, enclosed between two serous mem-
branes.

Tendinous texture.—The tendinous texture

of the heart is placed, 1, around the auriculo-

ventricular and arterial orifices; 2, within the

rediiplicature of the lining membrane forming

the auriculo-ventricular and arterial valves; 3,

it forms the chordae tendineaj.

Auriculo-ventricular tendinous rings.—
Around each auriculo-ventricular opening we
find a tendinous circle or ring, from the upper
part of which the muscular fibres of the au-

ricles arise, and from the lower part those of

the ventricles, thus affording perhaps the only

example in the human body of a strictly in-

voluntary muscle having tendinous attach-

ments. The tendinous ring surrounding the left

auriculo-ventricular opening is stronger than

that surrounding the right. These tendinous

zones are thicker along the lower edge where
tlie muscular fibres of the ventricle are attached,

and become thinner along the upper edge where
the muscular fibres of the auricles are attached,

so that the fat occupying the auricular groove

is seen through the upper portion of the ring

on the right side. The right margin of the left

auriculo-ventricular ring is connected with that

surrounding the aortic opening. The existence

of the auriculo-ventricular and arterial tendi-

nous rings was well known to Lower.f
Arterial tendinous rings.—The form cf the

tendinous rings surrounding the arterial open-

ings, and the manner in which the large arte-

ries are attached to their upper edges, have not,

I think, been described with sufficient accu-

racy. These textures are very plainly observed

* If wc consider the ordinary weight of an adult

heart to be 8 ounces, and the average weight of

the whole body to be 150 lbs. the proportionate

weight of the heart to the body would bo as 1

to 225.

t Tractatus De Cordc, p. 29. 1669.
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ill the heart of the ox and horse after a little

dissection. The following description is drawn
up from numerous dissections of tliese parts

made on the human heart. The tendinous ring

surrounding the aortic opening is stronger and
thiclicr than that surrounding tlie orifice of the

jiuhnonary artery. Both of them are stronger

tlian the auriculo-ventricular rings. Eacli of

the arterial rings appears as if composed of

three semilunar portions placed on tlie same
jilane, the convexities of which are turned

towards the ventricles and the concavities to-

wards the vessels (fig. 266, a u).* Each of

Fig. 207.

Appearance of tendinmu ring at the oriyin of the

pulmOTMry artery. In slilting open the artery,

one of tlie three projecting extremities of the ten-

dinous ring has been divided.

these semilunar portions has its projecting extre-

mities intimately blended at their terminations

with the corresponding projecting extremities

of those next to it, (Jig. 266, b b,) so that the

three form a complete circle, with three trian-

gular portions projecting from its upper edge.

The semilunar portions approach fibro-carti-

lage in their structure, and have the intervals

left between their convex edges filled with a

texture more decidedly fibrous, (fig. 266, d,)

and which is considerably weaker than the se-

milunar portions, more particularly on the left

side of the heart.+ The thinness of the ten-

dinous structure filling up these intervals has

led some anatomists erroneously to describe

these portions of the heart as protected only

by the two serous membranes. The right ten-

dinous zone is broader than the left and very

thin, particularly at its inner margin, at which

part in both sides of the heart it assumes raoie

of the tendinous than of the fibro-cartilaginous

structure. These tendinous rings are placed

obliquely f.om without inwards and from above

downwards, so that the outer edi^e is on a plane

superior to the inner. The sigmoid valves are

attached to tlie inner edge of the upper surface,

(Jig. 267, (I,) and the tendinous fibres placed

in the fixed margins of these valves contribute

to the thickening of the ring at this part; the

middle coat of the arteries is connected to the

outer edge of the same surface, and to the an-

terior pait of tlie projecting extremities, (Jig.

267, b;) while the muscular fibres of the ven-

tricles (Jig. 266, / ; Jig. "iSiT, J\) are attached

to the lower surface of the projecting portion

of the convexity, and to the lower margin of

the fibrous tissue filling up the space between

the convexities of the projecting ends, (Jig.

• These tendinous festoons arc represented

stronger in the woodcut than they are naturally.

t These intervals arc occupied by muscular nbics

in the heart of the ox and horse.

Pulmotutry artery slit open at its origin, its intenial

membrane stripped off, and two of the sigmoid vatces

completely removed.

a a a, tendinous festoons.

b b, muscular fibres of the right ventricle.

c c c, middle fibrous coat of the artery after the

internal serous membrane has been stripped off.

(J,
small portion of one of the semilunar valves

left to show its attachment to the inner eilge of the
upper surface of the tendinous festoon,

267, d.) There is, however, this difference

between the right and left arterial openings
with respect to the attachment of the muscular
fibres;—on the rislit side the muscular fibres

arise from the projecting portion of the con-

vexity of the whole three tendinous festoons,

(Jig. 268, c, c,) while in the left side the mus-

Fig. 268.

cular fibres are attached only to one and part

of a second, (fig. 269, b h,) as the larger lip

of the mitral valve (Jig. 269, ti) is suspended

Fig. 269.
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from tlie posterior or left, and a great part of the

anterior,—in fact to that part of the tendinous

ring wliich separates the aortic from the auri-

culo-veiitricular openii)i;. From the posterior

part of tliat portion of the tendinous ring to

which tlie mitral valve is connected, the ante-

rior fibres of both auricles, near the septum,
arise. As the left tendinous ring is thicker and
narrower than the right, there is a larger space
left between the fixed edge of the valves and
tlie attachment of the middle coal of the arte-

ries than there is on die left side. This space
is of some importance, as upon it a consider-

able part of the pressure of the column of

blood in the large arteries must be thrown
during the diastole of the ventricles.

There is a good representation of these ten-

dinous rings given in Tab. II. Opera Valsalvae,

torn. i. At page 129 they 'are thus described :

"In liorum sinuum ambitu qua valvulse si-

nubus annectuntur quidem quasi Agger videtur

occurrere substantiic durioris ad similitudinem

cartilaginis tarsi palpebrarum." I find also

tliat Gerdy* appears to have had an accurate

notion of the form and apfiearaiice of these ten-

dinous rings. He was aware of the existence

of the projecting angles of die tendinous ring

which pass up between the festoons of the

middle coat of the arteries, and which have
been overlooked in succeeding descriptions. I

find also diat the late Dr. A. Uuncan, jun. has,

in his unpublished manuscript, given a very

accurate account of these structures in the heart

of the ox.

Tendinous structure in the auriculo-ventri-

culur valves.—Distinct tendinous fibres exist

in the auriculo-ventricular valves enclosed be-
tween the reduplication of the lining serous

membrane. These are continuous with the

auriculo-ventricular tendinous zones, and are

most distinct and of great strength at the base.

I could never observe any distinct traces of mus-
cular fibres in these valves in the human heart

either when fresh or after long boiling. Bouil-
laud has, from the examination of one incon-
clusive case, but principally from analogy with
the corresponding valves of the heart of the ox,

supposed that they may exist in some cases in

hypertrophy of die valves. In making exami-
nations of diis kind we must be exceedingly
careful not to mistake die tendinous fibres

when tinged with blood for muscular fibres,

for under these circumstances they certainly at

all times assume the appearance of muscular
fibres .f

• Journal Complcmenlairc, torn, x.

t In the heart of the dog 1 have seen a distinct
band of transverse muscular fibres in the base of
the larger lip of the mitral valve, but could never
satisfy myself of the existence of any longitudinal
muscular fibres. In the heart of the ox and horse
very distinct longitudinal muscular fibres are seen
in the valves of both sides of the heart, princi-

f
tally, if not entirely, continuous with the inner
aycr of the fibres of the auricles, A greater part
puss over the inner surface of the tendinous rings,
and are firmly attached to the tendinous structure
of the valves, reaching nearly to the lower margin
of the smaller segments of the valves. The eft'cct

of these fibres tipon the movements of the valves
would form an interesting subject of investigation.

Tendinous structure in the arterial valves.—
Distinct tendinous fibres also exist in the arte-

rial valves, which must add considerably to

their strength and prevent their more frequent

rupture. Three of these tendinous bands in

each valve are stronger than the others, and
their [losition deserves attention, as they are

often the seat of disease. One nf these

bands occupies the free margin of the valve,

and p-nsses between the projecting extremities

of the tendinous festoons (Jig. 270, a). Upon
the middle of this band the corpus Arantii,

which is formed of a similar texture, is placed.

The other band comes from a point a little

above the middle of the projecting end of the

tendinous festoon (Jig. 270, b), and passes

up in a curved manner towards the corpus

Arantii, leaving between it and the superior

band a triangular space on each side, in which,

if any tendinous fibres exist, they are exceed-

ingly obscure. These two tendinous bands
were well known to Morgagni. The third

band is placed in the attached margin of the

valve, and renders this part the thickest and
strongest. Between the middle band and the

attached margin of the valve a number of
weaker bands are placed, which also pass up-
wards, generally assuming a curved fonn. Mor-
gagni termed these lower and weaker fibres_/f6r<f

camea, but they evidently belong to the same
structure as the stronger Ixinds. Tlie arrange-

ment of these tendinous fibres is best seen in

the aortic valves, and die appearance exhibited

in the accompanying representation, (Jig. 270,J

Fig. 270.

which has been taken from Alorgagm, is not
always distincdy obsen'ed, where the valves

are perfectly heaUhy, but become sufficiently

obvious in certain cases of disease.

Attachment of the middle coat of the arte-

ries to the arterial tendinous rings.—The inner

and outer serous membranes are continued fit)m

the heart upon the arteries ; the one becoming
the inner coat of the arteries, and the other is

continued for a short distance upon their ex-
ternal surface. A thin layer of cellular tissue

also passes from the heart along the arteries

between their middle coat and their external

serous membrane. Tliese are, however, so fiir

unimportant compared with theattachment of the
middle coat of the arteries to the tendinous fes-

toons which we have just described . The middle
coat is so very firmly and strongly attached both

to the external edges and to the anterior portion

of the upper part of Uiese projecting extremi-

ties, (Jig. 267, d,) that it can be detached with
great diflSculty. Those fibres of the middle
coat attached to the projecting extremities,
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which are apparently of the same number and
thickness as in tliat portion of the artery im-

mediately above, form a distinct cm'ved edge

(Jig- 267, ej, as they pass from the extremity

of one festoon to the other. As we trace the

middle coat of the artery downwards into the

concavities formed by each festoon, we find

that below this curved edge they become stri-

kingly thinner and continue to diminish in

thickness and in length, (since they can only

stretch between the projecting extremities,)

until we arrive at the bottom of the concavity.

These three thm portions of the middle coat

must then be placed behind the semilunar

valves, and correspond to the sinuses of Val-

salva.* The thinness of the middle coat at the

sinuses of Valsalva will render this ])orlion of

the artery more dilatable, and predispose it

to rupture when its coats are diseased.f The
tendinous zones are distensible, but to a con-
siderably less extent than the middle coat of

the arteries. I am not aware that this account

of the manner in which the middle coat of the

arteries is attached to the tendinous rings has

been previously given. I suspect, however,
that IJr. Duncan must have been perfectly

aware of it from some parts of his manuscript.

The differences between these tendinous fes-

toons and the yellow elastic coat of the arteries,

and the manner of tlieir attachment, can easily

be made out in the human heart ; they are,

however, more apparent in the larger animals,

as the horse and ox. The different characters

of the two tissues are obvious at the first

glance after boiling, even in the human heart.

Muscular tisme-X—The greater part of the

* So striking is the difference between the middle
coat as it fills up the concavity of these festoons,

and where it stretches between the projecting ex-

tremities in the hedgehog, that at first sight it ap-
pears to be deficient at that part.

t According to Valsalva aneurisms are frequently
found in this situation : "^Atque hie aorl« sinus

maximus ille est, in quo saepe aneurysmata circa

praecordia contingunt, ut propria obscivatione
edoctus sum," Valsalvae Opera. Epist. Anat.
cd. Morgagni, torn. i. p. 131. 1740. This greater

tendency to aneurismatic dilatation must depend
upon two circumstances. The increased calibre of

the artery at this part will increase the pressure

upon its walls from the well-known hydrostatic law,
that *' in a quantity of fluid submitted to compres-
sion, the whole mass is equally affected, and simi-
larly in all directions," and the diminished thick-

ness of the middle coat will materially favour this

distending force.

\ While I was engaged in examining the arrange-

ment of the muscular fibres of the heart, Dr. Alison
had the kindness to procure for me the manuscript
of the late ]>r. A. Duncan, jun. on this subject. It

was well known not only in this country but on the
continent that Dr. Duncan had for a very long pe-

riod attended very particularly to this question, and
was in the habit of demonstrating the parts he had
ascertained to his pupils. Unfortunately his inten-

tions of publishing on the subject were never car-

ried into execution, and his papers referring to it

were left in so confused a slate that it is exceed-
ingly difficult and in most parts impossible to make
out the description. I have availed myself of those
parts that are legible in the following pages, and
these I have scrupulously acknowledged. J)r. Dun-
can's dissections of the heart were taken entirely
from the ox and sheep.

heart is composed of muscular fibres arranged

in a very intricate manner. These fibres are

connected together by cellular tissue,* which,

however, exists in much smaller quantity in

the heart than in the other muscles of the body.

Tliese fibres are attached generally by both

extremities to the tendinous rings situated

around the orifices of the heart; the fibres of

the auricles pass upwards to form the auricles,

and those of the ventricles downwards to form

the ventricles, so that these tendinous rings

must form the fixed points towards which all

the contractions of the heart take place. None
of the muscular fibres of the auricles are con-

tinuous at any part with those of the ventricles,

and we will find that while some of them are

confined to a single auricle, others belong to

both. In the same manner a great part of

the fibres of the ventricles are common to

both, and are interwoven together, while others

again belong exclusively to a single ventricle,

or, asWinslowf expressed it, the heart is com-
posed of two muscles enveloped in a third.

The intimate arrangement of these muscular

fibres, particularly those of the ventricles, is

exceedingly complex, as the contraction of the

organ is not in one particular direction only,

but in all directions, and has long been con-

sidered as a kind of Gordian knot in anatomy.

Vesalius, .\lbinus, and IlallerJ confessed their

inability to trace them, and more lately De
Blainville§ assures us, from his own experi-

ence, that we can only arrive at very general

conclusions (des choses irh-ghierules) on this

subject. By adopting the method of long-

continued boiling of the organ before com-
mencing to attempt to trace the course and ar-

rangement of its fibres, we will find that after a

few trials several of the most important points

connected with the distribution of these can be

ascertained, and by perseverance they can be
unravelled to a great extent. By long boiling

the muscular fibres are rendered hard and firm,

while the tendinous and cellular tissues are

softened or dissolved, and the fat melted. Dr.

Duncan, who employed this method to a great

extent, states that the essential circumstance is

to continue the boiling long enough, and that

he has never been able to carry it too far. I

have found from eighteen to twenty hours gene-

rally sufficient for this purpose. Some have

recommended that the heart should be pre-

viously put for a short time into a strong solu-

tion of salt, and Vaust advises that it should

be boiled in a solution of nitre, for the purpose
of rendering the fibres firmer. The boiling is

infinitely superior to the maceration in vinegar.

By stopping the boiling before the tendinous

rings are rendered too soft, we can easily see

their form and their connexions to the muscular
fibres.

The general connexion and distribution of

• [This however is denied by other observers,
and from very recent and careful examinations.
See the succeeding article by Mr. Searle.—En.]

t Memoires dc I'Academie Royale des Sciences^

1711, p. 197.

t El. Phys. torn. i. p. 351.

§ Cours de Physiologic, &c. tnm. ii. p. 359.
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the muscular fibres of llie ventricles may be

stated to be as follows. 1st, Most of these

fibres are connected by both extremities to tlie

tendinou.4 structure of tlie heart, a fact well

known to Lower,* though overlooked by many
subsequent anatomists. 2d, TheMirection of

these fibres is more or less oblique, a com-
paratively small part of them only being

vertical, and that too for a limited part of

their course. The degree of obliquity of

these spiral turns is difi'erent in diflerent por-

tions of the heart : they are more ob-
lique on the surface and less oblique
as we proceed to the deeper fibres,

more particularly at the ba.se. The
deei)er fibres approach more to the cii^

cular form. 3d, As has been already

stated, part of these fibres are common
to both ventricles ; while part only
belong exclusively to a single ventricle,

and that principally at the base. 4th,

The external fibres ate longer than the

next in order, and after turning round
the apex pass upwards into the interior,

below the lower margin of the shorter

fibres, and form the inner surface of
the ventricles, while the deeper again
turn up below the lower margm of the

fibres next in succession, so that the

longer enclose by their two extremities

all the shorter fibres. By this arrange-

ment we can explain how the base and
middle pan of the ventricles should
be much thicker than the apex. This
arrangement has been particularly in-

sisted upon by Dr. Duncan and Gerdy,
and to illustrate it Gerdy has given an
ideal illustration, of which fig. 271 is a
copy.

Fig. 271.

run in a spiral manner from above downwards

and from ritjht to left, while those on the pos-

terior surface, which are in general more ver-

tical, run from left to right. Most of these

bands are thin and broad at the upper part,

and become narrower and thicker as they ap-

proach the apex, where they form a remarkable

twisting, which has been termed the vortex,

(of which fg. 272, taken from the human heart

after boiling, is an accurate representation,) and

then pass in to assist in forming the inner surface

Fig. 272.

k

of the left ventricle and the columnte camete.

The manner in which the external fibres turn

in at the apex to form the inner surface of the

ventricles and enclose the deeper fibres was
well known to Lower, and he has illustrated

it by an engraving, of which /g. 273 is a copy.

Fig. 373.

In examining the course of the fibres of the

ventricles we shall not attempt to describe each
particular band of fibres, but confine ourselves

to their general arrangement.f In examining
the surface of the ventricles the superficial

fibres of the anterior surface are observed to

1669
Tractatus de Corde, p. 34 to 37. Lugd. Balav.

t Wolff has named and minutely described eight
distinct bands of muscular fibres on the surface of
the right ventricle : .Acta Pctropolit. pro anno 1781,
torn. viii. p. 251, 1785.
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Tliis arrangement of the external fibres was
also well known to VV'inslow* and Lancisi.f

Winslow, liowcver, denied that tliey described

the figure of eight, as staled by Lower. More
lately Gerdy has given a description of this

arrangement, to which he has added an en-

graving, which approaches more to the ap-

pearance of the perfect figure of eight than

that given by Lower. I, however, prefer that

given by Lower, as it more nearly resembles

the arrangement which I have myself seen in

tracing these fibres. A small part of the right

and posterior side of this vortex is formed by
fibres from the posterior surface of the left

ventricle, and from that part of the posterior

surface of the right ventricle near the septum,

and are attached above to the auricular tendi-

nous rings, while the whole of the anterior and

left side of the vortex is formed by fibres from

the anterior surface and right margin of the

ventricles. On tearing these last fibres, which
form the principal part of the apex, from the

anterior surface of the left ventricle, we find,

as we proceed upwards, that a comparatively

small part of them cross the anterior fissure

upon the right ventricle to reach the right au-

ricular tendinous ring. The greater number
dip in at the anterior longitudinal fissure, and
we shall afterwards find that they can be traced

to the base of the septum of the ventricles.

By tearing otf these fibres downwards, we open
into the apex of the left ventricle. A general

notion of the manner in which these fibres,

passing from the base of the septum, turn in

at the apex, and proceed upwards on the inner

surface of the left ventricle, may be obtained

{torn Jig. 273. To have been quite accurate

the inner fibres should have been more scat-

tered, and some of them represented as termin-

ating in the columnie carneae. By unravelling

the fibres which form the apex, we may open
into the interior of the left ventricle without

breaking a single muscular fibre. Having thus

opened the apex of the heart, although the

point is removed, the circular edge is left entire

("Jig. 274, «), and is formed of another series

• Memoires dc TAcad. Roy. 1711. p. 197.

t De Motu Cordis : Opera omnia, torn. iv. p.

1745.
96.

of fibres, which, like those taken away, ad-

vance spirally from the base to the apex, and

turning over the edge (Jig. 274, b) ascend in

the opposite direction, continuing their course

after being reflected. " Proceeding in the

same manner the whole apex of the left ven-

tricle may be removed, and the same principle

of arrangement is found throughout the whole

heart even to the base. When we get down as

far as the apex of the right ventricle, although

the principle remains the same, its efi'ects are

more complicated, as it applies to two cavities

instead of one." I have frequently satisfied

myself of the correctness of the description

contained in this passage, which I have quoted

from the manuscript of Dr. Duncan. This is

the same kind of arrangement which, we have

already stated, has been insisted upon by

Gerdy, but which we believe can be more

satisfictorily seen by tracing the fibres in this

manner. Gerdy lays it down as a general law,

that all the fibres of the heart form loops, the

apices of which look towards the apex of the

heart (Jig. 271). I find that Dr. Duncan
states that while the apices of those loops

which form the lower part of the heart point

to the apex, as Gerdy has described, " yet he

commits a great error when he asserts that the

apices of all the fibres of the heart point in

that direction, since the number of tops which

point in the opposte direction is not less."*

When the superficial fibres of the heart have

been removed as represented in Jig. 274, we
will find that if we trace the great mass of

fibres occupying the lower and middle part of

the left ventricle, they will be seen to run

spirally in strong bundles from above down-

wards and from right to left, to wind round

and form the posterior as well as the anterior

part of the point of the heart ; that the greater

mass pa.ss in at the apex of the left ventricle to

assist in forming the columna; carneaj and in-

ternal surface, while others pass in at the apex

of the right ventricle, and others again, after

turning a little upwards, dip into the interior

below some of the higher fibres. On tracing

them upwards, on the other hand, they dip in

at the anterior longitudinal fissure (Jig. 274, d)
where they are as it were dovetailed with other

fibres from the anterior surface of the right

ventricle passing in at the same fissure, and
then mount almost vertically upwards to the

base of the septum, forming part of the sep-

tum of the right ventricle, only separated from

its lining membrane by a thin layer of fibres,

and are inserted in a strong band in the ox
into the bone of the heart, which is placed

between the auriculo-ventricular openings and
aorta, while in the human heart they are spread

• I could not discover in Dr. Duncan's manu-
script any other description or allusion to the fibres

here mentioned whose arrangement is opposed to

the general law which Gerdy is anxious to establish.

There is no doubt, however, that many of these

loops at the base are principally directed to the

periphery of the organ, and very little downwards,
and that a few in the infundibulum are slightly

diiccted upwards.
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over a wider surface at this tlicir upper in-

sertion. I liave been more particular in

describing this part of tlic heart, as this ar-

rangement of the fibres appears to me to be
intimately connected with the production of
the tilting motion of the heart. The fibres

which occupy the upper part of tlie anterior

surface of the left ventricle, as well as those

occupying the upper part of the posterior

surface (nearer the base than those bands
already described as passing from the ante-

rior surface), partly dip into the interior of
the left ventricle as they wind round it,

imrtly pass in at the posterior longitudinal

groove to assist in forming the septum, while

other strong bands, more particularly near the

base, cross this groove and dip into the interior

of the right ventricle. In the human heart

I have stripped off pretty strong superficial

bundles from the upper part of the posterior

surface of the left ventricle over the posterior

longitudinal groove, and over the surface of
the right ventricle as far as the anterior longitu-

dinal fissure, into which they dipped. In
stripping off the fibres from the posterior and
anterior surface of the right ventricle at this

stage of the dissection, part of them disap-

pear in their course around the ventricle, where
they dip in to assist in forming the interior

;

others proceed as far as the anterior groove
before tliey dip inwards; while part of the

fibres which arise from the conus arteriosus

cross the upper part of the anterior fissure

upon the anterior surface of the left ventricle,

where they pass into the interior of the left

ventricle. These fibres, crossing the anterior

surface of the right ventricle, and which dip

in at the anterior fissure, form the inner sur-

face of the septum of the right ventricle. On
tracing those fibres which dip inwards at so

inany different points, they are observed to rise

upwards to the tendinous rings either directly

or indirectly through the medium of the chordae

tendineae. In following the fibres in this man-
ner we perceive the intimate connexion that

exists between the two ventricles, and that their

contraction must be simultaneous. We also

see that comparatively few fibres cross the

anterior longitudinal groove except near the

base, while large bundles of fibres cross the

jxjsterior groove. When these fibres crossing

tlie two grooves have been torn away, the two
ventricles become detached from each other.

By this time tlie apices of both ventricles have
been opened.

On examining the deeper fibres (which oc-

cupy that part of the heart near the base), tliey

are seen to form a series of curved bands, of

one of which fig. 275 is a representation.

These bands are imbricated, the lower dis<ip-

iiearing by its internal extremity below the

higher, so as to be inserted by that extremity
into the tendinous rings at a point more in-

ternal than the corresponding extremity of the

higher bands. Some of these bands are com-
mon to both ventricles, others belong exclu-
sively to one. The fibres of the right ventricle

become very complicated where they form the

conus arteriosus and fleshy pons between the
VOL. II.

Fig. S7S.

pulmonary artery and right auriculo-ventricular

orifice. The fibres of the left ventricle are

stronger and coarser than those of the right

ventricle, while those of the conus arteriosus

are still firmer than those on the lower part of

the right ventricle.* " There do not occur in

any part of the heart cellular sheaths or tenr

dinous aponeuroses dividing bundles of fibres

as separate muscular fasciculi. Although a

complex it is not a compound muscle, and
does not consist of a number of distinct bellies

or heads. The only thing approaching to this

structure are the columnae and a strong mus
cular stay between the peripheral and septal

wall of the pulmonic ventricle, and the re-

ticulated texture on the inside of the ventricles,

much more conspicuous in man than in oxen."
" Many fibres are attached to each other by
agglutination or in a manner not easily under-

stood." " Many fibres bifurcate, and the di-

vided fibres follow different directions: or two
fibres from different parts approximate, and at

last are united and proceed as one fibre. I am
doubtful if this can be considered as a tendinous

point of union of all three. These points of

union are often arranged in one line so as to

give some appearance of a pennated muscle,

but the tendinous points, if tney exist, do not

adhere to form membranes or strings. This

bifurcation is very evident in the connection

of the septal with the peripheral walls of the

heart."t

The auricles are formed by two sets of fibres,

a superficial and a deep. The arrangement of

these two sets of fibres does not follow the

same laws as those of the ventricles. The su-

perficial layer Cfg- 276, a a, fig. 277, a a),

surrounds the base of the auricles, and is of

unequal height and thickness. It is broader

on the anterior and narrow on the posterior

surface, more particularly on the posterior and
outer part of the right. It extends upwards

towards their superior edge on the anterior

surface, and on the posterior surface of tlie

left as far as the inferior pulmonary veins.

It is very thin, particularly on the outer

and posterior part of the right auricle. In its

course round the auricles the fibres diverge to

enclose the appendices, and the orifices of the

* Dr. Duncan has given a very minute descrip-

tion of ihc fibres of this and olhcr parts of the

heart, which are much loo long for insertion here.

He has also pvcn a very accurate and minute de-

scription of the l)one in the heart of the ox.

t Dr. Duncan.
2 »
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Fig. 27C.

large veins. Tliese fibres cross transversely

between tlie anterior surface of the two auricles

and connect tliem tojjether. These superficial

fibres are also prolonged into the intcrauricular

septum (fig. 277,/) to assist in forming tiie

Fig. 477.

circular band of fibres which surrounds the

fossa ovalis. (Jerdy fi<^ures a superficial band

of fibres (Jig. 276, b) as belonging exclusively

to the left auricle.

The deep fibres belonc; exclusively to a sin-

gle auricle. 'Hiey are superficial at various

parts, where the external or circular fibres are

deficient. \\y their inner surface they are con-

nected to the inner membrane of the uuricles,and

a thin layer of cellular tissue unites their outer

surface to the inner surface of the superficial

fibres. In the left auricle Gerdy describes,

1st, a left auricular loop (Jig. 270, c r, Jig. 277,

c c), which embraces the auricle from its su-

perior edge to its base, which runs a little

obliquely to the left, before, above, and then

behind the auricle, and is attached by its ex-

trennties to the auricular tendinous ring near

the septum. It is contracted at that part where

it passes between the pulmonary veins. 2d.

The pulmonary veins are surrounded by circu-

lar fibres (fig. 276, d d, fig. 277, d d), which

are continued along their course to a variable

extent,—sometimes they merely surround the

terminatioi\ of one or more of these veins,

at other times I have seen them prolonged out-

wards as far as the roots of the lungs. These
fibres generally form a continuous layer, and

of sufficient thickness to render them capable

of constricting these vessels considerably. 3d.

Some fibres proper lo the appendix (Jig. 276,

m vi), which, by passing between and uniting

themselves to the other fibres of the appendix,

form that reticulated appearance which it pre-

sents in its inner surface. Some of these fibres

are circular, others form incomplete circles.

In the right auricle, Gerdy has described,

l.st, a right auricular loop (Jig. 276, li h, Jig.

277, /i), which is alUiched anteriorly to the

tendinous structure at tTie base of the auricle

;

it extends upwards in the anterior edge of the

septum auriculorum; it then curves round the

fossa ovalis, of which it forms the projecting

edge, and at the orifice of the vena cava supe-

rior it divides into a right and left band. The
first proceeds downwards, becomes engaged

with some of the superficial fibres around the

cava su])erior, and forms the angle between

them (tuhcrculiwi Loweri), from which it

passes downward to the auricular tendinous

ring along the right side of the cava inferior.

The left division passes along the left side of

the cava inferior, in the posterior edge of the

auricular septum, where it intermixes with the

fibres which embrace the entrance of the coro-

nary vein. 2d, Some muscular fibres (fig.

276, p), which pass between the anterior part

of the tendinous ring and the appendix. 3d,

Some circular fibres, which surround the en-

trance of the cava superior ffig. 276, o) : these

do not extend iipwarfls beyond the orifice of

the vein. 4th, The bundles of fibres which

arise from tlie right side of the auricular ring

proceed upwards to the posterior part of the

appendix, and form the musculi pectinati

seen in the interior of the auricle. 5th, A few

fibres proper to the auricle (Jig. 276, n), which

assume the circular form. The action of all

these fibres superficial as well as deep must be

to diminish the capacity of their cavities, and
draw them towards the auriculo-ventricular

openings, and thus favour the passage of their

contents through these openings.

Inner mcmbrunc o/'tlic heart.—Each side of

the heart has its own lining membrane, and
both of these are closely allied to the serous

membranes in structure and appearance, lliey

are continuous with the inner coat of the vessels

which open into their difi'erent cavities. These

Iiave been termed the endocarde by Bouillaud

to distinguish them from the serous coat of the

pericardium on the outer surface of the heart.

If we commence to trace the inner membr.me
of the right side from the entrance of the two

cava;, we find that it is folded upon itself to

form the I'^ustachian valve at the entrance of

the inferior cava ; it then passes upon the inner

surface of the auricle, and at the opening of the

coronary vein it is again folded upon itself to

form the valve of the coronary vein. It passes

thiough the auriculo-ventricular opening, ad-

heres to the inner surface of the tendinous ring,

and is there folded upon itself to assist in form-

ing the tricuspid valve. It now proceeds upon
the iimer surface of the ventricle, and at the

origin of the pulmonary artery it assists in

forming the semilunar valves, and becomes con-
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tinuous with itt inner coat. If w« trace the

inner meiiibnine of the left side of tlie lieart

from tlie entrance of the pulmonary veins, we
find that, after lining llie auricle, it is continued
through the auriculo-ventricular opening, and
is there folded upon itself to assist in forming
the mitral valve. In the left ventricle it sur-

rounds the chordae tendinex and unattached
columnse camejE in the same manner as in the

riglit ventricle ; and at the origin of the aorta it

assists in forming the semilunar valve, and be-

comes continuous with the inner coat of the

artery. These membranes adhere intimately to

the inner surface of the heart by close cellular

tissue, and have their inner surface perfectly

polished and smooth. That of the left auricle

is tliicker than tliat of the right. They are

thicker in the auricles than in the ventricles.

In the ventricles, except near the origin of the
large arteries, they are exceedingly thin.

Nerves of the heart.—^The heart is supplied
ivith nerves from the sympathetic and par
vagura. The sympathetic branches come from
the superior, middle, and inferior cervical gan-
glia, and frequently also from the first dorsal

ganglion. The branches from the par vagum
come directly from the trunk of the nerve, and
indirectly from the recurrent or inferior laryn-

geal. The course of these on the right side

differs from those of the left in some respects,

and requires a separate description. These
nerves, like most of the other branches of the

sympathetic, are very irregular in their size,

number, and origin, so tliat it would be difficult

to find two subjects in which they are exactly

alike ; they are also very irregular in their

course before they reach the cardiac plexus,

but become more regular when they gain the

arteries of tlie heart, whose branches they ac-

company. These nerves, after forming diffe-

rent anastomoses and plexuses with each other

of the same side, converge at the upper and
back part of the arch of the aorta, where they
form a free anastomosis with those of the oppo-
site side, and then pass on to the heart. The left

cardiac nerves are sometimes much smaller

than those on the right side, so as to appear, as

in the dissection described by I^bstein,* merely
accessory to those on the right. On the other

hand the size of those on the left side may pre-

ponderate considerably over those on the right.

The proportional size of the different nerves of
the same side is also very various. When the

nerves of one side are sniidl, the deficiency is

made up by the greater size of those of the op-
posite side ; and when any particular branch is

cither unusually small or entirely wanting, its

place is supplied by the greater size of the

other nerves of the same side, or of those of the

opposite side. Tlie branches from the par
vagum, particularly those coming from the re-

current, vary also considerably in size. All
the sympathetic branches of the cardiac plex-
uses are of a gray colour, and are generally not
so soft as Scar))a has described them.
The right cardiac branches of the sympalhe-

' De Nrrvi Svmpathelici humani fabrics, &c.
pp. 16 & 18.

tic are generally three in number: Ist, superior

cardiac (tupremut et superficiatis cordis) arises

from the lower and inner part of the superior

cervical ganglion, or from the continuation X>t

the sympathetic between the superior and
middle ganglia, or from both these origins. It

generally also receives a filament from the par

vagum. In its course down the neck it lies

behind the sheath of the carotid artery. It

anastomoses with the external laryngeal nerve

and descendens noni, and sends a twig along

the inferior thyroid artery to the thyroid body ;

and at the lower part of the neck it sometimes

divides into two branches as figured by Scarpa,*

one of which unites itself to the middle car-

diac, the other forms an anastomosis with the

recurrent nenre of the same side. At other

times it passes into the thorax either in front or

behind tne subclavian artery, lakes the course

of the arteria innominata, and reaches the pos-

terior part of the arch of the aorta, where it

anastomoses with branches of the middle and
inferior cardiac nerves, or with branches of the

recun-ent. It more rarely appears to i)ass to

the cardiac plexus without any anastomosis

with the middle and inferior cardiac branches.

It frequently presents a ganglion in its course

down the neck.

Middle cardiac nerve.—Tliis nerve arises by
several short twigs from the middle cervical

ganglion. Tliis is generally the largest of the

cardiac nerves, and is named by Scarpa the

great or deep cardiac nerve (n. cardiacus me-
dius, J. projundus, s. magnus). It proceeds

downwards and inwards, crosses the subclavian

artery, sometimes in front, at other times it di-

vides into several branches, which surround the

artery and again unite. It anastomoses with

tlie branches of the recurrent, in the neigh-

bourhood of which it runs, also with the par

vagum, superior and inferior cardiac nerves

;

and following the course of the arteria innomi-

nata it passes behind the arch of the aorta to

terminate in the cardiac plexus.

Inferior cardiac nerve (n. cardiacus minor
of Scai-pa).—This nerve generally arises by fila-

ments from the inferior cervical ganglion, some-
times from the first dorsal ganglion, at other

times from both. It proceeds behind the sub-

clavian artery near to the recurrent nerve. It

follows the course of the innominata close to

the middle cardiac, with which it anastomoses,

and proceeds to join the cardiac plexus.

Left cardiac nerves.—Perhaps the differences

in the course of the right and left cardiac nerves

are principally to be attributed to the kno»vn

differences between the large arteries of the two
sides. The left superficialis cordis is figured

by Scarpaf as dividing a little above the arch

of the aorta into four branches ; two of these

pass in front of the aorta to form an anastomo-

sis with a branch of the par vagum and deep
cardiac ; a third also passes in front of the aorta

to unite itself with the middle cardiac; and the

remainder of the nerve proceeds behind the

arch to unite itself with the cardiac plexus.

* Tab. iii. Tabiilx Neurologicae, &c.

t Tab, iv. op. cit,

2r 2
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The left middle cardiac nerve is generally

smaller than the right, and is frequently partly

formed by a branch from the inferior cervical

ganglion. It passes behind the arch of the

aorta, sometimes in the form of a single trunk,

sometimes double, at otlier times triple, and

generally throws itself into the upper and left

part of the cardiac plexus.

Cardiac plexus (great cardiac plexus of

Haller) is i)laced behind the arch of the aorta

and in front of the lower part of tlie trachea,

extending from the arteria innominata to the

right bratich of the pulmonary artery, and is

formed by the convergence of nearly the whole

of the cardiac nerves of both sides, but more

particularly of the middle cardiac nerves.

There is occasionally a distinct ganglion at the

junction of these nerves; more generally there

is only a plexiform arrangement. From this

plexus a very few brandies pass upon the ante-

rior surface of the aorta (curdiaci superjiciales

aorta), and anastomose with the right coronary

plexus : some twigs also jiass backwards to

anastomose with the bronchial plexuses. By
far the greater part of the cardiac plexus pro-

ceeds to the heart in the form of two large

divisions to form the right and left coronary

plexuses which accompany the coronary arte-

ries. Where the right branch leaves the lower

part of the plexus there is a gangliform swelling

(ganglion of Wrisberg), which is occasionally,

however, very indistinct. Tliis ganglion fur-

nishes the greater part of the superficial plexus

of the aorta which we have just described. This
great right cardiac branch divides into two
parti; the smaller passes between the aorta and
pulmonary iu-lery to reach the right side of the

origin of the pulmonary artery, where it attaches

itself to the right coronary arteiy to form the

principal part of the right coronary plexus ; the

other and larger portion creeps under the pul-

monary artery to the posterior part of the heart,

to assist in forming the left coronary plexus.

The great left cardiac branch, which principally

comes from the upper part of the eaidiac plexus,

and at first passes from right to lefl posterior to

the ductus arteriosus, after which it is joined

by other smaller branches which pass in front

of the ductus arteriosus. It also divides into

two branches ; the smaller passes between the

aorta and pulmonary artery, and reaches the

origin of the right coronary artery, and throws

itself into the right coronary plexus ; the larger

bends round the posterior surface of the pulmo-
nary artery to reach the left coronary artery,

where it forms, with the larger branch of the

right, the left coronary plexus. There is thus

a free interchange of filaments between the

nerves of both sides. The left coronary plexus

is considerably larger than the right, in propor-

tion as the left side of the heart is thicker than

the right. These coronary plexuses consist of

a number of minute filaments which accom-
pany tlie ramifications of the coronary arteries

everywhere, and are distributed upon the sur-

face of the auricles as well as upon the ventri-

cles. They anastomose with each other upon
the anterior and posterior surface of the heart.

All the nerves of the heart enter into its sub-

stance upon the surface of the arteries, and
cannot be traced beyond the second or third

division of the arteries. The nerves of the

heart are generally considered to be small com-
pared to the size of the organ.* Though the

nerves of the heart are not equal in size to

those of the tongue and eye, yet Scarpa is

doubtful if they are not equal to the nerves of

the other voluntary muscles, as, for example,

the muscles of the arm. It must be remem-
bered that the minute subdivision and diffusion

of these nerves over a large extent of surface,

by which many of them can only be seen after

a minute examination, causes them to appear of

less size than what they collectively really are.

Soemmerring maintained that very few of the

nerves of the heart were distributed to the mus-
cular tissue of the heart, and that they more
properly belonged to the arteries :

" nervi car-

diaci proprie ad arterias, ad aortam et arterias

coronarias pertment, eaque filia subtilia nervo-

rum parum sibi (cordi) constant." -f
Behrends,

the pupil of Soemmerring, affirmed that not a
single twig went to the muscular tissue of the

heart, but that they were entirely distributed on
the coats of the arteries.| The announcement
of diese opinions, bearing so directly as they do
upon the Hallerian doctrine of the nature of

irritability, so keenly agitated immediately be-

fore throughout Europe, could not fail to create

considerable sensation at the time, and it is

probable that to this we owe the splendid work
of Scarpa upon the nerves of the heart, which

has entirely set the question concerning the dis-

tribution of these nerves at rest. Scarpa has

shown that when followed to their minute dis-

tribution, the nerves of the other muscles ac-

company the arteries in the same manner as

the nerves of the heart, and that the nerves of

the heart only differ from those of voluntary

motion in this, that the nerves accompanying
the arteries of the voluntary muscles are firmer

and thicker than those of the heart.

liloodvessels of the heart.—The heart is sup-

plied with blood by the two coronary arteries,

for a description of which see Aorta. The
blood is returned by the coronary veins. The
branches of the coronary veins generally accom-
pany those of the arteries. They are divided

into the larger coronary vein and smaller coro-

nary veins.

Great coronary vein (vena coronaria maxima
cordis).— This vein is formed by several

branches, three of which surpass the others

considerably in size. One of these lies in the

anterior lou<;itudiiial groove ; another runs along

the obtuse or left margin of the heart ; and the

third, which may be replaced by two or three

• Bichat in his Anatomic Gcn6rale says, *' that

the nervous mass intended for the mtisclea of orga-

nic life is much inferior to that of the voluntary

muscles. Tiie heart and deltoid muscle, on being

compared togeilier, display in this respect a veiy

considerahle ditTcrence.
'

t Corporis liumani fabrica, lom. v.

X Disserlatio qua demonstratur cor nervis carere.

After making this general sialenieiit, he admits, in

one part of his treatise, that he has traced two

twigs of the cardiac nerves into the substance of the

heart.



HEART. 597

smaller veins, runs along the posterior surface

of the left ventricle, between the obtuse margin
and |)osterior longitudinal groove. Tlie tirst

of these is frequently described as the trunk of
the vein, and it commences at the aiJex of the

heart, where it anastomoses with tlie smaller

posterior and anterior veins. It runs upwards
m the anterior longitudinal groove along with
the left coronary artery, gradually increasing in

size as it ascends, from the junction of the other
veins. When it reaches the base of the ventri-

cles it changes its direction, enters the groove
between the left auricle and ventricle, leaves

the coronary artery, passes from left to right in

the posterior part of the same groove, when it

becomes considerably dilated (sinus of' the co-
niiiiiiy vein). It then opens into the right

auricle at its lower and back part close upon
tlie [wslerior edge of the septum auriculorum.

Siiiullcr posterior coronary vein (vena cori>-

naria cordis minor).— It commences at the
a|)ex of the heart, runs up in the posterior lon-

gitudinal groove, or a little to its right side, and
receives its blood principally from the right

ventricle. It generally joins the sinus of the
coronary vein ; at other times it enters the auri-

cle separately immediately by tlie side of the
great coronary vein, so that its aperture is also

covered by the coronary valve.

Siniitter anterior coronari/ veins (verut inno-
tninulic of Vieussens).—lliese are very small
and variable in number, and are placed on the
anterior surface of the right ventricle. One of
these, larger than the others, (generally the su-
perior,) sometimes receives the name of ante-
rior vein of Galen. They frequently unite to
form a single trunk; more generally perhaps
they continue separate, |)ass in front of tne right

coronary artery as it lies in the auriculo-ventri-
cular groove, and enter the right auricle at its

anterior and inferior part. One of the musculi
pectinati overlaps their entrance, forniing a kind
of valve.

Verne minima, or veins of Thebesius, are
minute veins, which enter the auricle at various
|X)ints. It was maintained by Vieussens, The-
besius, and lluysch, that some of the coronary
veins opened into the left side of the heart,
thus producing a slight intermixture of the dark
blood with the arterial. This has been more
lately asserted by Abernethy,* and has been
supi)Osed to occur more frequently in phthisical
cases ; the difficulty of transmitting the blood
through the lungs causes their enlargement.
Such injections are liable to great fallacy, from
the great facility with which fine injections, or
even coarse injections when forcibly puslied
into the vessels, escajx: into the cavities of
organs. Especial care is, therefore, required in
conducting them. Notwithstanding that we
have the authority of some of the most accurate
anatomists in favour of this opinion, it is very
doubtful if any of these veins open into the left

side of the heart.t

• Philos. Trans. 1798.
Professor Jcfl'ray (Observations on the Heart,

&c, of the FiEtus, p. 2) mcmions a case in which
the large coronary vein opened into the left auricle.

Sinus of the coronary vein.—This is always

described as a dilatation of the large coronary

vein, but I have found it decidedly muscular iu

man and in several of the Mammalia, as the

dog, horse, ox, and sheep ; and it presents the

appearance of a muscular reservoir placed at

the termination of this vein, similar to the auri-

cles at the termination of the two cava*. This

sinus is placed in the posterior )»rt of the

groove between the left auricle and ventricle,

adheres intimately to the outer surface of the

auricle, and communicates by one exU'einity

with llie auricle, and by the other with the

large coronary vein. The commencement of
the dilatation is generally abrupt, and the first

appearance of the muscular fibres well defined.

I have seen it vary from two inches to only

half an inch in length. The.se muscular fibres

are generally circular ; part of them, however,

are oblique. Some of them belong exclusively

to the vein ; a great \yai\ appear to be connected
with the muscular fibres of the auricle. This
muscular sinus must .serve to prevent regurgi-

tation along the coronary veins. I have also

generally found a distinct valve at the termina-

tion of the coronary vein in the sinus. This
valve resembles the valves found in the veins

of the extremities. It is generally single, some-
times it is double. I have also occasionally

found one or more single valves in the course

of the vein.* A distinct valve may also occa-

sionally be seen at the termination of the pos-
terior coronary vein iu the sinus. Portalf
mentions that he has seen the coronary valve

situated in the interior of the vein a little from
its mouth. Thebesius and Morgagni have ob-
served valves placed in some of the smaller

veins where they terminate in the larger. The
valves of the coronary veins do not in general

prevent the passage of injections contrary to die

course of the blood along them.
Lymphatics of the heart.—Tlie lymphatics

of tlie heart are divided into two sets—super-

ficial and deep; the superficial commencing
below the external serous membrane, and the

deep upon the internal membrane. They fol-

low the course of the coronary vessels. Some
of them pass directly into the thoracic duct,

and, according to Meckel, sometimes directly

into the subclavian or jugular veins. Others
pass into the lymphatic glands situated in front

of the arch of the aorta, while others pass into

the glands situated around the bifurcation of

the trachea, and a few also join the lymphatic

vessels of the lungs.

Pericardium.—The pericardium is a fibrous

Lecat nHha. de I'Aead. des Scien. 1738, p. 62)
found the coronary veins in a young child unite

themselves into a single trunlc and enter the left

subclavian. It is probable thai iioeminerring had
this case in view when he states, •* Rarissime vena
hxc in vena subclavia dextra iinitur/' (ile corp.

hum. fab. tom. v. p. 340, 1800.) particularly a>

Haller, (Element. Phys. tom. i. p. 375, 1757), in

quoting the case, has inadvertently substituted the
word dejctm for sinistra.

' I have seen two or three pair of double valve*

in the course of the coronary vein in the horse and
ass. These animals have no Thebesian valvo.

t Aaatomie Medicate, tom. iii.
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bag surrounding the heart and origin of the

large bloodvessels, but without any direct

attachment to the heart itself, having its inner

surface lined by a serous membrane. It is

from this latter circumstance that it is generally

termed a fibro-serous membrane. It is placed

belimd the cartilages of the second, third, fourth,

and fifth ribs of the left side and middle part

of the sternum. Posteriorly it rests upon the

parts contained in the posterior mediastinum

;

anteriorly it corresponds to the anterior medias-

tinum, and may be reached by perforating the

left side of the sternum, as has been proposed

in some cases of hydrops pericardii. The
pleura; adhere to its lateral and part of its

anterior surface by pretty close cellular tissue,

when the interposed fat is small in quantity.

The phrenic nerves virith their small accom-
panying arteries pass down the thorax between

the pleurae and lateral surfaces of the pericar-

dium. Below, the fibrous part of the pericar-

dium adheres intimately to the upper surface

of the cordiform tendon of the diaphragm, and
is also connected by pretty dense cellular tissue

to the upper surface of the muscular fibres

running into the anterior part of the left lobe

of the tendon. It adheres more firmly to the

cordiform tendon at the edges, particularly

anteriorly, than at the centre. It is broader

below where it adheres to the upper surface of

the diaphragm, narrower above where it is

attached to the lar^e vessels that pass in and
out from the heart. Upon these large vessels

the fibrous part of the pericardium is prolonged,

forming a kind of sheath, which gradually be-

comes thinner until it is confounded with the

cellular coat of the vessels. From the manner,
however, in which the vena cava inferior enters

the heart, it can have no fibrous sheath of this

kind. At the different points where the fibrous

coat becomes applied upon these vessels, and
where the cava inferior passes through the

cordiform tendon, the serous coat is reflected

upon the outer surface of the vessels, and
accompanies them back to the heart to cover

the outer surface of that organ. In this man-
ner the serous part of ttie pericardium is a shut
sac, the outer surface of which adheres to the

inner surface of the fibrous portion, and to the

outer surface of the heart. The inner surface,

like that of all the other serous membranes, is

tinadlierent, smooth, and shining, and is every-
where in contact with itself, and only contains
the small quantity of fluid which serves to

lubricate its interior. The serous portion of
the pericardium adheres intimately to the inner
surface of the fibrous. At that part, however,
where the serous leaves the fibrous to pass

back upon the surface of the large vessels,

there is a small triangular space left between
them. The serous membrane is reflected upon
and covers the outer surface of the aorta rather

more than two inches above its origin; upon
the pulmonary artery about the same distance

and immediately before its bifurcation ; upon
the cava superior about an inch above its

et]trance into the right auricle; upon the cava

inferior shortly before it reaches the heart ; upon
the two right pulmonary veins soon after they

have emerged from the right lung; and upon
the lefl pulmonary veins shortly before they

enter the auricle. This serous membrane, in

passing upon the aorta and pulmonary arteries,

covers the anterior surfaces of botli before it

passes round upon their posterior ; it then en-

velopes both arteries in the same sheath, so

that their opposed surfaces are only separated

from each other by a little cellular tissue. It

leaves part of the posterior surface of the cavse

and pulmonary veins uncovered, occasionally,

however, enveloping the whole or nearly the

whole, of the left pulmonary veins. It adheres

but loosely to the large bloodvessels, and firmly

to the outer surface of the auricles and ven-

tricles. The attachment of the fibrous part to

the cordiform tendon is vei-y firm at the edges

and blended with the tendon, but becomes

looser towards the centre. Cloquet* describes

the serous membrane as lying in contact with

the upper surface of the cordiform tendon ; or,

in other words, he appears to consider the

fibrous part not to be prolonged over the upper

surface of the tendon, but to stop at its attached

margin. In most cases I have been able to

trace the fibrous part of the pericardium over

the upper surface of the cordiform tendon, but

almost always more or less diminished in thick-

ness. In some cases I was unable to detect

anything like a fibrous layer at this ])ait. The
fibrous part of the pericardium is comparatively

thin, and is composed of tendinous fibres

interwoven together. It is not much larger

than sufficient to contain the heart when its

cavities are distended. This fact taken along

with the physical properties of the membrane,

not admitting of sudden dilatation, explains

how the sudden escape of a small quantity of

blood (8 oz. or sometimes less) into the interior

of the ])ericardiura is sufficient to arrest the

heart's action.

The arteries of the pericardium are small and

come from various sources, from the bronchial,

oesophageal, phrenic, from the arteries of the

thymus gland, internal mammary, coronary

arteries, and the aorta itself. Its veins partly

terminate in the azygos, and partly accompany

the corresponding arteries to terminate in the

veins of the same name. Its lymphatics pass

to the glands placed around the cava superior.

The nerves can be traced into its texture.

Uses of the periairdlum.—The pericardium

restrains within certiiin limits the irregular

movements of the heart. The inner serous

surface of the pericardium must also facilitate

its ordinary and healthy movements.

lielulive position of the vessels within the

pcru-ardinm.—The pulmonary artery at its origin

overlaps the anterior surface of the aorta as it

springs from tlie left ventricle. (See./»g. 276, s,

for the lelative position of these vessels at their

* Traitc <i'.4natomic Descriptive, p. 633, trans-

lated by Knox. Cloquet docs not state distinctly

that the fibrous part of the pericardium is not con-

tinued over the cordiform tendon, but this may be
inferred from the statement that the serous mem-
brane " is applied below, directly and in a very

close manner upon the aponeuroses of the dia-

phragm,"



HEART. 599

origin.) It then proceeds into the concavity of
(lie arch of the aorta, and as it is abjut to pass

through tlie tibroiis coat of the pericardium, it

divides into its two branches, the right and
left. The left branch passes in front of the

descending portion of the arch of the aorta to

reach the left lun;;; the right branch passes

behind the ascending portion of the arch to

reach tlie riglit hing. In tlie fatus the pulmo-
nary artery divides into three branches, the
two we have just mentioned, and a third, the
ductus arteriosus, which unites the pulmon.ary
arlery to the descending portion of tlie arch,

—

in other words, after the aorta has given ofl' the

large branches to tlie head and superior extre-

mities. The descending cava, immediately
before it perforates the fibrous coat of the peri-

cardium, crosses the right branches close ui«)n
the bifurcation of the trachea ; within the [>eri-

cardium it lies on the right side of the ascend-
ing portion of the arch of the aorta. Tlie

inferior cava is seen i)eiforating tlie cordiforra

tendon of the diaiihragm, and almost imme-
diately afterwards it enters the posterior and
inferior angle of the right auricle. The pul-
monary veins are jilaced inferior to the two
branches of the pulmonary artery. The two
right pulmonary veins pass behind the right

auricle to reach the left, which they enter near
Uie septum auriculorum.

Pecuiiuritics of the fatal heart.—(For an
account of the developement of the heart and
large bloodvessels see Ovim.) The lieait of

the foetus before the fourth month is placed
vertically, but towards that period the apex
begins to turn towards the left side. The
auricular part of the heart is considerably larger

in proportion than the ventricular. Tlie relative

size of the heart to the body at birth differs

considerably from that of the foetus at an earlier

period of its develo[)ement. According to

Meckel the relative size of the heart to the

body about the second or third month of uterine

life is 1 to 50; at birth and for a few years

afterwards as I to 120. The greater size of the

heart of the foetus seems to depend principally

upon the greater tliickness of the walls of its

cavities. The great disparity between the thick-

ness of the two sides so very apparent shortly

after birth does not exist in the earlier periods
of uterine life, though also generally sufficiently

well-marked in the'fottus at the full time. This
is explained by the circumstance that the two
sides of the heart at this ))eriod have nearly
e<jual obstacles to overcome in propelling the
blood.* In the earlier stages of its deve-
lopement the infundibuliform portion of the
right ventricle is less prominent than at a later

fieriod. The left ventricle is at first a little

arger than the right ; at birth and for a short
wliile after they are equal. The two auricles

communicate vfith each other tlirough the fora-

• In two fretusca, however, which I lately exa-
mined, and where I had positive evidence that
they had not yel reached the sixth month of utcro-
gestation, the difference hetwccn the thicltness of
Ihe two ventricles of the heart w«s distinctly
marked.

men ovale.* This foramen it at ilg maximum
size about tlie sixth month.

Valve of the f'oiawen ovale.—Tliis valve,

which, however, can scarcely be called a valve,

as it is a provision for effecting the obliteration

of the foramen ovale at the time the child

assumes its independent existence, first makes

its appearance at the lower part of the foramen

about the third month, or, according to Senac

and Portal, about the second month. It is

formed by the inner membranes of the two

sides of the heart, containing some muscular

fibres between them, jiarticularly at its lower

part. It is of a semilunar form; its convex

edge adheres to a greater or less portion of the

margins of the valve as its growth is more or

less advanced ; its concave margin, which is

free and loose, looks upwards and forwards.

This valve may be said to belong almost exclu-

sively to the left auricle, as it is attached to

that margin of the foramen.f Though this

valve is of sufficient size at birth to shut the

foramen, yet its concave or upper margin is

easily depressed so as to leave a considerable

interval between it and the upper margin

of the foramen. VVe will find, from the man-
ner in which the valve is atujched to the left

margin of the foramen, that it is much more
easily depressed by a current pjissing from the

right auricle into the left than in the opposite

direction. In fact any force of this kind ap-

plied in the opposite direction would rather

tend to keep the valve applied to the upper

edge of the opening; a circumstance which

occurs after birth when the blood flows along

the pulmonary veins into the left auricle, and
which must materially assist in producing com-
plete obliteration of the foramen. The manner
in which the blood passes between the auricles

through the foramen ovale in the foetus was the

subject of a violent controversy in France at

the termination of the seventeenth and the

commencement of the eighteenth centuries. It

was first commenced between Meri on the one
side, who had proposed a new theory of the

foetal circulation by which the blood was made
to pass from the left auricle into the right, and
by Duverry and Fauvery on the opposite side,

who maintained the opinion of Harvey, and
which is now universally adopted, that it pas.scs

from right to left. Many celebrated anatomists

and mathematicians attached themselves to the

opposite parties, and at last the controversy

extended itself to the neighbouring kingdoms. J

Eustachian valve.—This valve, tlie appear-

ance and position of which have been already

* This opening is frequently termed trou de Botal

by the French writers tliough descrihed by Galen.

t This explains how the depression (fossa ovatis),

marking in the adult the position of the valve,

should bo better seen from the right than the left

auricle.

i Those who may be anxious to acquaint them-
selves more fully with the nature of this contro-

versy and to examine the arguments ailduced on
both sides may consult the iMemoires de I'Acadcmie
for that period, and Senac's Traite de la Structure

du Coeur, torn. i. p. 369, and the Supplement in

torn. ii.
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poiiUed out in describing the interior of the

riglit auricle, is ulso intimately connected witli

the peculiarities of fretal life. It was discovered

by Eustachius about the middle of tlie six-

teenth centiuy, who contented himself by point-

ing out its position. Little attention was paid

to it nntd tlie commencement of the eighteenth

century, when it w:i.s more particularly brouglit

into notice by Boerhaave and Lancisi, who
published a new edition of the works and

jilates of Eustachius, which had then become

very scarce. Lancisi supposed that this valve

prevented the blood of tlie superior cava from

falling with too much force upon the column

ascending by the Cixva inferior. VVinslow,*

finding it only perfect in the fcetal state, and

having cause to believe that its diminution kept

pace with the increiise of the valve of the

foramen ovale, was led to adopt the opinion

that its presence had a special reference to that

state, and believed that it not only served to

break the current of the superior cava as slated

by Lancisi, but also opposed the regurgitation

of the blood of the auricle into the inferior

cava. In the absence of this valve he supposed

there would arise two inconveniences in the

fcEtus—the imperfect intermixture of the con-

tained blood, and the regurgitation of die blood

of the umbilical vein into die placenta. Senacf

believed that the Eustachian valve can have no

effect in preventing the blood of the cava supe-

rior from falling upon the current ascending by

the cava inferior, and that it must direct a part

of the blood of the cava inferior through the

foramen ovale. SabatierJ more particularly

pointed out that from the position of this valve

passing from the anterior and left part of die

vena cava inferior to the left side of the foramen

ovale, and from the situation of the foramen

ovale at the inferior part of the auricle, the

blood of the cava inferior must be directed

through the foramen ovale; and further, from

the difference in the direction of the two cava

themselves— die superior looking downwards,

forwards, and to the left side, while the inferior,

though it is also slightly directed to the left,

passes at the same time upwards and back-

wards, when combined with the upper thick

margin of die foramen ovale.—it would neces-

sarily ha])pen that the blood of die superior

cava must fill the right auricle.

In three injections of the foetal circulation

which I performed, where arrangements were

made to imitate, as far as possibly could be

done, the manner in which the two currents

flow into die heart during the life of the foetus,

results were obtained confirmatory of the opi-

nion of Sabatier.5 This arrangement cannot

of course exist in the early months of uterine

• Mcmoircs dc I'Acad. Roy., anncc 1717.

t Op. cit. torn. i. p. 228.

j Traitc coniplcc d'Anatomie, torn. ii. p. 224.

§ Kdiubiirgh Medical and Sur|^ical Journal, 1835.

These injections arc also confirmatory of one in.adc

by Kilian, where the fluid thrown along the aorta

passed to the head and superior extremities, and
that along the pulmonary artery to the lower part

of the body.

life from the imperfect developemcnt of die

heart itself, and in all probability part only of

the blood of the inferior cava is transmitted

through the foramen ovale into the left side of

the heart for a short time before birdi. The

pulmonary veins appear to bring very little

blood to die left side of the heart until the time

approaches diat die foetus must necessarily

assume an independent existence. The circu-

latory apparatus becomes gradually prepared

for this change ;—the Eustachian valve begins

to shrink, the foramen ovale to diminish in size,

and a greater quantity of blood is transmitted

through the lungs. Billard* has ascertained

from the examination of the bodies of a great

number of infiuits who died within a few days

after birth, diat die foramen ovale and the other

circulatory passages' peculiar to the fietus are

generally shut about die eighth day after birth.

In nineteen infants who had lived only oiie

day die foramen ovale was completely open in

fourteen ; in two it had commenced to become

obliterated, in the remaining two it was com-

pletely shut. On the subsetiuent days Ute

number of those with the foramen shut con-

tinued to increase; and in twenty examined,

who had died on die eighth day, five only had

the foramen open.

PuYSIOI.OCy OF THE HEART.

Mode of action ofthi valves of the heart.—
While the blood is rushing through the auri-

culo-ventricular openings during the contrac-

tion of the auricles, the lips of the mitral and

tricuspid valves are separated from each odier

and thrown outwards from the axis of the

opening, and the larger lip of bodi is at diis

lime carried towards die arterial orifices. It

has generally been supposed that the mitral and

tricuspid valves are, during the systole of die

ventricles, passively floated up towards, and

obstruct the auriculo-venlricular orifices so as

to prevent the free regurgitation of the blood

into die auricles ; and that die use of die cordiE

tendineae is merely to limit the movements of

the valves,—to jjermit them to be raised suffi-

ciently to close the orifices, but at the same

time to provide against die otherwise unavoid-

ably fatal consequences diat would result from

diese unresisting valves being carried dirough

into die auricles by the current of blood. Mayo,

Bouillaud, and others have, however, main-

tained diat the lips of these valves are not

approximated in the mechanical manner just

stated, but by die conuaction of the musculi

papillares of which the cordse tendinea; are the

proper tendons. As die musculi papillares

contract along with the other fibres of the ven-

tricles, the lii>s of die valves are drawn towards

the axis of the opening, and are closely applied

to each odier, forming a kind of cone, the apex

of whicli projects downwards into the ven-

tricles. It is from the adoption of diese views

that Bouillaud proposes to call these musculi

papillares, the tensor, elevator, or adductor

muscles of die valves. That die lips of the

• Traite des Maladies dcs Enfans nouvcau-ncs,

&c., p. 557, 1828.
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valves are approximated in tliis maimer appears

to ine to be the niiicli more probable opinion

;

for when we examine the uniform position and
course of the musculi papillares and cliordse

tendincae, more particularly those of the left

ventricle ; that the chordae tendinete pass from
each musculus papillaris to both lips of the

mitral valve, occiisionally crossing each other;

aii<l that the posterior or smaller lip, though
it may be drawn inwards so as to meet the

larger and more movesible, is so bound down
as to be scarcely capable in most cases of being

floated up on a level with the oritice ; and
further, when we also remember that the mus-
culi papillares contract at the same time with

the other fibres of the heart, we can scarcely

resist coming to this conclusion. Besides, if

the lips of the valves were floated up to tlie

orifice, a greater quaniily of blood would regur-

gitate into the auricles during the systole of the

ventricle than in all likelihood takes place;

for as the lips of the valve must be widely

separated from each other when the systole

commences, it is evident that a less quantity

of blood must have passed through the orifice

befoie the li])s are sufficiently approximated to

obstruct its further passage wiien these are

assisted by an active force, than when they are

merely passively brought together by the cur-

rent of blood passing in that direction. It has,

however, been supposed that the musculi

papillares do not contract with the other fibres

of the ventricles. Ualler states* that on laying

open the heart he ha.s seen the muscles of the

valves contract during the systole of the heart.

It may be objected to this experiment that the

unusual stimulus applied to the heart in cutting

its fibres across may have deranged the usual

order of its contractions. 1 have repeatedly

opened the heart in rabbits and waited until its

contractions had ceased, and on renewing its

movements by irritating the inner surface at a

distance from the cut edges, 1 have observed

that the columna! carnea; acted simultaneously

with the other muscular fibres of the heart.-f- I

was also satisfied that the musculi papillares

were proportionally more shortened during their

contraction than the heart itself taken as a
whole, which is nothing more than what we
would expect when we remember that the fibres

of the musculi papillares are so far free and
run longitudinally, while by far the greater part

of the other fibres run in a spind manner.
llaller, in relating his observations on the

contraction of the musculi papillares, makes
another statement, which, however, isdecidedly

adverse to this opinion. The chordte tendinese

apjx^ared to liim to be relaxed during the con-
traction of the musculi papillares.

It is difficult to make satisfactory observa-

tions upon the effects of the contractions of the

• Elements Physiolog. torn. i. p. 390. Sur le

Mouveiiient du saQg, p. 129. Mcmoires sur la

Katuro sensible, torn. i. p. 379.
t

I
'Pile observations of the London Committee

appointed by the British Association to examine
into tlic motions and sounds of the ticart contirmed
this view of the simultaneity of contraction of the
columux caiueie and ventricular fibres.—Eo.]

musculi papillares upon the tension of the

chordae tendincae. In several animals u|ion

which we attempted to ascertain this, it was
only when the he;ui was acting languidly that

we could observe what was likely to be the

effect of the contraction of the musculi (xtpil-

lares on the chorda; tendines when they were

placed as far as possible in their natural rela-

tion to each other. We could never observe

that they contracted sufficiently to move the

valves, but they certainly rendered some of the

chorda: tendineiE more tense. When, however,

we take into account, that in an experiment of

this kind, the valves are not thrown out widely

from the orifices of tlie auriculo-veutricular

orifices, the ventricle is not distended with

blood, the chordae tendineae consei)uently not

put so far on the stretch as occurs at the com-
raencement of the systole, and that the con-

tractions of the musculi papillares are languid,

we can easily perceive how, in the natural

systole of the heart, these contractions of the

musculi papillares should be sufficient to move
the valves inwards, though not to such an extent

as to apply them closely to each other. The con-
traction of these musculi papillares apparently

sets the valves in motion, and they are subse-

quently applied to each other by the currents

of blood. It may be supjxised that if the con-

traction of these musculi papillares can render

the chordte tendinese sufficiently tense to move
the valves, this would prevent the subsequent

elevation of them to obstruct the auriculo-

ventricular opening. We believe, however,
that it is only at the commencement of the

systole that they are sufficiently tense to move
the valves, for as the contraction proceeds the

capacity of the heart is so much diminished,

both in its transverse and longitudinal dimen-
sions, that they become relaxed. liesides, if

we could suppose that these musculi papillares

are ca]>able of contracting through a sufficient

space to draw the valves togedier, this would
be all that is necessary to prevent the regurgita-

tion of the blood through the auriculo-ventri-

cular opening.*

So convinced, indeed, were the older anato-

mists and physiologists that the chordae tendineac

are relaxea during the systole of the heart, and
of the necessity of an accompanying diminution

of the length of the ventricles themselves to

effect this, that this argumentadduced by Bassuel

ap]>ears to have been principally instrumental

in deciding the once keenly controverted ques-

tion whether or not the heart was elongated

during its contraction.f

* All these experiments upon the action of the

columns camecc were finished and the article

forwarded to London about ttic middle of June,

1836.

t Mr. T. W. King in an elaborate essay (Guy'a
Hospital RoporU, No. iv. April 1837,) has pointed

out what he conceives to be a ** safety-valve func-

tion in the right ventricle of the human heart."

This view is founded upon the fact which he be-

lieves that he has ascertained, " that the tricuspid

valve, naturally weak and imperfect, closes less

and less accurately, according to the increasing

degrees of the ventricular distention." From this

he is " couviaccd '.bat, io all cases in which the
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It may be supposed that the relative size of

the auriculo-veiitiicular orifices to the length of

the lips of the valves would not admit of their

apices being brought together in the form of a

cone as described, but it must be remembered
that from the course of the muscular fibres in

the immediate neighbourhood of tliose open-

ings, their areas must be diminished during

the systole of the heart. There is at least one

thing certain connected with the action of these

valves, viz. that the contraction of the musculi

papillares can never cause the valves to strike

the inner surface of the ventricle and produce

a sound as has been supposed.

The manner in which the semilunar valves

at the origin of the aorta and pulmonary artery

perform their office is entirely niechaiucal and
easily undei-stood. During the systole of the

heart they are thrown outwards from the axes

of these vessels ; but during its diastole, when
part of the blood driven into llie artery would
fall back into the ventricles, these valves are

thrown inwards and obstruct completely the

whole calibre of the arteries. In all probability

the sinuses of Valsalva placed behind these

valves contain a certain quantity of blood even

during the systole of the heart, and this re-

acting upon the valves through the agency of

the elasticity of the arteries brought into opera-

tion at the termination of the systole, materially

assists in producing the more rapid and certain

action of the valves.

Movemaits of the heart.—The heart is a

muscle of involuntary motion, being, for the

wisest of purposes, placed beyond the direct

control of volition. The case of Colonel

Townshend* is of too obscure a nature to

entitle us to found upon it an opposite doc-

trine, more particularly as it is at direct variance

with every other fact or observation.

The movements of the heart, when the body
is at rest or in a state of health, ])roceed with-

out our consciousness. In certiiin cases of

disease they are attended by uneasy feelings,

but they are never at any time or under any
circumstances dependent upon sensation for

their continuance.

It is not so easy a matter as may at first be
imagined to ascertain the order of succession

in which the different cavities of the heart con-

tract and dilate, and the different circum-

stances which attend these movements, even

by experiments on living animals, more par-

ticularly the warm-blooded animals ; for if the

heart when exposed is acting vigorously and
rapidly, every one who has examined for him-
self must have felt the exceeding difficulty of

following and analysing these movements by

right ventricle is, in any material degree, tempo-
rarily distended or permanently dilated, the heart
and lungs arc relieved by a considerable reflux of

the ventricle's contents into the auricle and sys-

temic veins." In experiments upon the lower
animals I have repeatedly seen llic right ventricle,

when gorged with blood and acting feebly, empty
itself through an opening in the jugular vein,
Edinb. Med. and Surg. Journ. 183(i.
* Cheyne's English Malady, p. 307. 1734,

London.

the eye. If, on the other hand, the animal

has become debilitated and the movements of

the heart languid, these are apt to deviate from

their natural order, and to be performed in an

irregular and unnatural manner.* It is in this

way that we can account not only for the dis-

crepant statements of the older observers, but

also for the very frequent announcement of

new views on this subject which appear in the

medical jieriodicals of our own day. As we
will find that many of these theories connected

with the physiological actions of the heart even

in the present day, have been founded upon
false notions of the normal anatomy and na-

tural movements of the organ, and only require

a reference to these for their full and satis-

factory refutation, it will be necessary that we
attend particularly to the manner in which
these diHereiit contractions and relaxations suc-

ceed each other, and tlie visible phenomena
by which they are accompanied, as observed

by the most accunite experimenters.

\\ hen the heart of a living animal is ex-

posed and the organ is acting in a natural

manner, the auricles are observed to become
distended with blood, then to contract rapidly

and simultaneously, and propel part of it into

the ventricles; this is accompanied with a

corresponding enlargement of the ventricles,

which is immediately followed by their simul-

taneous contraction and the propulsion of their

blood along the large arteries ; then follows a

pause, during which the auricles become gra-

dually distended by the blood flowing along

the veins. When the auricles are filled, they

again contract, and the same train of pheno-

mena just described occur in uniform succes-

sion.

Systole and diastole of the auricles.— The
contraction or systole of the auricles is pre-

ceded by their relaxation or diastole. During
the diastole the auricles become distended with

the blood flowing along the veins. The com-
mencement of the diastole occurs during the

contraction of the ventricles; the latter part

corresponds to the pause in the heart's action,

and to the interval between the recurrence of

the sounds of the heart, and is more or less

long in proportion as the blood flows more or

le.ss rapidly along the veins.

The systole of the auricles is performed with

great rapidity when the action of the heart is

still vigorous, and appears to be effected by
the simultaneous contraction of all its fibres.

The terminations of the cava; and pulmonary
veins are seen to contract simultaneously witli

the fibres of the auricles, but sometimes ihey

are seen to contract previous to the auricles,

into which they expel their blood. In the cold-

blooded animals this contraction of the ter-

minations of the large veins extends over a

greater surface, and is visible in tlie venae he-

• The illustrious Harvey thus describes the dif-

ficulties which he experienced in his first attempts

to analyse the movements of the heart :
" ita ut

modo hinc systolcm, illinc diastolem, nioHo c con-

tra, modo varios, modo confusos fieri motus me
cxistiiuarom ccrnere."
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paticsE.* Judging from the number of mus-
cular fibres wliicli surround the termination of
the pulmonary veins in the human sjiecies,

wc would expect these contractions to occur to

a greater extent in these veins than in the cavse.

These contractions in the veins must assist the

vis u tcrf-o, or the force with which the column
of blood Hows along the veins towards the

heart, in limiting the regurgitation along these

during the contraction of the auricles. This

regurgitation along the veins appears to be to

a small extent only when the circulation is pro-

ceeding in a natural manner, but becomes con-

siderable where there is any impediment to the

free [lassage of the blood into the ventricles,

and when the blood becomes stagnated in the

veins. When the actions of the heart are en-
feebled, the contractions of the auricles are

slower, and may become more or less vermi-

cular, as I have myself occasionally observed.

Two or more contractions of the auricle may
also now be necessary before the languid ven-

tricle can be excited to contraction. When
the action of the heart is still more enfeebled,

particular portions only of the auricles con-

tinue to contract. According to the obser-

vations of Harvey, Lower, Senac, Ilaller, and
otiiers, the contractions of the auricles are per-

formed with considerable force.

Harvey states that he has observed that if the

finger is applied to the ventricles in those cases

where the action of the auricles continues after

the contractions of the ventricles have ceased,

a distinct beat is felt in tlie ventricle at each

stroke of the auricle ; and Senac, in quoting

this, adds (evidently from his own observation)

that it is similar to the pulse in the arteries.

Senac also states that if an opening be made
into the apex of the heart under those circum-
stances, a jet of blood rushes through it at

each stroke of the auricle. He, however,

admits that the contraction of the auricles in

the.se cases is not suHicient to dilate sensibly

the walls of the ventricles, but, of course, very

considerable allowance ought to be made for

the enfeebled state of the auricles at this stage

of the ex])eriment.-)- In the exjieriments of
Dr. Hope, Mr. Carlisle, M. liouillaud, and
the Dublin Committee for investigating the

cause of the sounds of the heart, the contrac-

tion of the auricles appeared to be compara-
tively trifling, and was most apparent in the

appendices. From my own observations upon
rabbits and dogs I am convinced that the au-

ricles contract considerably more when the

movements of the heart are proceeding in a

nalunil manner, than some of these last expe-

riments would lead us to believe, and that this

contraction is not confined to the appendix,

• The contractions of the different parts of the
heart in cold-blooded animals have been observed
to occur in the following order : first, the termin-
ation of the large veins, then the auricles, then
the ventricles, and, lastly, the bulb of the aorta.

t I have convinced myself of the accuracy of
these statements of Harvey and Senac in expe-
riments upon dogs opened soon after they had been
deprived of sensaiiou.

but extends over the whole auricle. Wlien

the circulation through the lungs becomes im-

peded, the right ventricle is then unable to

empty itself, and the auricle of the same side

(and this is the one that is most generally ob-

served in such experiments) is consequently

impeded in its movements. The auricles do
not certainly exert the force or contract to the

extent which some have stated, do not ex-

pel the whole of their contents, and their

diastole is comparatively feeble; but that none

of the muscular fibres of the auricles are pas-

sive, but exert a force projiortionate to their

strength, we have evidence both from expe-

riment and the effects of disease. In some
of those cases where an impediment to the

passage of the blood from the auricle to the

ventricle exists, all the muscular fibres of the

auricles become much increased in thickness

and in strength. As the left auricle has natu-

rally greater difficulties to overcome in pro-

pelling its blood than the right, so we find tliat

the left auricle is considerably more muscular

than the right.' The ap^iendix from its being

loose, and supplied by a band of longitudinal

fibres drawing it backwards, must enjoy a freer

motion than the other parts of the auricle.

Si/stole and diastole of the ventricles.—
When the heart is acting vigorously, the con-

traction of the ventricles succeeds immediately

upon that of the auricles, so that they some-
times appear continuous; or, in other words,

the sudden distention of the ventricles by the

blood propelled into them during the systole

of the auricles is rapidly followed by the con-

traction of the ventricles. The systole of the

ventricles must occur during the diastole of the

auricles. As we are only sensible of the sys-

tole of the ventricles firom external examination

during life, the expression systole of' the henrt

is always employed as synonymous with the

systole of the ventricles. When the action of

the heart is a little less active, an apparent in-

terval is observable between the completion of

the contraction of the auricles and the com-
mencement of the contraction of the ventricles,

—the irritability of the ventricles being at this

time somewhat impaired, their contraction does
not so quickly follow their sudden distention.

The ventricles during their systole are dimi-

nished in all their dimensions; the apex is

drawn upwards to the base and tilted forwards

so as to strike the parietes of the thorax be-

tween the cartilages of the fifth and sixth ribs.+

* In the case mentioned by Allan Rums, where
an ossitic deposit covered the whole surface of the
ventricles, so as to entirely, or nearly entirely, pre-

vent their action, the auricles must have per-

formed part of their functions for some time before
death. In one of the experiments of Dr. Wil-
liams, of London, upon asses, he observed the

circulation along the arteries continue although
the ventricles were quiescent, and the auricles

alone contracted.

t
** Dr. C. J. B. Williams has, in a lecture lately

published in ibe Medical Gazette (July 28, 1B38,

p. 65)2,) pointed out that, during a deep inspira-

tion, the ribs arc elevated without raising the heart
in the same degree, and the impulse may bo felt
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The parietes of the ventricles at tliia time are

firm and resisting, and present some ruga; on

their outer surface. Ilaller* states tliat tliough

the principal movement of the ventricles du-

ring their systole is from the apex upwards,

yet he has sometimes obsened a slight but dis-

tinct movement from the base downwards. The
contraction of the ventricles is performed with

great force, and, when vigorous, appears to be

accomplished by the simultaneous action of all

its fibres; but at other times, when it has be-

come enfeebled, it has been observed to com-

mence at the apex and extend itself upwards.

The diastole of the ventricles consists of two

distinct stages. The first, which immediately

follows its systole, is sudden, the apex being

pushed downwards and ajjparently passing

deeper into the chest, and is occasioned by the

return of the heart to its state of rest. The
second is also sudden, and attended by a rapid

but not very extensive enlargement of the heart

in all its dimensions. The parietes of the

Iieart are soft and flaccid, and their external

surface smooth during their diastole. The
diastole of the heart is performed with con-

siderable force, so thatPechlin, Perrault, 11am-

berger, and others long ago maintained that

this equally with the systole is the result of a

vital action. This opinion was again revived

by Bichat, Dumas, and their followers, and is

still introduced by some into the discussions

upon the movements of the heart. Before

we can admit an opinion of this kind, it

would be necessary that very strong evidence

be adduced in its favour, as it is at perfect

variance with all that we know of the arrange-

ment of the fibres of the heart, and of the

laws of muscular contractility .f

Oesterreicher:^ has performed the following

experiment, which appears nearly decisive on

this point. When a body is placed on the

heart of a frog heavy enough to press it flat,

but sufficiently small to allow the heart to be

observed, it will be seen that the body will be

lifted during the contraction of the heart, but

that during its extension it will remain flat.

From thi.s it apjjears that the extension of the

heart after the contraction is not a muscular

act. The diastole of the heart depends then

upon two circumstances. 1st, Upon the na-

tural elasticity of the organ, which it possesses

in common with every other muscle, and by
which it instantly resumes its state of rest as

soon as its contraction has ceased. This, which
is usually termed the relaxation of a muscle in

whatever part of the body it occurs, must be

expected to be more energetic in the heart than

below the sixth rib. On the other hand, when the

ribs arc depressed, as during a deep expiration,

the apex of the heart may be felt beating between
the fourth and fifth ribs."

• El. Phys. torn. i. p. 400.

t Scharsclimid supposed that certain pretended
longitudinal fibres^by shortening the heart enlarged

its cavities, while the transverse fibres by contract-

ing separately diminish its capacity.

t Miilltr's llandbuch dtr I'hysiologic dcs men-
schen, Erstcr Band, p. 163.

in the muscles of voluntary motion, as from
the arrangement of its fibres a great part must
be more strongly compressed. This occurs

during the first of the two stages into which
we divided the diastole. 2d, Upon its sudden
distention during the contraction of the auricles,

when we have every reason to believe that the

ventricles are completely passive. This con-

stitutes the second stage of the diastole. Tlie

blood must then pass from the auricles into

the ventricles during each diastole at two dis-

tinct periods of time, corresponding to these

two stages. During the first stage, or the re-

laxation of the ventricles, it flows from the

auricles to fill up the vacuum produced in their

interior; while, during the second stiige, it is

forcibly propelled by the auricles. It would
be diflicult to estimate the relative proportion

of these two quantities of blood. Those who
suppose that the contraction of the auricles is

feeble must consequently believe that most of
the blood passes from the auricles into the ven-

tricles during the first stage.

It has been long disputed whether or not the

ventricles empty Uiemselves completely during

each systole. It is very difficult to perceive

anything like correct data upon this point in

the warm-blooded animals with opaque hearts;

but reasoning from analogy, from what we see

in the cold-blooded animals whose hearts be-

come quite pale during each systole, (not, as

Harvey supposed, from the blood being pressed

out of its parietes, but from the blood in its

cavity, seen through its transparent sides, being
almost entirely expelled during its systole,)

we would be inclined to believe that little

blood remained after each systole in the active

state of the organ, while we can easily sup-
pose that a greater or less quantity is left after

each contraction when the organ is less vi-

gorous.

It was the subject of a violent dispute at the

commencement of the last century between the

Montpellier and Parisian anatomists and phy-
siologists, whether or not the heart became
shortened or elongiited during its contraction.

In all the warm-blooded animals at least it

undoubtedly becomes shortened.* We may at

the same time state that the obliteration of the

cavity of the ventricle depends much more upon
the approximation of its sides than the drawing
up of the apex.

Impulse of the Iieart.—It has been at various

times, and still is by some late and modem
experimenters,f maintained that the apex of
the heart strikes the parietes of the thorax during

• The authority of Harvey has been quoted in

favour of the opinion that the heart becomes elon-

gated during its contraction, and certainly in one
part of his work it is distinctly stated, that it is so

to a certain extent :
** Undique contrahi raagis

vero secundum latera ; ita uti minores magnitu-
dinis et limfiitutcutunif et coUectum ai)pareat."

t Pigcaux, Stokes, Uurdach, and Beau. Dr.

Corrigan lias, much to his credit, publicly re-

noui^ced his previously published opinions on this

question, after more accurate observations had con-

vinced him of his error.
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ila diastole, and not durii\g its systole. This

is in rifulily what we would a priori expect,

for it certainly docs at first appear somewhat
paradoxical that the heart should strike the

parieles of the chest when the apex is ap-

proximated to the base. The concuirent tes-

timony of the most accurate observers has,

however, fully established the correctness of

the fact. Harvey observed it in the human
body when the heart had been exposed from
the effects of disease."" One of the principal

arguments adduced in support of this opinion

by these authors was drawn from the fact that

the pulse at the wrist is not synchronous with

the impulse against the chest, an opinion

which liad been pretty generally maintained

since the time of Aristotle. It is difficult to

be convinced of this when the pulse is quick ;

but when it is slow, and in certain cases of

disea.se of the heart, it can generally be satis-

factorily ascertained. So far then they are right,

but in the next and most important step of the

argument they fall into a decided error; for

they proceed upon the supposition lliat the

pulse is synchronous in all the arteries of the

liody at the same time, and consequently the

impulse of the heart at the chest cannot be
synchronous with the flow of blood along the

arteries, or, in other words, with the systole

of the heart. In op|X)sition to this opinion.

Dr. Youiigt had previously shown upon the

principles of hydraulics that the pulse along

the arteries must be progressive, yet in general

so rapid ;\s to appear to arrive at tlie extremities

of the l)ody without the intervention of any
perceptible interval of time. And when the

attention of medical men was turned to this

subject, various observers soon ascertained by
repeated experiments that tlie pulse could

be felt in favourable cases to pass along the

arteries in a ])rogressive manner, — that the

pulse in the lai'ge arteries at the root of the

neck and impulse at the chest are synchronous
or nearly so, that both precede that at the wrist,

and more distinctly still that of the dorsal

artery of the foot.J

Various attempts have been made to explatta

* " Simiil cordis ipsiiis motiim obscrvavimus,
nempu illud in diastole introrsiim 8ub<luci ct

iclrahi ; in systok- vero umergprc dcniio et protrudi

ficriiiuc in cordc systolem qno tempore diastole in

carpo porcipiebatiir : atque proprium cordis motum
ct fuiictionem esse systolcm : denique cor tunc
pectus fierique ct prominulum esse cum erigitnr

sursuni." As quoted by Shebearc, Pract. of Phy-
sic, vol. i. p. 195.

t Pbil. Trans. 1809.

X It is interesting and curious, as shewing the
revolution of opinions, to compare the strict simi-
larity of the arguments adduced by the modern
supporters of this doctrine with those maintained
by Shc'bearc in 1755. (Practice of Physic, vol. i.

p. 1911.) *' This, however plausible it m.iy ap-
pear, cannot be the true cause of it ( impulse of
the heart), because then this stroke must be during
the systole of the ventricles, which would be syn-
chronous with the diastole of the arteries ; whereas
the beating of the heart precedes the dilatation of
the arteries, and thence tliis stroke must be made
during the diastole of tlic ventricles: thus the
diastole or distention of the heart is the cause of
the beutiitg against the ribs."

in what manner the apex of the licart is made
to impinge ag;nnst the jKirieles of the chest by
those who maintain that it occurs during the

systole of the ventricles. Senac supposed that

this was principally effected by the curvature

of the two large arteries, but i)rincipally of the

aorta, which arise from the ventricles ; for at

each stroke of the ventricles when an addi-

tional quantity of blood is driven into the large

arteries, as they are curved tliey make an at-

tempt to straighten themselves; and as this

takes place to a slight extent, the heart, which
is attached to their extremities, ought to be
displaced, and its apex, which describes the

arc of a circle greater than the other parts of
the heart, is thus made to impinge against the

walls of the chest. He also believed that the

distention of the left auricle with blood during
it:! diastole has also, from its position between
the spine and base of the heart, the effect of
pushing the heart forwards ; and this occurring

at the same time with the attempt which the

curved arteries make to straighten themselves,

it thus acts as a second or subsidiary cause in

tilting the heart forwards.* Though this sup-
posed effect of the curvature of the large

arteries has been a favourite explanation with
many of the impulse of the heart against the

chest, yet it really appears to have little, if any,
influence in producing this. Shebeare,t and,
more lately, Dr. Corrigan,J have shown that

the direction of the curvature of the large ar-

teries is such, that if any effect of this kind is

produced, the heart would not be carried to

the lefl side, but in the direction of the curve,

which is exactly in tlie opposite direction.

Besides the tilting forwards of the heart has
been observed though no blood was passing
along the large vessels at the time, and the

same thing takes place after the large vessels

have been cut through and the heart removed
from the body.§ Haller and others have sup-
posed that the secondary cause assigned by
Senac,—viz. the sudden distention with blcKxl

of the left sinus venosus which lies iinpacted

between the spine and left ventricle,—is the

principal if not the sole cause by which the

heart is pushed forwards against the ribs. In
confirmation of this opinion Haller states

||

that if we inflate the left auricle after having
opened the chest, we see the point of the heart

approach with vivacity the region of the mam-
ma. As we cannot, however, under these cir-

cumstances distend the auricle without also

distending the corresponding ventricle, this

movement of the heart depends more upon the

sudden inflation of the ventricle than upon any

' Op. cit. loin. i. p. .356. The tausc of the tilt-

ing motion of the heart was also, at a later period,
attributed to the curvature of the aorta and to tliis

exclusively by Dr. W. Hunter. Note in John Htm-
tor's Treatise on Inflammation, p. 146, 1794.

t Op. cit. p. 195.

t Dublin Med. Trans, vol. i. p. 154.

§ Dr. Carson (Inquiry into the Causes of the
Motion of the blood, p. Iti3.) maintains that no
proof can be adduced that the curvature of the
aorta is rendered more straight during the systole

of the heart.

II
Sur le Mouvement da Sang, p. 124.
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distention of the nuricle, as any one may easily

satisfy himself by repeating llie experiment.

Hesides, the distention of the auricles by the

blood flowing along the veins is too gradual for

this sudden and rapid impulse of the heart

;

nay more,—the impulse may be observed when
no blood is flowing into the auricles. Sabatier*

believed that this impulse depends upon two
causes,—Isl, principally upon the distention of

the auricles, more particularly the left; and,

2dly, upon the curvature of the large arteries.

Apparently, liowever, perceiving the necessity

of there being a sudden distention of the auri-

cles to produce this, he supposed that this was
effected by the auriculo-ventricular valves. He
argued that, as these valves during the diastole

of the heart form a cone stretching from the

base towards the point of the ventricle, which
is full of blood when the systole commences,
when the valves are carried upwards to ob-

struct the auriculo-ventricular orifices, this

blood is pushed before them into the auricles,

producing a reflux into the auricles, which,

with the blood flowing along the cava and pul-

monary veins, causes a sudden distention of the

auricles, which pushes the ventricle forwards.

f

Meckel appears to have adopted the opinions

of Sabatier. We need not repeat our objec-

tions to this explanation. Dr. Alison, per-

ceiving the insufficiency of all these explana-

tions, has for a considerable time past sug-

gested in his lectures, that this might be ex-

plained by the arrangement of the fibres,

" more particularly by the irregular cone which
they form, hem^jiuttened posteriorly, and by
the consequent greater mass of fibres on the

anterior surface." More lately Mr. Carlisle J

has also attempted to explain this by the greater

length of the anterior fibres of the heart than

of the posterior. As the shape of the ventricles

is an oblique cone, and as they have their long-

est sides in front, he argues, " that it is a
law of muscular contraction that fibres are

shortened during their contraction in proportion

to their length when relaxed. For instance, if

a fibre one inch long lose by contraction one-
fourth of its length, or one quarter of an inch, a
fibre two inches in length will lose one inch by
contractions of equal intensity. The apex then

does not approach the base in the line of the

axis of the ventricles, but is drawn more to the

side of the longer fibres, that is, towards the

front, thus producing the tilting forwards."

We believe that it may be proved on mechani-
cal principles, that though the anterior and left

surfaces of the ventricles are considerably longer

than those on the posterior and right, yet during
their contraction, when they are drawn towards
their fixed attachments, if the fibres are of
equal thickness, the apex will be drawn up
nearly in the diagonal of the two forces, and
that if any tilting upwards of the apex take
place, this will be only to a small extent, and

1
• Traite complct d'Anatomie, torn. ii. p. 230.

t Dr. Hostock has failed of his usual accuracy
in detailing the opinion of Sabatier on this ques-
tion.

X Transactions of British Scientific Association,
vol. iii, Dublin Journal of Medical Science, vol. iv.

be quite insufficient to account for the impulse
felt at the chest. We must therefore look to

some other circumstances besides a mere diffe-

rence in length of the two surfaces to account
for this. Mr. Alderson* has ingeniously at-

tempted to apply the law of action and reaction

between bodies,—one of considerable import-

ance in mechanical philosophy, and upon which
Barker's centrifugal mill has l)een constructed.

Unfortunately, however, for this explanation,

the axes of the large arteries and the direction

in which the apex is tilted do not by any means
accord. Dr. llope's supposition that " the re-

tropulsion of the auricular valves" may assist

in producing this impulse, " as these act on a
column of blood which offers a greater resist-

ance than the weight of the heart, the action is

reflected on the organ itself and impels it for-

wards," is, on the other hand, completely op-
posed to the law that action and reaction are

the same. As well may a man attempt to pro-

pel a boat by stiinding in the stern, and push
with an oar against the prow. Dr. Filhos attri-

buted the impulse to the spiral turns of the

fibres at the apex of the heart attempting to

straighten themselves during their contraction,

and so raise themselves suddenly and throw
themselves forwards. The objections to this

explanation are so palpable that they must
occur to every one. Since the tilting of the

apex of the heart forwards is observed after the

blood has ceased to flow through its cavities, it

is obvious that we must look for the cause of

this in the arrangement of the muscular fibres

themselves, though it may be difficult to point

out that particular arrangement. It appears to

me that the distribution of some of the strong

bands of fibres, the course of which I have
already described when treating of the muscu-
lar tissue of the heart, may satisfactorily account

for it. We there pointed out that several strong

bands of fibres arise from the base of the septum
between the ventricles, pass downwards and
form part of the septum, then emerge from the

anterior longitudinal groove {fig. 274, d), and
wind round in a spiral manner to form both the

anterior and posterior part of the lower portion

of the heart. On entering the apices of the

ventricles, (principally the left,) the fibres are

scattered over their inner surfaces, and while a
great number of them go directly to be inserted

into the tendinous rings, others form part of the

columnae carneae. We have thus strong bands
of fibres attached by one extremity (their septal

extremity) to the base of the ventricles at a
point pretty far posterior, while at the other ex-

tremity many of the fibres are loose, or at least

only attached to the tendinous rings through

the media of the chordse tendinese and valves,

which must admit of a certain degree of con-
traction of these fibres before they become tense.

At each systole of the heart when these fibres

act, it is evident that the tendinous rings must
form the fixed points towards which all these

fibres contract ; and since they are by one ex-

tremity all closely and directly connected to a

* Quarterly Journal of Science, &c, vol. xviii.

p. 223.



HEART. 607

fixed attachment, vij. the tendinous rings, whik
by iheir otlwjr extremity ])art only arc directly

attached to the teiidinous rinps, tlie other part
beiiij^ loose, or at least only connected to the
tendinous rings through die lax chorda; tendi-
nea; and valves, it must follow that the force

with which the contniction takes jilace towards
the septal extremity must preponderate over
the other. 1 f these bands of fibres had been as
closely connected to the tendinous rings at the
one extremity as at the odier, then the force of
the contraction towards both would have been
equal ; but since this is not the case, the apex
must be carried forwards at the same time that
it is drawn upwards towards the base. Tills

forward motion may also probably be assisted

by another arrangement of the same fibres

which we have been describing; for some of
these muscular bands are attached by their

inner extremity to the anterior part of the left

auriculo-tendinous ring, so as to form loops, the
greater part of which lie more in front than be-
hind the axis of the heart, and may have a ten-
dency, when in a state of contraction, to draw
the apex forwards and upwards. Now when
we remember that by this elevation of the apex
forwards, the heart, before placed obliquely,
now becomes more horizontal, and conse-
quently more approximated to the walls of the
chest,—the more particularly as the transverse
diameter of the chest diminishes rapidly as we
[)n)ceed from below upwards, we believe that
we have here sufficient to account for this im-
pulse against the chest. As the proximity of
the ajiex of Uie heart to the chest is affected by

1 the position of die body, as we have already
' pointed out, this circumstance ought to be at-

tended to in judging of the strength of the im-
pulse of the heart.

W/rnt parts of' the heart most irritable.—The
t inner surface of the heart is considerably more

irritable than the outer. In experiments, when
the heart has become quiescent, and refuses to
obey a stimulus applied to the outer surface, it

frequently contracts readily for a short time
after this when air is introduced into its cavi-
ties, or when any other stimulant is applied to
its inner surface. After death the different
cavities of the heart generally lose their contrac-
tility in die following order, the left ventricle,

the right ventricle, the left auricle, and last of
all the right auricle.* And as tlie heart is gene-
r.illy the part of the body which shews the latest

evidences of contractility, the right auricle has
long received the name of ultimwn moriens.
Ilaller siipjiosed that the greater persistence of
contractility in the right side of the heart over
the left might depend on the circumstance that
die riyht side of the heart generally contains a
greater or less quantity of blood after death,
while the left side is generally empty. In this

• There is occasionally considerable variety ob-
srrved in Ihc order in which the different cavitiea
lose their contractility after death. The left ven-
tricle has been seen to contract after the right auri-
cle ; and Haller lias observed in experiments upon
cats the irritubiliiy of the left auricle first cease.
In e\periments upon do^s I have seen the ventri-
cles contract after the auricles had ceased to do so.

manner ths inner snrface of the right side of the

heart is subject after death to the presence of a

stimulant from which die left side is compara-

tively free. He put diis opinion to the test by

performing repeatedly the following experi-

ment.* He emptied the right side of the heart

by the section of the pulmonary artery and
vente cavte, having previously retained the

blood of the left side by passing a ligature

around the aorta. The experiment succeeded

many times : the right auricle remained per-

fectly immoveable, and the only motion which

the right side retained arose from the connexion

of its fibres with those of the left ventricle.

The left auricle retained its movements for a
certain time, the ventricles during a longer

period, sometimes even for two hours. He adds,

we thus transfer from die right auricle to the

left ventricle the property of being the last

living part in the body, in preserving for it

during a longer period the irritation produced

by the contact of blood. These experiments

of Haller certainly shew that die left side of

the heart will continue to contract longer than

the right where it is subjected to a stimulant

of which the odier is deprived ; but they do not

entitle us to conclude that the persistence of

their contractility is the same when placed un-

der similar circumstances. VVe have every

reason for believing that the right auricle is the

part of the heart which last loses its contracti-

lity. Indeed Haller himself confesses, that if

any part of the heart remains longer contractile

dian anodier, it is the right auricle. Nysten,t

who performed a number of experiments upon
the comparative persistence of the irritability

in the different contractile parts of the body in

the human species, after decapitation by the

guillotine, and when the heart was conse-

quently emptied of its blood, obtained the fol-

lowing results upon the order in which the dif-

ferent parts of the heart lose their contractility :

— 1st, tlie left ventricle, the contractility of

which is annihilated much more quickly than

that of the other organs ; 2d, the right ventri-

cle, the movements of which genendly continue

more than an hour after death ; 3d, the two

auricles, the right being of all the parts of the

heart that which preserves for the longest time

its contractile power.

The stimulant used in these experiments was

galvanism. Tlie greater persistence of the con-

tractility in the right auricle over die other parts

of the heart has been observed by other ex|)eri-

mentcrs, after it had been cut from the body,

and consequently without any contjiined blood.

The particular part of the auricle which last

loses its contractility varies in different cases.

Sometimes the appendix is found contracting

when the rest of the auricle is quiescent; at

other times, and perhaps more frequently, diose

parts of the auricle around the entrance of the

vense cavse retain dieir contractility longest.

• Sar Ic moavemenl du sang, p. 172. Similar

experiments were performed by Walther with the

same results : Kxperimenta de vivis animalibus,

p. 11, as quoted by liurdach.

t Recherches do Physiologic, &c. p. 321.
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Harvey and some of the older anatomists ob-

served tlie nio\einents of llie vena; caviE to

continue in some of the lower animals after the

auricles had ceased to move. The a[iex of the

ventricles frequently remains longer contractile

than the rest of the ventricle, llaller suggested

that this might depend on the remaining blood

gravitating to the apex, and there acting as a

stimulant.

Duration of contractility after death.—In

the cold-blooded animals the heart may be

made to contract fourteen, twenty, thirty-four

hours, or even longer after death. In warm-
blooded animals the heart remains contractile

for a much shorter period after death than in

cold-blooded animals. Haller found the heart

contractile in a warm-blooded animal in one

case four hours after death, and in another

seven hours. He sometimes observed it to

cease before the vermicular motion of the intes-

tines. Wepfer found it irritable in a dog six

hours after death. Nysten, who attended par-

ticularly to this subject, found in one of his

experiments on the human subject, that the

ventricles refused to contract upon the applica-

tion of galvanism one hour after decapitation,

while the auricles continued contractile for

seven hours five minutes after death.* In ano-
ther case the right auricle was still contractile

eight hours after death ;t and in a subsequent
case which he relates, it remained contractile in

the neighbourhood of the entrance of the supe-
rior cava sixteen hours and a half after death.J

In the Mammifera, Nysten found that the left

ventricle often refused to contract thirty minutes
after death ; that the right ventricle retained its

contractility two hours, and sometimes longer,

while the right auricle was not quiescent upon
the application of the galvanism until eight

hours after death.

He found it to vary in birds according to the

degree of muscular activity which they enjoyed

during life. In those of high flight, and which
exercise great muscular contractility during life,

and have a rapid circulation, as the sparrow-

hawk, the irritability of the heart and other

muscles becomes much more speedily exhaust-

ed than in those the movements of which are

comparatively slowandfeeble,as in most domes-
tic fowls.§ Nysten supposes that the explana-

tion of the greater persistence of contractility of

the right ventricle over the left lies in the cir-

cumstance that the left acts with greater vigour

during life, thus referring it to the important

general law which he has established by his

ex|)eriments upon the comparative excitability

of the muscular tissue in the various classes of

animals, that the duration of the contractility

after death is in the inverse ratio of the muscu-
lar energy developed during life.|| Before we

• Op. cit. p. 316.

t Page 318.

t In these experiments all the other parts of the

body lost their contractility before the right auricle.

« Op. cit. p. 349.

fl
Dr. Marshall H.iU (Phil. Trans. 1832) has

more lately laid it down as a general law that the

irritability of the heart and other muscles is in the

inverse ratio of the oxygen consumed in respiration.

could admit this explanation, it would be ne-

cessary to show, what we believe it will be

found im]X)ssible to do, that the left ventricle,

apart from its greater quantity of muscular fibre,

exerts greater strength or exhibits more ener-

getic contractions during life than the right

ventricle. In young animals, immediately after

birth, the contractility of the heart continues

longer after death than in the adult animal.

We would expect this to be most apparent in

those which are born with their eyes shut, as

puppies and kittens, and in those birds which
are hatched without feathers, since these ani-

mals at that period of life approach in their

physiological conditions to the cold-blooded

animals. There is a curious circumstance

stated by Mangili, and confirmed by Dr. Mar-
shall Hall, connected with the hybernation of

animals, that if those mammalia which hyber-

nate are killed while under a state of lethargy,

the heart and other muscles remain contractile

for a longer period than when they are killed

in a state of activity, thus resembling, when
under the influence of this lethargy, in this as

in many other respects, the physiological con-

dition of the cold-blooded animals. The con-

tractions of the heart may frecpiently be renewed
by the application of warmth after they have

apparently ceased. I have repeatedly observed

the fact which has been stated by llaller and
Nysten, that when any of the cavities of the

heart become congested with blood, their con-

tractility becomes arrested, and, in their opi-

nion, extinguished.* I have also found that

unloading the right side of the heart soon after

the congestion has taken place, which can be
done in many cases by opening the external

jugular vein, acts as a valuable adjuvant under
certain circumstances in renewing the heart's

action. These it would be out of place to dis-

cuss here; but I may state that it appears to

me to be principally useful in certain cases of
poisoning, in asphyxia, and after the accidental

entrance of air into the veins. Since the intro-

duction of a considerable quantity of air into

the veins produces death by mechanically ar-

resting the movements of the right side of the

heart, we believe that circumstances may occur

in which the surgeon may be justified in intro-

ducing a tube into one of the large veins pass-

ing into the upper part of the chest, and suck-

Various experimenters distinctly show that as we
descend in the scale of animals the quantity of oxy-
gen consumed diminishes, and that Birds consume
more than Mammalia. Dr. Edwards has also

shown that the young of the Mammalia deteriorate

the atmospheric air less rapidly than the adult ani-

mals ; and the experiments of Mangili and Prinella

prove that hybcrnating animals, when in a state of

lethargy, consume exceedingly little oxygen, so

that there is evidently some relation between irri-

tability'and the quantity of oxygen consumed in re-

spiration
J
but for the proof that the irritability is

exactly in the inverse ratio of the respiration, we
must wait for Dr. Marshall Hall's promised experi-

ments.
• Haller supposed that this was effected, as must

be if allowed to continue for any length of time,

by the too great distension of the muscular tibres,

in the same manner as distension of the bladder

produces paralysis of its tibres.
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ing the frothy blood from the right side of the

licart. It is also necessary to remember this

circumstance in exi^rimcnting upon Ihc length

of time during which the heart remains con-

tractile after death, as the division or non-divi-

sion of the large veins at the root of the neck
in laying open llie thorax may considerably

niodifv the results.*

For the probable force exerted by Itic heart,

the share which the heart has in carrying ontlie

circidation, and the probable quantity of blood

exiicUed at each contraction, see the article

Clllrul.ATION.

Vreqiienei) of the heart's action.—The fre-

quency of the heart's action is considerably

modified by age, condition of the other functions

of tile body at the time, by mental emotions, and
by the original constitution of the individual.

Its movements are influenced by very slight

muscular exertion, and the extent of this appears

to vary at differeiit times of the day. In the

foetus its movements are rapid, being about

140 in the minute. At birth it is from 130 to

1 40 ; at one year 115 to 1 30 ; second year

100 to 115; third 90 to 100; seventh 85 to

90 ; fourteenth 80 to 85 ; middle age 70 to

75 ; in very old age 50 to C5. Tlie heart's

action generally sympathises powerfully with the

other organs of the body, and this has always
been regitrded as a mo.stimportanland necessary

guide in the delation and cure of diseases.

It becomes strong and rapid in some cases of
inflanmiation, while in others it becomes rapid

and feeble. It becomes quicker after eating

and slower during sleep. It is much incre;L<ed

in frequency during bodily exertion. In cases

of great general debility it becomes very quick
and feeble. It becomes more rapid and
weaker during inspiration, slower and stronger

during expiration.

It is an important fact that when the con-
Iractibty of the heart is much enfeebled by
extensive injuries of the central organs of the

nervous system or of the other parts of the body,
(as when a limb is extensively crushed,) its

contractions are not oidy much weaker, but are

also grciitly increased in frequency. It is also

worthy of remark that such injuries do not pro-

duce convulsive movements in this organ. The
effect which severe injuries and certain inflam-

matory afl'eetions have in greatly debilitating or

even destroying the contractility of the heart is

a fact of great practical inqwrlance, as it not
oidy explains the cause of llie most alarming
symptoms in such cases, but also |x>ints out the
most appropriate remedies to avoid the chief
tendency to death. To this cause, for example,
we are to attribute the rapid and feeble pulse,
in concussion of the brain, in extensive mecha-
nical injuries, the shock after oj)crations, extcn-
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sive burns, peritonitis, &c. It is very fortunate

that Uic contractions of the heart l>ecome more
fre(|uent when its contractility becomes en-

feebled. I f the heart under these circumstances

had required, as we would a priori expect, the

presence of a greater quantity of blood to

stimulate it to contraction, instead of a smaller

quantity, as is actually the case, what would
have been the consequence? It is evident

that since the resistance, under ordinary cir-

cumstances, which the heart has to overcome in

contracting, is, according to a well-known hy-

drostatic law, in propt)rtion to the extent of the

area of the inner surface of tlie cavities of the

heart at the commencement of their contraction,

(each square inch of surface, according to the

experiments of Hales, having a pressure uj)on

it nearly e<iual to four pounds,) the mort; fre-

quent contractions, where there is a smaller

quantity of blood present in the heart at the

commencement of each contraction, will not

demand the same degree of muscular force for

their performance, as if these had been less

frequent. If, when the contractility of the

heart became debilitated, the presence of a
greater quantity of blood than usual in its

interior had been necessary to stimulate it to

contraction, and if the area of the inner surface

of the cavities of the heart be in proportion to

the quantity of blood contained there, it is

apparent tliat the movements of the heart would
have been much more rapidly and fre<iuenlly

arrested when its contractility became eufeebled,
than they are under the actual arrangement.

The influence of mental emotions upon the

movements of the heart requires no illustration,

for this is so universally experienced that in

common language the heart is considered to be
the seat of the afl'eetions and passions, and this

has had a powerful influence upon tlie phrase-

ology of all languages.

In sanguine tem|X!raments the heart gene-
rally contracts more frequently than in phlegmatic

temperaments. In women it is also generally

a little quicker than in men.
It varies very much in different classes of

animals.

Burdach* has given the following table col-

lected from numerous sources, as an approxi-

mative valuation of the frecjuency of the heart's

action in various animals.

Number i>fpuhatioia in a minule.f
In the Shark 7

Mussel 15
Carp 20
Kel 24
Snake 34
Horse 36
Caterpillar 30
Bullock 38

• Edinburgh Medical and Surgical Jonmal, 1836.
When I performed these expericiienln, 1 was not
aware that 1 had hecii anticipaU'd to a certain ex-
tent hy Mr. Coleman. (Wilson on the Blood, &c.
P- '?':) .

I' ' very possible that the sinuses upon
the inferior cava and hepatic veins in the seal may,
besides answe rinj; other purposes, have the elTcct
of prevcniing this mechanical distcnsioD of the
right side of the heart.

VOL.11.

• Physiologie, vol. iv. p. 251.

t We cannot consider the ntimher of pulsations

of the heart in a minute given in the above table

as by any means quite satisfactory. The number
of pulsations in the ox and horse is given on the
amhoriiy of Vetel in Froricp, Notizen, t. xxiv. p.
1 12. Other observers state the number of pulsa-
tions in a minute at from 38 to 52 in the horse, and
from (>4 to 70 in the ox.

2s



CIO HEART.

Ass 30 solete and to us in the present time almost
Crab 50 incredible opinions, and the only use to which
Butterfly 60 they are now applicable is to serve as beacons
Goat 74 to keep us, in all our inquiries into the pheno-
Sheep 75 mena of living bodies, within the strict path of
Hedgehog 75 facts and observation, and to forcibly impress
Frog 77 u])on us into what strange and fatal errors even
Marmot , 90 the brightest intellects may fall, when they
Locust 90 leave the inductive method of investigation,

Ape 9o and wander into the alluring but dangerous
Dormouse 105 regions of hypothesis. And the effects of these
Cat 110 errors are only the more to be dreaded as they
Duck 110 are often clothed in the most seductive in-

Rabbit 120 genuity. It ought also still more forcibly to

Menoculus Caster 120 inculcate upon us the important truth, which,
Pigeon..... 130 though generally in our mouths, is not unfre-

Guinea-pig 140 quently forgotten in practice,—that as the

Hen 140 material world and all which it contains have
Bremus terrestris. 140 been placed by the Author of Nature under
Heron 200 arbitrary and fixed laws, it is impossible to ex-
Menoculus pulex 200 tend our knowledge of these by theorizing in

For the effects of the respiration upon the the closet, and that this can only be effected by
contractions of the heart, and the influence of the patient interrogation of Nature herself.

tlie circulation of dark blood upon its irrita- It was not until the time of Senac and
bility, see Aspin xi*. Ilaller that accurate notions began to be enter-

IVie cause nj' the motion of the heart.—The tained on the nature of the heart's action,

motion of the heart, and the constancy and The cause of the movements of the heart is

regularity of its movements, are circumstances distinctly referable to the same laws which
so remarkable that they could not fail early to regulate muscular contractility in otiier parts of
excite a deep interest among medical pliilo- the body, only modified to adapt it for the per-

sophers when they had once turned their forinance of its appropriate functions. Like
attention to the explanation of vital phenomena, all the other muscles it is endowed with irrita-

When we contemplate the heart commencing bility, which enables it to contract upon the
its movements at an early period of fccta! application of a stimulus. The ordinary and
existence, and never resting from its apparently natural stimulus of the heart is the blood,

unceasing toil until the latest moments of life, which is constantly flowing into its cavities,

and when we remember the uniform and regu- The greater irritability of the inner surface over

lar manner in which all its actions are accom- the outer is evidently connected with the

plished—all conspiring for the proper per- manner in which the stimulus is habitually

ibrmance of the deeply important functions applied. When the blood is forced on more
assigned to it, we are at first impressed with the rapidly towards the heart, as in exercise, its con-
idea that it is regulated by laws different from tractions become proportionally more frequent;

similar textures of the body, and altogether and when the current moves on more slowly,

peculiar to itself. It must have been under as in a state of rest, its frequency becomes pro-
the influence of similar impressions that the portionally diminished. If the contractions of
older medical philosophers approached this the heart were not dependent upon the blood,
subject, and it is in this manner only that we and their number regulated by the quantity
can account for many of the strange specula- flowing into its cavities, very seiious and in-

tions on the heart's action which they have left evitably fatal disturbances in the circulation

recorded. would soon take place.

We find one sect attempting to explain it by As the heart continues to contract often for a
a peculiar innate fire. Sylvius, the head of the ^e^y considerable time after the vena; cavae

chemical sect, had recourse for its explanation have been tied, and after the blood has ceased
to an efl'ervescence excited by the intermixture to pass through its cavities, or after it has been
of the old and alkaline blood with the acid removed from the body, this has been supposed
chyle and aoid pancreatic lymph.* Descartes by some to indicate that there is something in

supposed that a constant succession ofexplosions the heart's structure or in its vital properties

occurred in the heart from steam generated which enables its movements to jiroceed inde-

tliere, which propelled the blood through the pendent of all other circumstances. But in all

body. Stahl got at once out of the difficulty these cases a stimulus has been applied in some
by affirming that the heart was more partieu- form or other to the heart. If the heart has
larly under the guidance of the anima or soul, heen allowed to remain in its place, though the

But we cannot here dwell longer on these ob- circulation of the blood may have come to a
stand, part of it may yet remain in the different

- . , T, „• „ cavities of the organ ; or if the pericardium has
* In the same manner liorclli savs, "Constat i,„„ „ i .i • c .\ . i

ex diet,, imrae<li.tam CHusam motivam cordis esVe
'"=''" ?'=""^'^' ^'^'^ 'mpression of the external

cbiillilioncm fcrmaiivam tartarci siicci sai.giiinei
atmosphere may act as a Stimulus. Iheexpe-

excitaiain a comiriisiionc succi spiriiiiosi a ncrvis riments of Walther and Haller formerly men-
instillati." Do Motu jlniinalium, p. 97. tioned upon the comparative irritability of the
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two sides of (he heart, and the different results

obtained when the one side of the liearl was

emptied of blood, and when il was retained in

the other, are sufficient to shew the efliect which

the presence of blood in the cavities of this

organ has upon the continuance of its action

after the circulation has ceased. Jf the he<irt

has been removed from the body and emptied

of its blood, it must naturally follow that its

different cavities will be tilled with atmospheric

air ; and it has been well ascertained that this

acts as a very powerful stimulant upon the

inner surface of the heart.' Every circumstance

connected with these experiments is in exact

conformity with the oj)inion that the movements
of the heart are only called into action by the

application of a stimulant. Thus, when the

imtability of the heart becomes more languid,

and when the blood or the atmospheric

air in its cavities becomes insufficient to

raise it to contraction, strong and energetic

movements may still generally be excited by
having recourse to a more powerful stimulant,

such as the prick of a scalpel or the application

of galvanism. Since the heart is highly en-

dowed with irritability, various other mild fluids

besides the blood are capable of exciting it to

contraction. As every organ, however, has its

irritability adapted for the function which it is

destined to perform, so we find that the heart,

the central organ of the circulation, is most
fitly called into action by the blood, its appro-

priate and natural stimulant.

In examining the nature of the irritability of

the heart, and contrasting it with that of the

voluntary muscles, we must not compare its

contractions with those excited by volition in

the muscles of voluntary motion, for these last

are evidently modified by the nervous influence

for an obvious purpose ; but let us observe Ixjth

when placed under similar circumstances, and
irritated by the application of the same stimu-

lant applied to the muscles themselves, and we
will find that they only difler in this,—that in

the voluntary muscles each successive appli-

cation of the stimulant is generally followed by
a single contraction, while in the heart it is

followed, except when the contractility is

much impaired, by several consecutive con-

tractions alternated with relaxations. This ten-

dency to successive contractions is also observed,

though not to the same extent, in the muscular
coat of the intestines.

We must admit, however, that the contrac-

tions of the heart proceed under circumstances

where it is difficult to point out the presence

of any sufficient stimulus, and where, to account
for their continuance, we are almost obliged to

have recourse to the supixisition, that there is

some innate moving power in the heart itself.

It has been stated, for example, that the move-

• Pcyer, Hrnnncr, and IliiUcrhavc seen the con-
tractions of the heart renewed by hlowing air into
the cava asceudens. Wepfer and Steno produced
the same ctTect by inflation of the thoracic duct.
Enman states lliat he once observed the renewal
of the heart's action in the human subject by
blowing air into the thoracic duct. Vide Scnac, torn.
i. p. 32(5.

ments of the heart will proceed under the ex-

hausted receiver of an air-pump. I have
repeatedly placed under the bell-glass of an
air-pump the heart of a frog when removed from
the body and emptied of its blood, and I could
never siitisfy myself that the frequency or

strength of its contractions was at all affected

by the withdrawal or renewal of the air ; and
though it might be urged that the air is only

rarefied, not entirely removed, in the best ex-

hausted receiver of an air-pump, and that con-

sequently in such experiments a stimulant still

existed in the presence of the rarefied air, yet

I would not consider this explanation of the

continuance of its contractions by any means
satisfactory. In these experiments lliere is ano-
ther source of stimulation present which ought
to be taken into account, for, as I shall after-

wards shew, the slightest movement of the

heart, such as that caused by its contraction,

upon the surface upon which it is placed when
removed from the body, is sufficient, from the

great irritability of the organ, to act as a stimu-
lant upon it. If these external stimuli appear
to be insufficient to account for the persistence

of the contractions of the heart under the cir-

cumstances we have mentioned, we may have
recourse to another explanation drawn from tlie

mechanical structure of the organ ; for it is

possible, as has been suggested by Dr. Alison,

that from the peculiarly convoluted arrangement
of the fibres, the outer may, during the con-
traction of the organ, pinch or stimulate the

inner, and so cause this tendency to repeated

contractions from one application of a stimu-
lant. We do not, however, consider that we
have succeeded perfectly in accounting for the
continuance of the contractions of the heart

under all circumstances, but we are unwilling
to admit the existence of any peculiar innate

and unknown agency in the production of any
phenomenon, until it is satisfactorily established

that it cainiot be accounted for on the known
laws which regulate similar phenomena in the

same texture in other parts of the body. And
it must also be remembered that these move-
ments of the heart have only been observed
when its contractility was still comparatively
vigorous, and where sources of stimulation

were still present. We ought, besides, to be
the more cautious in admitting the existence

of this innate moving power, since it is in

opposition to a well-known law in the animal
economy,—that though the various tissues of
an organized body are endowed with certain

vital properties, yet the application of certain

external and internal stimuli is necessary to

produce their manifestations of activity. In
fact it is from the action and reaction of these

tissues and excitants upon each other, that the

phenomena of life result.*

• The remarks which wc have made above,
illustrating the great length of time which the heart
will continue to contract after being removed from
the body, and uhen all communication between the
nerves raniified in its substance and the sympathetic
ganglia and the central organs of ih^ nervous sys-
tem have been cut off, when taken along with tlie

equally well ascertained fact, that its contractions

2 s 2
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Upon what docs this irrituhilitii of the heart

depend ?—Tliis bus been one of the most keenly

agitated questions in pliysiology, as a great part

of the experiments, and much of the reasonins;

upon the nature of musculur irritdbility, have

been furnished by tliis organ. As, however,

the general doctrines entertiiined on this subject

have already been fully discussed under the

article Contractility, we shall here confine

ourselves to a few of the leading facts connected

with it which have a special reference to the

heart. The two principal questions on this

point since the time of 1 Jailer have been, whe-
ther does it depend upon nervous influence ?

or is it a property of the muscular fibre itself

independent of the nerves ?

We have seen that the nerves distributed

tipon the heart are the par vagum and sympa-
thetic. Numerous experimenters have removed
portions of the par vagum on both sides of the

neck without the slightest diminution of the

strength of the contractions of the heart. These
experiments we have frequently performed with

the same results. There can now be no doubt
that the sudden death which occasionally fol-

lows this operation is not to be attributed to the

cessation of the heart's action, as some of the

older experimenters believed, but, as Legallois

has shewn, it depends upon an arrestment of
the movements of the muscles attached to the

arytenoid cartilages. Portions of the sympa-
thetic have also been destroyed in the middle
of the neck without any effect upon the con-
traction of the heart, except what could be
.sufficiently accounted for by the pain of the

incisions and the terror of the animal. A por-
tion of both of the sympathetic and pneumo-
gastric nerves may be removed in the neck
with the same results; in fact we cannot, in

the dog and most quadrupeds, cut the par
vagum in the middle of the neck without also

dividing the sympathetic. Magendie affirms

that all the sympathetic ganglia of the neck,
along with the first dorsal, may be removed
without any sensible derangement of the parts

to which their nerves are distributed. Hrachet*
supposes that the reason why the excision of the

sympathetic ganglia in the neck does not always
arrest the heart's action, is because there is

another source of nervous influence for the

cardiac nerves placed below this in the cardiac

plexus or ganglion. He accordingly put this

opinion to the test of experiment, and he as-

sures us that the total destruction of ihe cardiac

plexus was followed by the sudden and perma-
nent arrestment of the heart's action. Now

may be readily increased or renewed imdrr those
cirrumstances, by mild exritanls applied to its inner
surface* arc completely opposed to the supposition
that the heart is called into contraction in a manner
similar to those sympathetic movements more lately
described under the term excito-niotary. Though
this mode of explanation may be considered quite
legitimate when applied to those sympathetic move-
ments whicli do not require the intervention of the
brain for their performance, such as deglutitinn,
rc>piration, &c,, it is certainly pushing the doctrine
far beyond its proper limits to apply it to the
explanation of the movements of the heart.

* Du systcmc ncrvcux ganglionaire, p. 120.

when we consider tlic nature of such an ex-

periment as this, with the chest of the animal
laid open, the respiration arrested, and the

heart exposed during the time the experimenter

is searching and tearing for the plexus placed

deep behind the aoita and pulmonary artery,

and which would require a considerable time

to display even in the dead body when unem-
barrassed by the movements of the heart, we
must be more astonished that the action of the

heart had not completely ceased before the ex-

periment was finished, than that it should have
continued so long. Besides, even allowing that

this experiment could be relied upon, we have
sufficient evidence, from the facts stated above,

to entitle us to conclude that the heart is not

dependent for its movement upon any influence

constantly transmitted along its nerves from the

central organs of the nervous system,—the

brain and spinal maiTow. Brachet is himself

obliged to admit, from other experiments which
he performed, that the division of the sympa-
thetic at the lower part of the neck is not suffi-

cient to arrest the heart's action, so that this

experiment is intended to shew that its irrita-

bility depends upon the ganglia of tlie sympa-
thetic itself The independence of the irrita-

bility of the heart upon the brain and spinal

marrow can be very satisfactorily proved in

another manner. The occurrence of acephalous
monsters,* and the experiments of Wilson
Philip,t C!ift,J and Brachc:t§ demonstrate that

the brain or spinal marrow may be naturally

wanting ; that one or both of them may be
removed entirely, or destroyed in small portions

at a time, without arresting the heart's action.

We may here observe that the experiments of
Legallois,|| Wilson Philip, Wedenieyer,1I Bra-
chet, and many others, in which the action of

the heart was arrested by crushing large portions

of the brain or spinal marrow, though they do
not prove the dependence of the irritability of
the heart upon the brain and spinal cord, at

least shew, what the eflfects of mental emotions
upon the movements of the heart had already

pointed out, that it can be influenced to a great

and most important extent through these organs.

The advocates for the dependence of the irrita-

bility of the heart upon the nerves appear to

have pretty generally abandoned the opinion
that this is derived from the central organs of

the nervous system, and now maintain the

doctrine, which was more prominently deve-

loped by Bichat, that this is derived from the

sympathetic, the giinglia of which, according

to him, are indeiiendent sources of nervous
influence. From the manner in which the

sympathetic is distributed upon the heart, it is

• The heart is generally though not always ab-
sent in acephalous monsters.

t Experimental Inquiry into the vital functions.

j Phil. Trans. 1815.

5 Systeme ncrveux ganglionaire.

fl
Legallois performed these experiments on the

spinal cord alone, and supposed he had proved

that the movements of the heart were dependent
upon that portion of the nervous system.

f Physiol. Untersuchungeu iiber das Nerven-
systcm. Sec. p. 235.
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perfectly impossible to insulate that organ from
the nerve and experiment upon it; l)ut we
think we are justified in concluding from ob-
servations and experiments derived from other
sources, tliat in all probability the contractility

of the heart depends upon a proix.Tly possessed
by the muscular fibre itself without any neces-
sary intervention of its nerves. The possibility

of exciting or increasing the action of the heart
by stimuli applied to its nerves has been mixed
up wilh tins question. Though it must be
admitted that mechanical and chemical stimu-
lants applied to a considerable surface of the
central organs of the nervous system quicken
the heart's action, yet experimenters have gene-
rally acknowledged that these stimulants applied
to the nerves of the heart produce no effecn

upon its movements. Burdach,* however,
niaititains that he has quickened the heart of a
rabbit deprived of sensation by applying caustic

potass to the trunk of the sympathetic, or its in-

ferior cervical g;uiglion. That the heart cm be
excited to contraction by the application of
galvanism has had many supporters, and many
celebrated names are ananged both on the
afhrmative and negative sides of the question.
That the movements of the heart may lie in-

creased or renewed by the application of gal-
vanism as the exj)erimcnt is usually performed,
there can be no reasonable doubt ; for if one
wire is placed upon the nerve and the other

uix)n the heart, the moist nerve will act as a
conductor to the electricity, and the effect pro-
duced will be the same as if tlie stimulant had
been applied to the substance of the heart itself.

Nysten admits that movements of the heart
were excited by the galvanism when one of the
wires was applied to one of the large arteries

from which all the visible filaments of the
nerves had been dissected off. Dr. C. lIolland,t
in a number of experiments, satisfied himself
that the tissues of the body conduct galvanism
with so much facility, that the heart's action
could readily be excited, when one wire was
placed \\\xm the heart and the other in the nose,
mouih, and even among the moist food in the
slomacli. 1 have performed similarexperiments
with the same results. Humboldt and Urachet
assert that they have quickened the movements
of the heart by ajiplying both wires to one of
the eardiac nerves. If these and the experi-
nieiits of Burdach could be relied u|)on, they
would be sufficient to prove that the licart could
be occasionally stimulated thronp;h the cardiac
ncrii'es, but the negative experiinems on the
other side are so numerous, and the sources of
fallacy in judging in this manner of the relative
quickness of the heart's action between one
time and another so obvious, that we must be
allowed to di.strust them unless they should be
confirmed by other accurate observers.

Constancy of the /iiart's action.—The con-
stancy of the heart's action is more apparent
than real. After each contraction a state of
relaxation follows. The relative duration of

Traitc il« Physiologic, torn. vii. p. 74, traduit
par Jourilan.

t Experimental Imiuiry, &c. p. 275.

the contraction of the auricles and ventricles,

according to I^ieniiec, ap|)cars to be as fol-

lows :—a third at most, or a fourth or a little

less by the .systole of the auricles ; a fourth or

a little less by the state of quiescence ; and the

half or nearly so by the systole of the ventricles.

I'rom this he calculates that the ventricles,

when the heart is acting with its usual frequency,

rest twelve hours out of the twenty-four, and
that in those individuals in whom the pulse is

natui-ally below 50, it must be in a state of
relaxation sixteen hours out of the twenty-four.*

Now this is a degree of contraction of which
many muscles of tlie body are probably suscep-
tible, such as the muscles which support the
trunk when we sit or walk, and which some,
as the diaphragm and intercostals, generally

perform.

liegularity of the heart't movements.—The
regularity of the heart's movements, so essential

to the welfare of the animal, has appeared,
even to many modern physiologists, to be inti-

mately connected with some peculiarity in its

structure. VVe are inclined, however, to agree
with llaller, that this is perfectly explicable on
the known laws of muscular contractility

in other parts of the body. The regularity of
the heart's action was another fertile subject of
hypothesis to the older physiologists ; and even
in the present day we find the term " organic
in.ftinct" employed to designate it.

The contractions of the heart take place in

the order in which the blood Hows into its

different cavities; and if the blood be the habi-
tual stimulant uix)n which its movements
depend, this is exactly what we would expcct.f
Tlie blood forced in greater quantity into the
auricles by the contraction of the termination
of the cavae and pulmonary veins, stimulates
the auricles to contract and propel an additional
quantity into the ventricles ; and this, acting as
a stimulant upon the ventricles, excites them to
contract and drive the blood into tlie arteries,

when the same series of ]>henomena is renewed
and repeated in the same succession.

The continuance of the heart's action after

the circulation has ceased, we have already
attempted to explain ; and if tliese contractions
dejiend upon the presence of a stimulus, they
must evidently be in the same order as in the
natural state of the oi-gan, as these have not
been interrupted. Tlie continuance of the re-
gular order of the contractions of the heart
after its removal from the body can in general,
we think, be satisfactorily accounted for by
the substitution of a new stimulant for that
of the blood ; the cavities are then occu-
pied with air instead of blood, and each

• We have "not here given Lacnncc's caleulations
of the relative tluratioa of the coutraction and
relaxation of the auricles, as they must be founded
on false data—on the supposition that the second
sound of the heart marked the duration of the con-
traction of the auricles,

t This was also the doctrine maintained by Se-
n.ic, op. cit. torn. i. p. 325. Senac, however, was
opposed to the doctrine of Haller, that the contrac-
tility of the heart was a property inherent in the
muscular fibre, anJ indepcudcul of the nerves.
Tom. i. p. 461.
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contraction of tlie auricle must force an ad-

ditional quantity into tlie ventricle, and this,

though small in tiuantity, may be quite sufti-

cient to excite the ventricles to contraction,

when the irritability is not too much impaired.*

It is only in this manner, takcTi alonij with the

greater irritability of the internal suiface over

the external, that we can explain the observa-

tion made by Dr. Knox in the course of his

experiments upon the irritability of the heart

in fishes, where, when the irritability was nearly

exhausted, contractions excited in tlie auricle

were sometimes followed by contractions of the

ventricle, when irritation of the outer surface of

the ventricle itself produced no effect.f Cer-
tainly, under ordinary circumstances, this regu-

larity of the heart, so necessary for the proper

performance of its functions, is a marked fea-

ture in its action ; but that it is not either ne-

cessarily connected with its structure or vital

properties, but depends solely on the manner
in which its stimulant, the blood, is applied, is

proved by various facts. 1 St. The movements
of the auricles and ventricles generally cease at

different times after death ; and though the

auricles much more frequently continue to con-

tract after tlie ventricles, yet several accurate

experimenters have observed the left auricle

become quiescent before its corresponding

ventricle.j 'idly. When the movements of

the ventricle have ceased, while the auricles

continue to contract, the ventricle may generally

be excited to vigorous contractions by the ap-
plication of a powerful stimulus. 3dly. When
the irritability of the heart becomes somewhat
languid, two, three, or sometimes six or seven
contractions of the auricle may take place be-
fore the ventricles are roused to contraction

;

the evident deduction from which is, that the

• When ihc heirt has ceased to contract, it may
frequently be called into pretty vigorous action by
opening one of the large veins, and blowing sonic
air into its cavities.

t I have repeatedly attempted to ascertain if the
circumstances here described as sometimes occurring
in the cold-blooded animals could be observed in

the warm-blooded animals, but without success.

In one experiment upon the heart of a rabbit, after

all the movements of the ventricles had ceased,
but where they could still be readily excited by the

application of a stimulant, we were convinced that
contraction of the auricle, when excited by stimu-
lation applied to itself alone, was sometimes fol-

lowed by contaction of the ventricle even after

the ventricle had been slit open. IJut in subsequent
experiments upon dogs, we ascertained a source of
fallacy which we had overlnolted in the other expe-
riment, for we found that a slight movement of
the heart on the surface upon which it rests, such
as tliat caused by a very gentle pull at the large
arteries, and not exceeding the effects produced by
the contraction of the auricle, was, in some of
these cases, sufficient to excite contractions of the
ventricles.

X In one experiment upon a cat, I distinctly oh-
served the right ventricle occasionally pulsate
twice for each pulsation of the auricle. In another
experiment, 1 distinctly obseived tlie contractions

of the ventricles ])recede those of the auricles,

when the contractility of the heart had become en-
feebled. In this case, the pause in the heart's

action occuricd after the contractiou of the auri-
cles.

contractions of the ventricles do not neces-

sarily follow those of tlie auricles, unless

the contractions of the auricles occasion the

application of a stimulant to the inner sur-

face of the ventricles sutHcient to excite them
to contraction. 4lhly. The movements of the

ventricles and auricles will go on in the .same

manner, though detached from each other

by the knife. 5tlily. If we were allowed to

argue from final causes in negative cases, we
could easily shew that a peculiar endow-
ment, such as we are contending against,

would not be of the slightest advantage in se-

curing the regularity and constancy of the

heart's movements. It appears, then, quite un-
philosophical to call in the agency of some un-
known and indefinite principle for the produc-

tion of these periodic movements, as they have
been called, of the different chambers of the

heart, when they can be satisfactorily referred

to the laws which regulate muscular contracti-

lity in other parts of the body. We have here

a beautiful example of the manner in which
nature produces adaptation of means to an end,

not by the creation of new ])roperties, which
we, in our ignorance, sometimes erroneously

attribute to her, but by the eniploymcnt of
those already irt use in the performance of other

functions, only modified to accommodate them
to the circumstances under which they are

placed.

Siiunds nf the heart.—On applying the ear

over the region of the heart, two distinct

sounds are heard accompanying its contraction.

Though the existence of such sounds seems to

have been known to Harvey,* who compares
them to the noise made by the passage of fluids

along the oesophagus of a horse when drinking,

yet, as is well known, it is to Laennec that we
owe the first accurate description of the charac-

ter of these sounds, the order of their succes-

sion, and the manner in which they may here-

after be made available for the important pur-
poses of the diagnosis of the diseases of the
heart.

The first of these sounds is dtdl and pro-
longed ; the second, which follows closely upon
the first, is sharp and quick, and is likened by
Laennec to the Happing of a valve, or the lap-

ping of a dog. After the second sound a pause
ensues, at the end of which the sounds are

again heard. These three—the first sound, the

second sound, and the pause—occur in the

same uniform order, and when included along
with the movements of the heart, to which they

owe their origin, have received the term rhytlim

of' the heart. As the dull inolonged sound is

synchronous with the impulse of the heart, and
consequently with the contraction of its ventri-

cles, Laennec attributed this sound to the con-

traction of the ventricles. The second sound,

which is synchronous with the diastole of the

ventricles, lie supposed must depend upon the

systole of the auricles ; and to this he was

naturally led by the supposition that their con-

traction must also ])roduce some sound. From
the weight of Laenncc's authority, this opinion

* Op. cit. cap. v.
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seems to havebeen almost implicitly adopted un-
til the a|)|iearaiice of a |iaper by the late Professor

Turner, in 1829. I'rofessor Turner there re-

called to the attention of medical men the

observations of Harvey, Lancisi, Senac, and
Hallcr, uj)on the order of succession in which
the cavities of the heart contract, which ap])eiir

to have been forgotten amidst admiration at

tlie brilliancy of Laennec's progress. He also

jwinted out from their experiments that if the

second sound was dependent u|X)n the con-
tmction of the auricles, it ought to precede
instead of following the first sound, and tliat

the pause ought to occur after the first sound,
and not after the second. He also adduced, in

farther proof of Laennec's error, observation.s

drawn from the effects of disease, when, from
some impediment to the passage of the blood
from the right auricle into the ventricle, a dis-

tinct regur^iitation takes place into the large

veins at the root of the neck, and showed that

in these ca.scs the regurgitation marking the

contraction of (he auricles occurs without any
accoinpanynig sound ; that immediately after-

wards the impulse is felt attended by the first

sound, and that the second sound takes
place during the diastole of the ventricles

and the |)assive condition of the auricles.

He suggested that the second sound might l)e

accounted for by the falling back of the heart

into the pericardium during its diastole, to

which " the elasticity of the ventricles at the

commencement of the diastole, attracting the

fluid by suction from their corresponding auri-

cles, may perhaps contribute." Soon after the

appearance of Mr. Turner's paper, Laennec's
explanation of the cause of the second sound
appears to have been pretty generally aban-
doned ; and numerous attempts, both in this

country and in France, have since that time
been made to solve this difficulty. Some of
these explanations ap|)ear to be mere guesses,
occasionally at total variance with the anato-
mical structure of the organ, and at times pre-
senting even as wide a departure from its nor-

mal action as that given by Laennec himself.
Others, again, have entered uix>n an experi-
mentiil investigation of the subject with en-
lightened views of its anatomy and physiology,
have furnished us with much additional infor-

mation, and lead us to indulge in the ))leasing

prosiK'ct that in a short time the matter will be
completely set at rest.

The result of the experiments of Hope and
Williams, attested as they have been by various
gentlemen well qualified to judge of their
accuracy,—also those of Mr.Carlisle, Magendie,
Bouillaud, and the Dublin Committee, have
satisfactorily determined that the account of the
order of the contractions of the heart, and
their isochronism to the sounds as stated by
Mr. Turner, are perfectly correct. As, how-
ever, so many difierent circumstances attend
each movement of the heart, any one of which
may be capable of producing these sounds, it

became a much more difficult matter, and one
requiring great perseverance and accuracy of
investigation, to determine u|X)nwhat particular
one or more of these, each sound depends.

For accompanying, and synchronous with the

first sound, we have the contraction of the ven-

tricles, the collision of the different currents of

blood contained there tJius set in motion, the

approximating of the auriculo-ventricular valves,

the impulse of the heart against the chest, and
the propulsion of the blood along the large

arteries; while attending the second sound, we
have tlie diastole of the ventricles, and the rush

of a certain quantity of blood from the auricles

into the ventricles, the sudden separation of

the auriculo-ventricular valves towards the

walls of the ventricles, and the regurgitation of

part of the blood in tlie arteries upon Uie semi-

lunar valves, tlirowing them inwards towards

the axes of the vessels ; so we will find that

each of these in its turn has been thought ca-

pable of producing the sound which it accompa-
nies,and still has,oruntil lately had, itsadvocates

and su])porters. As the subjeclisonesurrounded

with numerous and unusual difficulties, and is of

comparatively recent investigation, it has fol-

lowed, as was to be anticipated, that as new
facts and obsen-ations are collected, many of

the opinions first promulgated on this question

have required to be modified or changed ; and
the scientific candom displayed by several of

these authors in renouncing fonner published

opinions is deserving of the highest praise.

Several of the explanations of the cause of

the sounds of the heart proceed, however, upon
the supposition that the relation of these sounds

to the movements of the organ is different

from what has been here represented. We
shall merely state these without alluding to the

arguments adduced in support of them, as we
believe that they are founded u|>on inaccurate

observation. Sir D. Barry believed that the

first sound was synchronous with the diastole

of the auricles, and the second sound with the

diastole of the ventricles. Mr. Pigeaux, Dr.
Corrigan also until lately, Dr. Stokes, Mr.
Hart, and Mr. Beau, have maintained that the

first sound is synchronous with the diastole,

and not with the systole of the ventricles. Ac-
cording to Mr. Pigeaux, when the auricles

contract they project the blood against the walls

of the ventricle, and a dull sound (first sound)
is produced ; on the other hand, whilst the

ventricles contract, they project the blood
against the thin walls of the great vessels which
spring from them, and a clear sound (second

sound) is the result. Dr. Corrigan supposed
that the first sound was produced by the rush

of blood from the auricles into the dilating

ventricles, and that the second sound owed its

origin to the striking together of tlie internal

surfaces of the ventricles during their contrac-

tion, af\er they had expelled all their blood.

Mr. Beau believes with M. Magendie that the

first sound arises from the impulse of the

heart against the inner surface of the chest, but

differs from him in maintaining that this occurs

during its diastole, and not during its systole.

The second sound he believes to depend upon

the dilatation of the auricles. M. Piorry has

revived the obsolete and perfectly untenable

opinion of NichoU, that the two ventricles

contract at different times, and attributes
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niiiiiitain tin: views of llic rliytliiii of llie heart

wliitli wo liavt' licrc adopti'il, as rostiiin upon

tlio dull souml lo the conti-artion of the left

vciilvltle, ami the elear soiiiiil to ihc coiilractioii

of the riylil vi'ulriilc. Dr. David Williams,

while he believes that the lirst sound depend.s

u|K>h the rush of blood into the lar);e arteries

iluriu^; the systole of the >eiilM('les, attributes

the seeoud sound to the luusruli papillares,

which he considers as forniin^ part of the val-

vidar ap|>aratns, eausint; the valves lo strike

ai;aiiist the walls of the ventricles. Tluse luus-

cnli papillares do not, in his opinion, etnlract

dnrill^ the systole of the ventricles, but imme-
diately afterwards, for the purpose of tliruwiiijf

o\Ki\ die auriculo-ventrieulur valves. In a
former pari of this article sev(Mid circuin-

slunces are staled adversi^ to this opinion.

We shall now procwd lo the explanation of

the cause of these .sounds given by those who
! views of the rhythn

ive here adopted, as

the coneuncnl tesliniony of numeitms accurate

observers. These may be divided into those

wlio atlribule both sounils lo citusin iiilriiisic lo

tlic oif-iDi, or, in other words, to eireiimstances

occurring within the organ il.self, and into those

who place them ciicniul lo the. organ, and
depending uinai extnineous objects. The only
supporlere of the latter opinion an? Magendic
and his followers. Magendie luainlains that
" in contriicliiig,and for causes long since known,
llie ventricles throw the apex of the heart

against the left lateral part of the thorax, and
thus produce the lirst sound, i. c, the dull

sound. In dilating, in a great measure under
the inllueiiee of the rapid inlbix of the blood,

the heart gives a shock lo the anlenor paries

oil the right of the thorax, and thus produces
the second sonuil, the clear sound." In proof
of this, ho states that on removing the sternum
of n swan (an animal seletteil exjiressly for

the (experiment, a.s it inlcrfeiod less with llio

natural action of the heart than in the Mani-
luidia), he found that the uiovemeiiLs of the
lieart pixiduccd no sound, while, on ivplacing

llio sternum, and allowing the heart lo impinge
upon its posterior surface as in the natural

stale, both sounds were again distinctly lieanl.

lie adduces several aixniiienls drawn from the

action of the heart both in its healthy and dis-

ca.sod stale in favour of his opinion ; and ho
ingeniously allemiils lo got rid of the objtHlion

which must instantly suggest il.self, that in

many ca.ses, such as fiwpienlly occur in hyper-
trophy of the oiAjaii, the loudness of the .sounils

is diminished, while the force of the impulse
is increasi-d, by arguing thai in these eases this

incr»'asod impulse depends rather upon a
heaving of the chest priHlueeil by the heart,

which from its ineiea.sed sue is brought close

to its inner surface, than upon a ilislinci iiii-

pingement upon it, sneh as takes place in the

lieallliv slate. Dr. Hope, M. lionilland. Dr. l".

J. It. XVilbams, and the Dublin and London
llearl C'ommitees have, however, distinctly

heai-d ImiiIi souiuls of the licail, after that jHir-

tioii of the chest agtuusi w Inch it impinges had
lieen reinovcil. It may, neverllu-less, be objwted
to lhe^c e\|Hriments, thai as the slelhoscope was
used HI luaiiy ol tlicm, the inipuUc of tlic licuit

apjiinst the extremity may have produee<l an

ell'ect similar to ils impulse against the parieli'S

of the thorax. M. Ilouillaud, having appa-

rently this objection in view, .slates Oiat the

rubbing of the heart during its movemonU
against the extremity of the sUllioscupe, is

easily dislingiiishcd fioin the soniuls of Uio

heart; and that he lias distinclly heard both

.sounds, though firbler than tliioiigh a stetho-

scope, as was to be exiiected when uolliing but

a clotii was inleiposed bclween his naked ear

and the surface of the heart. Dr. C. .I.H.

W illiams, in his experimenls, heard both sounds

when the slelhoscope was iilaced over the origin

of the large arteries, and where no external

impulse could take place ; and this observation

was rcpcalid by the Dublin I'oinmillee. The
Dnbliii ('omiuitlee heard both sounds llirougli

the sledioscope, though feebler after the yvn-

eardinm had been injected with tepid water

;

and in another experiineiit lliey were also

liiaid when die lar was simply approxiiuatod

lo ihe org;ui. l"iiwn all lliese experiiiieiils, 1

think there can be lillle doubt that the niovL>-

ments of Ihe heart, independent of all extra-

neons eireiimstances, are alli'iided by a double

sound. As the impulse of the beaii against

the chest must produce some souiul, as any

one may convince himself by making the ex-

periment in the dead body, and as tins occurs

during the systole of the heart, or, in other

words, during the first sound, it may increase

the intensity of thai sound. Dr. II. Spittal,*

after relating several experiments in which a

sound similar lo that of the first .sound of the

heart was lieaixl by lapping gently with tliu

apex of the heart or the point of the finger

against the cliesi, both when empty and when
tilled with waler, and after pointing out several

sources of fallacy which he supposes were not

sutticiently guarded against in llie experiments

which wv have adduced above as subversive of

this view, and which desi'rve the allenlion of

future experimenters, comes lo the eouclusion

thai " it IS highly piolmble that the pereussion

of the heart against the thoracic parieles during

the eonli-.iction of the veiilricles assists male-

rally in the preiluctiou of the first sound."

He is also inclined to believe "that the act of

the sepamtion of the heart fnuu Ihe thorax after

its approach, which was found in his experiment

to produce a slmip, short sound, somewhat
resendiling the ordinary sound, may in certain

cireuiusiances be an n.ssisiaiit cause to the

second sound."+ Mageiidie's ex|)laimtion of

the second sound is ciunplelely untenable.

Among those who maintain that these sounds

depend n|ion causes inlrinsic lo the heart, the

Jim sound is ix'ferred by ItouancI, Hilling,

Hiyau, and Ilouillaud to the rapid approxima-

tion of iho auriculo-ventrieular valves during

the systole of the ventricles, to which llonillaud

* Kilin. Mod. ntui Siirtf. Jonmnl, July lfU)6.

t Thoujih Dr. Spiitiil is inrliiird lo briirvo thai

Ihe tnipiiUo itf llu' hciot nfinin^t thr clirst li.is coi\.

!tiiirnit)lt' rtliMir in llir itrittluclion ttl* llio linit soutul,

Uv (litoH nol ouiu-iir with Majcuititt iu the cxi>luua.'

liou u( tho octuud «ouud.
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iulilt the siidiU II soiKiralion of lliu iiciiillinmr

valves wlirii llic IiKhhI is I'orrtd into llic l;irv;<:

iirlones ; by Mr. Carlisle lo llie rii»liiii(5 of the

l>loo<l iiloii)( tlie iiiiier nurfacu of llie liinte

iirlerii'S during tlic systole of tlie vciilricles.*

Dr. Hope, in llu' ii|)|)en(lix to the second
edition of his work, deserilies it us eonsisling,

Isl, possihiy of a degrre of valvular sound;
'2d, of a loud smart sound |)roduced by tlio

al>slr,iel act of a sudden jerking extension of
the nniscular walls, in the snnie manner that

.such a sound is nrodneeil liy snnilar extension

of the leather ot a pair of hellows; to avoid
cireuniloculion, he eidls it th<: soiiiul of' r.r/t/i-

liim ; :id, a |irolon)tHtion and [Kissihly an au);-

menlation ol this sound by the sonorous vibni-

tions peculiar to niuseular fibre." F)r. V. J. 11.

Williams has very justly objected to the correct-

ness of the second cause heic adduced as

aiding ni the production of the first sound, ns

the plimsc " sound of extension" is obviously

<ontnidictory when" applied to a contractii.g

niu.scle.t l)r. C. J. H. Williams maintains
" that the firsl soun<l is ))roduced by the mus-
lular ciiMtraction il.self," the clearness of which
IS increased by the <|i»>ntity of blood in the
heart " allbrdnip an object around which the
fibres efreclually liy;hten, whilst the auricular

valve, by prcventini; the reflux of the blood,
inea'a.ses its resistance, and thus adds lo the
tension necessary for its expulsion." lie was
first led to the adoption of this opinion l)y tho
observations of I'.nman and Wollaston upon
the existence of a sound accompanying every
nipid nuiseular conlniction. This opinion he
afterwards put to the lest of exjicriment, the
results of which we give in his own words.
" Kxperiinent l.st, observation 8th; I pu.shed
niy finger through the mitral orifice into tho
lell ventricle and pres.sed on the right .so us lo

prevcnl the influx of bh>od mto either ventricle
;

the ventricles continued to conlmct strongly

(esjietially when irritated hy the nail of tlio

finger on the le(\), and the first sound was still

distinct, but not so clear as when the ventricles

(onlracted on their blood. Observation Olh.

'J'lie same jihenomcna were olwcrved when both
the arteries were severed from the heart." lie
also found in other observations that the first

soniul was louder over the surface of the ven-
tricles than over the origin of the large arteries,

which is in direct opposition to the opinion of
those who believe that this is produced by the
rush of blood along the great arteries. That
the first sound is not dependent niton the closing
of the auriculo-ventricular valves, he also
a.scerlained from observations, in which the
closure of tlie.si! valves was partially or com-
plelely preveuled, and yet the first sound was
sliU heard, llesides, this sound continues
during the whole of the ventricular systole,

while the shutting of the valves must lake place
and Ih! eomiileled at the commencement of the
systole." That the collision of the i>articles of

• Ai Mr. Carliilo is a mrnilxir of the Dublin
llfftrl ('iMiuntUrc. wo inuHt now c-nii«itlfr Itiin tts

ciiluiirtiliit Willi tin" rc|MMl of tlial Comiliittcu.
t McUituI UiucltG, Se|>t. 1U36.

fluid in the ventricles <'oe« not produce this

sound he was convinced from observations, in

which it conlinuetl although there was no blood

in the veiilrieles.

Tliougli we must admit that these exncri-

incnts of I)r Williams prove that jiart ut least

of the first sound is caused hy the musciilnr

conlniction of the vcnirieles, yet we must con-
sider it still problematiual, until we obtain

further observations, whether it produces thu

whole of that sound, for it is very (wssible that

some of the other ciiciimstances utiending ihu

systole of the heart may increase its intensity.

M. Mare d'l-lspine has maintained lliiit both

.sounds de|)eiid on muscular movements; the

first sound upon the systole, and tho second
U|H)ii the diastole of the ventricles. The Dub-
lin (.'oininittcc have in the nieanlimc concluded
that the firsl sound is produced either by the

ra[iid pas.sage of the blood over the irregular

internal surface of the ventricles on its way
towanis the mouths of the arteries, or by tho

bruit mutculaire of the ventricles, or jirobably

by both these causes. We must wait for further

experiments before this question can be fairly

settled.*

Second sound.—Lnler experimenters apjiear

lo be more nearly agreed ul)out the cause or
the second sound than that of the first sound.
M. llouanet npiiears lo have been the firsl who
publicly mainbiined the opinion that the second
sound was de|N.-ndenl upon the shock ol blood
ngninsi tho semilunar valves at the origin of
the aorta and pulmonary artery. M. lioiianet

himself acknowledges that he owed the sug-
gestion to Dr. Carswell, at that time studying
111 I'aris, who came to that conclusion by a
beaiilifiil process of reasoning ui>on tlic pheno-
mena which prc.si'ntcd themselves in a ease of
aneurism of the aorta. The same opinion has
been supjiorted by Hilling, Bryan, Carlisle, and
Uouillaud.f It is, however, to Ur. C. J. U.

* The Jjondon Comniiitoo, in thnir report i;iveii

in >l Ihe niitcting of Ihu llritiih McicniiAc Associa-
tion fur \KW, hiivn nililiii'i'il uino nilililionat opc-
liiiirnin in favour uf Itio opiiiiuii iliut iliu lint
sound of tho honrt lioponiU upon inimcular con-
traction. It appraroil to (liom Ihai tho auuml pro-
duced by ihs contraction of ihn abdominal muutra
ai lioanf through a flrxitilo tulio reMmblos tho
aymolic lound. Tlioy, however, admit that though
" llio impulio i> not tho principal came of the Arat
sound, it is an auxiliary and occational cause,
nearly null in quietude and in tho supine pottnre,
but incrcaiing very considerably the nound of tho
yatole In opposite circumalancei," Prnm tlie ureal
care wilfi which these expcrimonls appear lo havo
boon prifurmotl, wo belii-vo tbul wo are now fully
juRlitird in luloptin^ iliiti rxplniuition of lliu cauvo
of tho (iriit siiiiiid. Tho Dulilin Cnminiitoo, in ihclr
report, glvon in at tho nine time, afio ileinil lome
cxperinirnta wbicfi tboy believe lo be rontirmaiory
of tfioir former conclusions. 800 Sixth Itoport uf
Brilish Si'irnlitic Atitoriation.

t In jiititice In Dr. Kllioti, of Carlinlr, I niuit
stale ibni I And, on contuliinK hi* Thenis Do
Corde Kuiuano, publisfied in Kdtntiurgli in 11131,

that be states (p. d3) that ho believrn tfiat ilia

second ftound <ii Ifie lieart is dependent upon lh«
rush of blood from tlie auricle* into llie ventrictes

during their diaMtole, niid also upon llie audtlea
flnppinK inwnrd of ifie Hii;iiioid vnlveH at iho uligin
of the Targe arluiica by the icUucut bluud.
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Williams that we owe the first direct experi-

ments ill support of it. In one experiment he
ascertained tliat the second soutuI was louder

over the origin of the large arteries than over

the surface of the ventricles, wliile it was die

reverse with the first sound; that pressure upon
the origin of the aorta and pulmonary artery

suspended the second sound ; and that the

second sound disappeared after the auricles

had been laid open, although the first conti-

nued. In a second experiment* we find the fol-

lowing observations stated :—" Observation 6.

A common dissecting hook was passed into

the pulmonary artery, and was made to draw
back and thus prevent the closure of the semi-
lunar valves; the second sound was evidently

weakened and a hissing murmur accompanied
it. A shoemaker's curved awl was then passed

into the aorta so as to act in the same way on
the aortic valves. The second sound now
entirelt/ ceased and wns replaced bi/ a hissing.

Observation 7. The hook and the awl were
withdrawn; the second sound relumed and the

hissing ceased. Observation 8. The experi-

ment 6th was lepeated with the same result,

and whilst Dr. Ilope listened I withdrew the

awl from the aorta. He immediately said,
' Now I hear the second sound.' I then
removed the hook from the pulmonary artery

;

Dr. Hope said, ' Now the second sound is

stronger and the murmur has ceased.'" The
Dublin Committee have repeated and con-
firmed these experiments of Dr. Williams. In
their experiments one of the valves in each
artery was transfixed and confined to the side

of the vessel by a needle, and the second sound
disappeared ; on withdrawing the needles they
re-appeaied.

As the second sound thus appears to be pro-
duced by the sliock of the blond upon the semi-

lunar valves, its intensity must, in a great

measure, depend upon the diastole of the ven-
tricle drawing part of the blood back upon
them, but perhaps more particularly upon the

elasticity of the large arteries returning suddenly
upon their contents during the diastole of the

ventricles, when the distending force of the

ventricles has been withdrawn. We would
tlierefore expect that the second sound should
be louder in those whose aorta retains its elas-

ticity, than in those (a circumstance sufficiently

common in old age) in whom, from a morbid
alteration of the structure of its coats, the

elasticity is eidier lost or greatly diminished.

This is an observation which, as far as I know,
has not yet been verified ; but my friend Dr.
W. Henderson informs me that he is positive

fi-om numerous observations that the second
sound is louder in young than in older persons

;

but whether this is in the exact ratio of the

change upon the elasticity of the coats of the

large vessels he is not at present prepared to

say.

• These experiments were performed upon asses,

in which the sensation was first suspended by a
dose of wourara poison and then maintaining arti-

ficial respiration. In this manner the heart con-
tinued to act upwards of an hour after the com-
wcacemeut of the artificial rcspiratiou.

BiBLIOCIlAPIIY,— As a complete bihliography of

the Anatomy and Physiology of the Heart would
include all the systematic works on Anatomy and
Pliysiology, wc shall here confine ourselves to the
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fjohn Reid.)

ON THE ARRANGEMENT OF THE
FIIUIES OF THE HEART—[The Editor

hopes tliat the following detailed account of

tlie researches of Mr. Searle on this difficult

point of minute anatomy will not be deemed
unacceptable. Any reference to the labours of

other anatomists has been rendered unnecessary

in consequence of that part of the preceding

article wliich bears upon this subject.]

Prcliminarv remarks.—In order to unravel

the fibres composing the ventricles of the heart,

considerable prejxiration is necessary. Tlie

auricles, fat, coronary vessels, and external pro-

per membrane should be cleanly dissected off;

the heart should then be boiled thoroughly, but
not loo much, so as to give its fibres the requi-

site degree of firmness without rendering them
fragile. For example : sheep's hearts should

be boiled ten or fifteen minutes ; calves' twenty

or thirty, and bullocks' forty or fifty minutes

;

immediately afterwards lliey should be im-

mersed in cold water ; for if they be exposed

to the air while hot, their superficial fibres be-

come dark, dry, and brittle. As the process of

unravelling occupies many hours, and as the

heart requires to be preserved in a good condi-

tion, it should be immersed during the intervals

in weak spirit and water. The heart of the calf

is preferable to that of any other animal, it

being on a scale which affords distinct views,

while the fibres of young are more easily sepa-

rated than those of older animals. The con-

formation is the same in all quadrupeds, and

bears a complete resemblance to that of the

human heart. When the coronary vessels are

dissected off, a depressed line or track is left on
the anterior and posterior surfaces of the heart.

Since tliis line corresponds externally to the

entire edge of the septum, and to the boundary

of the right ventricle, it may be usefully era-

ployed in reference to these parts. It is there-

fore denominated the anterior or posterior co-

ronaiy ttack, accordingly as it pertains to the

anterior or posterior surface of tne heart.

"Tlie fibres of tlie heart are not connected

together by cellular tissue as are those of other

muscles, but by an interlacement which in

some parts is very intricate, and in otliers scarcely

perceptible. At the entire boundary of the right

ventricle they decussate, and become greatly

intermixed ; at the apex and base of the left

ventricle they twist sharply round each other,

and so become strongly embraced ; but in ge-

neral the interlacement is so slight that tliey

appear to run in parallel lines. Whether a

mere fasciculus or a considerable mass of this

last description of fibres be split in the direc-

tion of the fibres, a number of delicate parallel

fibres will present themselves, some being

stretched across the bottom of the fissure per-

fectly clean and free from anyconnecting medium
whatever; and although some must necessarily

be broken, yet these are so few that they do not

attract attention unless sought for. In this

process of separation very little resistance is

offered ; and none that is appreciable when a

single fibril is taken hold of by the forceps,

anti stripped off, and which could not be done if

bound down by cellular membrane.
If a piece of common muscle be afterwards

split, it will be found to offer great resistance, and
to be attended with so much laceration of the

fibres, that instead of a beautiful series of fine

muscular threads arranged in parallel lines,

a ragged mass of mutilated fibres appears;

and during the process of separation, the cel-

lular substance is seen not only to connect the

fibres, but to afford tlie resistance which is ex-

perienced.

This comparison obtains in the undressed

state of the specimens ; but when cooked,

other distinctions are met with. For example :

in whatever direction a roasted heart be sliced,

its cut surface is uniformly smooth, not grained

like other muscles when dressed ; and it eats

short, not offering that elastic resistance which

other muscles do during mastication.

The absence of cellular substance as a con-
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Fis- 278.

J'Vg. 281.

Cj-ca^

Fig. 282.

Pacc

necting medium among the fibres in question mined the fibres with me, could detect its exist-

is not only proved by the absence of its physi- ence.

cal characters, but by its not being discovered Since the chief utility of cellular membrane
tlnouuh the medium of the microscoi)e. Nui- in investing and connecting together the fibres

ther Mr. Kieruaii nor Mr. Goadby, who exa- of a muscle is, most probably, that of retaining
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them within their proper spheres of action,

and since tlie fibres of the licdrl are devoid of

this agent, tlic question arises as to what other

retaining power these possess. On this head

no dilHcully presents itself; for tlie fibres, in

winding round and round the cavity of the left

ventricle, become arranged in concentric layers ;

and in taking a larger sweep, in surrounding

the right ventricle, the same arrangement is

preserved, so that during the systole of the

heart the whole mass of the fibres firmly com-
press each other, which necessarily retains them
all within their proper spheres of action, ex-

cepting the superficial fibres, of which those

towards the base, and especially those upon the

right ventricle, where there is great latitude of

motion, do not preserve a parallelism with their

subjacent fibres, but lie nearly at right angles

with them. It is on tiiis account, most proba-

bly, that the superficial fibres have attracted

notice, and have been viewed as a distinct

layer.

The disposition of the fibres varies in diffe-

rent parts of the heart, forming parallel lines,

angles, decussations, flat and spiral twists. The
fibres are arranged in fasciculi, bands, layers,

and a ro|)e, which are so entwined togetlicr as

to form the two chambers called the right and
left ventricles. These ai-e lined with their in-

ternal proper membrane.
2'/ie J'usciculi are connected with the aorta,

pulmonary artery, and carnes columns, and
contribute to the formation of the bands.

'I'he bands.—By tracing the fibres in bands,

we are enabled to develop the formation of the

ventricles in a progressive and systematic man-
ner. The bands spring from a mass of fibres

which forms the apicial part of the left ventricle,

and which, in winding round Just above die

apex of the heart, separates into two bands to

form the right ventricle.

It will render the demonstration more intel-

ligible if a preliminary and cursory view be
taken of the general course of these bands

(Jig. 283, f). 626,) by referring to the diagram.
Ilie bands, as there given, form a mere
skeleton of the heart, merely indicating the se-

veral courses they take. The average width of
the bands is not less than a third of the extent
between the apex and base of the left ventricle.

In the diagram, CRc indicates the winding of
a considerable mass of fibres just above the
apex ; at the septum, s, it splits into two bands.
The shorter, Cacc, encircles spirally botli

ventricles, one half round the right, the other
round the left ventricle. The longer band de-
scribes two circles : it first passes through
the septum, round the left ventricle marked
CpcA ; it secondly passes round the base, and
includes both ventricles in its circuit, marked
progressively CpcAA,CpcA*i, CpcaaaaC, and
II u.

After employing so many letters, it is requi-
site to explain tliat as the liands are frequently
receiving fresh accessions of fibres, it is desira-

ble to characterise those increments individually
by the initials of the names of the respective
sources from which ihey are derived ; and in

order to make a distinction between the indica-

tions of the fibres and of their respective origins,

the latter are characterised by double, and the

former by single initials. Accordingly, the

aorta, the pulmonary artery, the rope, and the

carnes columna: are designated aa, pp, rr,

and tc, while their fibres are marked a, p, r,

and c. Thb plan is modified in one instance

only, viz., the fibres of the main bulk of the

heart, being derived from the rope and the two
carnex columnm of the left ventricle, are desig-

nated in the first instance by their proper ini-

tials CRC ; but as numerous increments of
fibres are being made, in succession, to these

three original sets, it is convenient to make an
abbreviation in the lettering; thus, crc is in-

dicated by C large, when combined with

other initials; accordingly, crca is con-

tracted to Ca, and crcpca to Cpca, and so

with the rest.

The lai/ers.—Although the heart admits of
being split into a number of layers, yet there

being no material division formed by tiisciae or

condensed cellular membrane, such separations

are strictly arbitrary. It is, however, found
convenient to separate the fibres into certain

layers, in order to give a methodical de-

monstration of the formation of this organ.

The same remarks obtain regarding the bands.

It is generally supposed tliat the superficial

fibres properly constitute a distinct layer, form-

ing a common sac, which encloses the two
ventricles. This is not strictly the case, for it

has the same origins and terminations as have the

fibres immediately subjacent to it. Neverthe-

less, the superficial fibres are, in the foUowinc;

description, considered as a separate layer, to

show the peculiar construction of the apex.

T/ie rope.—It has already been stated tliat

the longer of the two bands terminates at the

base in the rope. The fibres of this band, in

forming the brim of the left ventricle, make a
sharp twist like those of a rope, by which
means they become the inner fibres of this

chamber, and expand into a layer which enters

largely into the formation of the mass which
divides into tlie two bands. So the principal

band, although it receives several increments of
fibres, has no complete beginning nor ending,

a considerable portion of it originating and ter-

minating in itself, which circumstance renders

it necessary to fix upon the most convenient

part of its course for the commencement of the

demonstration.

Although the system here adopted of unra-

velling the fibres of the heart be strictly arbi-

trary, as every other must be, yet it will, most
probably, be found the only method by which
all the various courses, and several connexions

made by the fibres in forming the heart, could
be displayed.

The demonstration.—It is requisite to pur-

sue two methods of demonstration ;—one, de-

scribing the dissection, or unfolding, which
consists in unravelling and separating the fibres,

and tracing, from the circumference to the cen-

tre of the heart, their various courses, in the

form of bands, by which they become in order

unwoumi, and by which a general view of the

formation of the two ventricles is at the
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same time presented. The other, describing

the J'ormation, or winding up of the fibres,

conipreliends the retracin'j of tlie fibres fiom

tlie centre to the circumference, showing their

respective origins, associations, courses, con-

nexions, and terminations, also tlie manner in

which they are wound up to form the two ven-

tricles into one comjjact conical body.

T/ie dissection.— T/ie first stage consists in

separating the superficial fibres from the two
ventricles, which, perhaps, cannot be accom-
plished in a more simple manner than by rais-

ing them in the forms of two wings and a tail,

as represented mfig. 279, which is to be done
by commencing at the anterior coronary track,

cutting through the superficial fibres and de-

taching thera by means of a blunt scalpel in

their natural direction, so far as their insertions

at the base ; this will be found to divest the

right ventricle, and, from their obliquity, a part

of the left. (See the left wing, Cacc.) Then
recommencing at the anterior coronary track,

the fibres should be separated in the contrary

direction, over the left ventricle towards the

apex. These fibres take a very spiral course,

and as they approach the apex converge, but
on reaching it they twist sharply round upon
tliemselves, like the fibres of a thick cord, and
entering at the apex become the internal fibres

of this chamber. The remaining part of the

superficial fibres, extending from the apex to

the base, pertains exclusively to the left ventri-

cle; these should be divided an inch or two
above the apex, and the apicial portion detach-

ed, which will complete the tail, Crc. Its

fibres are represented, as they appear after sepa-
ration, untwisted. The basial portion of these

fibres should now be detached so far as the

annulus arteriosus, and reflected like the right

wing, Crc These, as do most other fibres

which approach the base, take a more longitu-

dinal course, and in general they become so

separated as they diverge to encompass the
basial part of the heart, that they cannot be
raised in an entire layer unless some of the

subjacent fibres be taken with them.
The second stage of the dissection comprises

the disconnecting the bands which compose the

outer or proper wall of the right ventricle.

The superficial layer of fibres having been re-

moved, there remain two other layers pertain-
ing to this wall of tlie ventricle, viz. the middle
and the internal. The middle is separable into

two bands, the upper or basial, and the lower
or apicial. It is better to detach the apicial

band first, which makes one spiral circle round
the heart. Its outer extremity being attached
to the root of the aorta at its anterior face, and
sometimes to the pulmonary artery also, an in-

cision should be made extending from the up-
per part of the anterior coronary track obliquely
towards the annulus arteriosus, which incision

should, in a calf's heart, be a little more than
an inch in length and a tenth of an inch in

depth. Tlie band should then be detached
agreeably to its spiral course from the base and
middle third of the left, and from the lower half
of the right ventricle, as far as the anterior co-
ronary track, the line from which the separation

commenced. It here receives on its posterior

surface a considerable accession of fibres from
the rji^ht surface of the septum, by the junction

of which this part of the boundary of the ven-

tricle is formed, but the furtlier separation of

the band prevented. In_^^. 281, in the first or

basial part of its course it is indistinctly seen,

marked Cacc. In //g. 282 its middle course

may be traced, although the half circle of the

band which wound round the left ventricle has

been cut off. In the preparation exhibited in

this figure the separation of this band could not
be effected under the posterior coronary track,

on account of the .separation having been con-
ducted too deeply, where the fibres decussate

to form the posterior boundary of the right ven-
tricle. ^n,ng. 281, which exhibits a dissection

of the right ventricle of a bullock's heart, the

whole of the band, Cacc, is separated as fiir

as the anterior boundary of this cavity, and lies

extended ; and the accession of fibres it re-

ceives from the right surface of the septum are

seen prolonged into it.

The basial band crosses the upper half of

this ventricle. It cannot be raised from its

situation on account of the numerous lateral

connexions it forms in its progress with the

margins of the orifices of the aorta, pulmonary
artery, and annulus venosus. In order to de-

tach it as far as it will admit, an incision about
half an inch on the right side of and parallel

with the anterior coronary track, should be
made, extending from its lower edge to the

base, and an eighth of an inch in depth, or as

deep as will expose the fibres from the pulmo-
nary arteiy, which in general pass at an angle

with those of the band. Although this band
cannot be disconnected from the base, it can in

general be detached from the fibres of the sub-

jacent layer, so far as the posterior coronary

track ; sometimes, however, they are too inter-

woven to admit of any separation. The first

part of this band is represented in fig. 281,
marked Cpcaa; it was divided more than

half an inch from the anterior coronary track.

Its continuation may be seen m fig. 2H2, lettered

Cpcaaa, where it is evidently not discon-

nected from, but merely raised towards

the base, and if replaced would overlap the

fibres taking the middle course round the heart.

The depression at the line of the posterior coro-

nary track, pet, is occasioned by the band being

bound down at the base and at its under sur-

face also, by which means the upper half of the

posterior boundary of this ventricle is formed.

As the further pursuit of this band pertains to

the third stage, it will be made hereafter.

The internal layer. By the separation of

the two former bands the internal layer is ex-

posed. It is composed of fibres from the pul-

monary artery and from one of the carnea; co-

lumna;. In fig. 281 the fibres, pc, are seen

arising from the root of the pidmonary artery at

its entire circumference, first forming a channel

and then expanding into a layer, which, in pro-

ceeding obliquely across the cavity, obtains an
accession of fibres from one of the carnea; co-

lumns;, which is not brought into view, and
which, on reaching the line of the posterior
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coronary track, joins a band emerging from l)ie

septum, and llius forms llie apicial half of tlie

posterior boundary of tliis ventricle. It is

raised from its situation, but when replaced its

edge, which is everted by the probe, applies

itself to the anterior boundary of this cavity.

This layer cannot often be so extensively dis-

connected from its superjacent bands as this

figure represents.

Tlie third stage of the dissection.—Having
separated the layers composing the right or

proper wall of the right ventricle, the next pro-

ceeding consists in detaching and unwinding
the band and layers composing the lefl ventri-

cle. First, the detachment of the basial band.

As this band has already been detached over

the right ventricle in the second stage of the

dissection, it is necessary to resume its separa-

tion at the posterior coronary track. But as

the further separation is somewhat difficult, it

will be rendered less so if the remaining portion

of this band be first examined in Jig. 282,
wherein it is represented detached. vV hen in

its natural situation it forms the uppermost
third of this, the left ventricle, and its lower
fibres overlap a part of those which occupy the

middle third. The fibres which overlap the

others in taking an oblique course towards the

base reach the brim of the ventricle and pass
over it, while the under fibres of this band are

appearing in succession, and taking a similar

spiral course until the whole bundle of fibres is

twisted in the form of a rope. In order, there-

fore.to traceoutand detach tliis band as it becomes
transformed into a rope, it is requisite to com-
mence near the posterior coronary track (pet),

in a continuous line with the lower edge of its

former portion, introducing the handle of a
scalpel obliquely upvrards so as to detach the

fibres which overlap those of the middle third,

and to carry the separation so far up as will

reach those marked a, coming obliquely down
from the aorta. In conducting tliis separation

from left to right it is soon fotmd that the fibres

of this bundle, instead of overlapping others,

become themselves by twisting overlapped,

rendering it necessary, therefore, to turn gra-

dually the handle of tlie scaljiel obliquely
downwards, tracing the rope according to its

windings. Two scaljiels will be required in

conducting the further separation.

The next step should be preceded by viewing
the fibres of the rope in fig. 280, descending
and radiating into a layer which sweeps round
the cavity of this ventricle. The heart should
now be placed in a small cup or jar of a siie

that will support it with its base upwards, and
' then, with the scalpels employed vertically, the

separation should be proceeded with, and in

passing through the septum a vertical section

should be made through the aorta in the

line of separation, which should be pursued
round and round, and progressively deeper
until the handles of the scalpels perforate the
external fibres, which, if they have been rightly

inclined, they will do a little above the apex of
:
the left ventricle, just after they have completed
the division through the layers of the septum.
The band of fibres occupying the middle third

of the heart, and which now pass over the scal-

pels, should be divided ; tlie incision being

made along the side of the jiosterior edge of

the septum. A section should be made through

tlie rope also, which allows the right ventricle

to be raised from the left, and the heart to be
unwound as far as the separation has been car-

rie<l. Tliere yet remains a mass of fibres

around the cavity of the left ventricle to be de-

tached. This last process of separation should

be conducted in a contrary direction to tliat

which has hitherto been adopted, viz. from right

to left, until the internal membranous lining is

exposed, and which should be torn in order to

lay open this chamber.
The heart can now be unwound and extended

as in Jifi. 278, placing the left ventricle, Iv, at

one end and the right at the other, removing
that section of the aorta, aa, connected to the

right ventricle from its counterpart which ex-

clusively pertains to the left, and which is hid-

den by the rope, rr ; removing also the two
portions of the bisected rope to the two most
distant diagonal points in this view. The
niche, Cpc, indicates the part occupied by
the divided band which passed along the mid-
dle third of the heart.

3'Ae seeond method of demonstration.—The
formation, or winding up of the fibres,

of the heart. Thi* description comprehends
the retracing of the fibres from the centre to

the circumference, showing their respective

origins, associations, courses, connexions, and
terminations, also the manner in which they

are wound up to form the two ventricles into

one compact conical body.

I'he jirst stage consists in retracing the su-

perficial layer from its origins to its termina-

tions. It is necessary to commence at the

very centre of the heart—the interior of the left

ventricle, whence spring the fibres composing
its main bulk. Fig. 278, at its right extremity,

exhibits the left ventricle, Iv, laid open, exposing

the two camese columnse, cc and cc, one of
which is placed out of its situation, in order to

show the interior of the chamber. The fibres

of the two carneae columns, cc and cc, ex-

pand in a fan-like manner ; those of the rope,

Rii, expand in a similar manner ; the radiated

fibres of each of these three bodies wind round
the axis of this ventricle forming its parietes

;

and as they wind so as to form an inverted

cone, it is clear that the inmost fibres alone

can reach the apex. Accordingly, a fxsciculus

of the inmost fibres from each of these three

bodies, marked c, n, and c respectively, pass

down to tlie apex associated together, and in

their course make a gentle twist from left to

right, gradually contracting the cavity to a
point and closing it ; they then twist sharply

round upon each other and complete the apex
marked cue conjointly, so that by means of
this twisting the internal fibres are rendered

external. These excluded fibres now enter into

the formation of the superficial layer, and form

the tail of fg. 279. They take a very spiral

course near the apicial part, and over the an-

terior surface of the left ventricle as far as the

anterior coronary track ; but as they approach
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tlie base, pass more longitudiuiilly. It is evi-

dent tliat these few fibres would be inadequate

to ioiin a complete layer, unless in tlieir pro-

longation tliey pursued an uniformly spiral

course. Tliey are more than enough to cover

the apicial part as tliey twist over each other;

but in consequence of the conical form of the

heart they soon become singly arranged, and

as they diverge, separate and leave interspaces,

some of which are occupied by fibres which

apparently arise abruptly at the surface. The

fibres which (lass longitudinally to the base of

the left ventricle are inserted into the tendinous

margin of the annulus arteriosus, and into the

posterior part of the root of the aorta, forming

the right wing, crc. The si)iral fibres have

been stated to arrive at the anterior coronary

track along its whole length. The majority of

them terminate at the coronary vessels ; others

are merely intersected by them, vvhile others

pass under these vessels and become super-

ficial again : those which maintain their course

over the right ventricle vary in different hearts

fixim a small to a considerable number. Along

the whole length of this track accessory fibres

from the interior of the right ventricle are

emerging to associate with these in their way
over this ventricle. They take a longitudinal

course to the base, and therefore start at an

angle with the spiral fibres which are on the

left side of the coronary track. In fg. 281

these accessory fibres from the aorta, a a, and

from two of the carnese columnae, are seen

passing together obliquely down the right sur-

face of the septum, marked acc, to enter

into the formation of the extended band.

These accessory fibres perforate it along the

anterior boundary, ab, and become super-

ficial. This layer is, accordingly, in fig. 279,
marked Cacc ; its fibres pass at nearly right

angles with the subjacent fibres, and when
raised form the left wing; its insertions are

the anterior part of the root of the aorta, the

tendinous margin of the annulus venosus, and
again the right part of the root of the aorta.

Sometimes festoons are formed at the base by
communications of fibres between the pulmo-
naiy artery and the aorta, at its right and pos-

terior aspects.

It occasionally happens that the accessory

fibres which arise from the interior of the right

ventricle are not very numerous; in such cases

a greater number of fibres arise abruptly from
its surface.

The superficial layer has three sets of ori-

gins : one, primitive, from the interior of the

left ventricle; the others, accessory, from the

interior of the right ventricle, and from the

outer surface of both. It cannot with pro-

priety be considered as one common invest-

ment, since each ventricle for the most part

gives birth to its own superficial fibres. It is

necessary to raise it as a distinct layer for two
reasons : first, that the superficial fibres of
the right ventricle in general jjass nearly at right

angles with their subjacent fibres, and there-

fore require to be removed in order to proceed
with the next stage of sejiaration : secondly,

that it developes tlie peculiar mode of closing

the left ventricle, and of forming the apex;

and probably no other method than that of the

twisting of the fibres could have been so secure,

es))ecially as the parietes at the apex of the

ventiicle do not generally, even in a bullock's

heart, exceed a tenth of an inch in thickness.

The second stage—The external layer having

been traced from its origins to its insertions,

we may now trace the deeji-seated layers ; and
as these have, for the most part, the same
origins, courses, and insertions as the super-

ficial layer, we may commence the description

at the same points.

It h.as been already staled that the fibres of

the rope and of the two carnea; columna; ex-

pand in a fan-like manner, that their inmost

fibres pass through the apex and become ex-

ternal, but tliat the chief of them wind round

the axis of the left ventricle above the ai)ex,

as exemplified in //^'. 279, cue. The respec-

tive sets of fibres pertaining to these three

bodies continue separate during their radi;ition

only, after which they become plaited together

by folding one over the others. Their mode
of association is shown in the extended portion

of the split layer, cnc in fig. 280, also in

its counterpart, crc, winding round the api-

cial part of tlie ventricle. Again, in fig. 278,

it may be seen that the fibres at the bases of

these columns turn under and pass up in con-

junction with those of the rope forming the

middle mass, crc, at the upper of which
they fold over making flat twists upon them-
selves, which have, however, become exag-

gerated in appearance by the unwinding of the

heart, as in rolling it up again some of the

angles are converted into spires, preserving a
considerable degree of parallelism.

Having shown the origins, and the method
adopted in the association, of the fibres form-

ing the middle mass in ^g. 278, we proceed by
tracing the divisions and prolongations of its

fibres, and the i)lan of building up the two
chambers of the heait. First, the forma-

tion of the Uj't ventricle. If the right carnea

columna, cc, be replaced in contact with is

fellow, and if the rope, RR, be brought

round the upper part of this cavity so as to

embrace them, and if portion 4 be split from

the middle mass, crc, and be wound, in

association with the apicial fibres, crc, round

the lower part of this cavity, that division of

the heart, comprising the left ventricle and the

middle mass, will bear a near resemblance to

that represented in fig. 280 ; in which figure

the rope, iiit, in embracing the heads of the

carnea; columna;, cc, brings into view its fan-

like fibres, R, sweeping round the u|>per part

of the axis of this ventricle ; in which the

fibres of portion 4, in winding round the lower

half of the axis, embrace the bodies of the

carneac columnse, cc, and associate with the

apicial fibres, crc, and in which the ex-

tended layer, crc, represents the middle mass
minus the portion 4, which is split from it.

Thus much pertains exclusively to the descrip-

tion of the formation of the left ventricle.

That of the right is more complicated, and

constitutes

—
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Tht third stagr. In pursuing the mass of

blended filiies, cue, occupying the middle

ofjig. 278, it is found that, after having formed

the left, it splits under the line marked by
stitrs into two bands, which embrace and con-

tribute to form the right ventricle, lliese sepa-

rated bands were stated in the preliminary

remarks to be of unequal lengths, the longer

making two and the shorter making but one
spiral circle round the heart. The longer, in

the first place, assumes the character of a layer

and forms the middle layer of tlie septum.

It requires to be described in three portions.

Portion 1, being attached to the valve of the

other section of the aorta, was stripped off in

unwinding the heart ; in the wound-up state it

passes over the pulmonary channel of fibres, p,

along the part marked 1, in its way to the

aorta, a a ; its absence, however, ojiens to

view the fibres coming from tlie base and form-

ing the right layer of the septum. Portion 2

proceeds from the starred line across to enter

into the formation of the rope, ru, and will

be noticed hereafter. Portion 3 is the longer

band; it is not entirely seen, being overlapped

by some of the fibres of portion 4 ; it passes

across to the niche, Cpc, where it was di-

vided in unwinding the heart, in order to

liberate the two ventricles which were encircled

together by this band. Previously to pursuing

this band further, it is better to trace it as the

middle layer of the septum in its natural situ-

ation—the wound-up state of the heart. In

Jtg. 280 it forms the extended layer, CRC, in

association with portion 2, and split from por-

tion 4, which does not belong to the septum ;

on being replaced, its cut edge, a, applies to

the cut edge, b, in passing as the middle layer

between the right and left layers of the septum.
Tlie middle layer is seen in Jig. 282 emerging

at the posterior edge of the septum, where
portion 2 disconnects itself to join at the under
surface the band above, but in this figure is

marked C large, indicating that it is derived

from this layer, which has hitherto been lettered

CRC This layer, being now deprived of all

its other portions, will hereafter be considered

as a band, and it has already been explained

why it should be denominated the longer band.
This band in emerging at the posterior edge of
the septum is joined by another band of fibres,

which is seen in fig. 281, forming part of the

internal layer of the proper wall ot the right

ventricle ; its fibres, pc, arise from the pul-

monary artery, pp, and from one of the

earneoe columnae not in sight ; they cross ob-
liquely over this cavity to the posterior edge
of the septum to join the band in ques-
tion. By the intimate blending of the

fibres of these two bands the apicial half

of the posterior boundary of this ventricle is

constructed. The longer band, now aug-
mented, is lettered accordingly in Jig. 282,
Cpc, and in proceeding soon receives at its

inner surface an accession of fibres, a, coming
down from tlie aorta. This band, Cpca, in

winding spirally from left to right round the
left ventricle along its middle third, gradually
approaches both the base and the surface : for

VOL. II.

THE HEART. C25

when it arrives at the anterior edge of the sep-

tum it becomes the basial band, and having
been traced round the left under the right ven-

tricle, in making its second circle it pa.sses over

that cavity, lu Jig. 2Sl the commencement of

its second course is exhibited. It is bisected,

one portion, Cpcaa, being held up by a

probe ; the other, at the anterior coronary track,

net, receives at its inner surface a fasciculus

of fibres, a, from the aorta, a a, and is also

lettered Cpcaa. Tliis fa.<iciculus and por-

tion of the band form together a groove, by
winding over the pulmonary channel when
brought down into Us place, and which toge-

ther form the basial ]>art of the anterior boun-
dary of this cavity. This band in its progress

round this ventricle constitutes the basial band
of the middle layer of its proper wall, and
forms so many connexions with the base, that

to trace them all would be found a very com-
plicated piece of dissection ; it is, therefore,

deemed better to give a general description of
them. For instance, the aorta presents three

different aspects under which this band is con-
nected to it: the first, at the termination of the
anterior coronary track ; the second, between
the pulmonary artery and the annulus venosus

;

and the third, between the annulus venosus and
the annulus arteriosus, or at the extremity of
the posterior coronary track. The aorta re-

ceives at each of these parts an insertion of
fibres from the outer surface of the band ; and
the band receives on its inner surface a fasci-

culus from the aorta. These reciprocal com-
munications occasion the band to be very firmly
bound down to the base, and to be arranged,
to a certain extent, into festoons. For each
of these accessions from the aorta, an addi-
tional A is added to the lettering of the band,
which is, accordingly, designated Cpcaaaa.
As the band passes the annulus venosus, its

outer fibres by a gentle obliquity in their course
successively arrive at its tendinous margin,
into which they become inserted immediately
below those of the superficial layer, and
some proceeding still more deeply pass
under the tendinous margin into the ven-
tricle, and form the musculi pectinati.

In order to avoid repetition it may be here
remarked, that this part of the description ap-
plies to the annulus arteriosus also. The last

two accessions of fibres this band receives

should be traced, since they assist in the con-
struction of the posterior boundary of the right

ventricle. In Jig. 282 this band is seen in the
latter part of its course round the right ventri-

cle, marked Cpiaaa; on reaching the pos-
terior coronary track, pet, it is joined on its

inner surface by two fasciculi which bind it

down to the base, but on each side of this

track it is separated and raised. One of these

fasciculi, the last derived from the aorta, is

not seen in this figure; the other appears emer-
ging from under this ventricle, being portion 2
of the middle layer of the septum, which
disconnected itself from this band, Cpc, in

its first circle round the left ventricle ; it is

marked C large, being derived from the middle
mass of fibres, crc, in Jtg. 278, in which

2 T
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portion 2 is seen crossing over to join the band
CpcaaaaC, just before it becomes the rope;

the fasciculus of fibres a from the aorta a a

is also seen joining this band at its inner sur-

face nearer the base. By the union of these

two fasciculi with the band in question, the

basial half of tlie posterior boundary of the

right ventricle is formed, liy pursuinsj, in

Jig. 28i, this band or combination of fibres,

lettered CpcaaaaC, it is seen to form, while

it is gradually twisting upon itself, the brim

of the left ventricle, and then to make a

sharp twist of its fibres into the rope R R, by
which means they are rendered the internal

fibres of the left ventricle ; in fg. 280 they

may be traced expanding again into a layer,

pursuing the same spiral sweep from left to

right, but from the base towards the apex, and

inwardly instead of outwardly. Thus the de-

monstration brings us buck to our starting-point.

We have yet to trace the shorter of the two

bands which originate in the splitting of the

middle mass of fibres, crc, in fig. 278, to

embrace the right ventricle. This view ex-

hibits only the inner fibres of this mass as they

are prolonged into the inner or longer of the

two bands; hitl Jig- 281 affords an outer view

of this mass of fibres as they are prolonged

into the outer or shorter band. They are seen

winding spirally up from the apex marked

CRC, and at the anterior coronary track, act,

they split, in the form of a band, from the

general mass to pass over the lower half of the

cavity of the right ventricle. In this figure

this band is separated and left extended, in

order that the accessions of fibres it receives

from the right surface of the septum may be

seen, which are the fibres a from the aorta

AA, and the fibres c and c form two of the

carnese coluranae (not in view) passing obliquely

down from right to left to the anterior edge of

the septum, from which they extend into the

band which is lettered Cacc, and unite in-

timately with its fibres. When the band is

replaced in its course over the ventricle, its

accessory fibres are made to reflect at an acute

angle upon themselves, and thus form the

apicial part of its anterior boundary. This

band describes one spiral circle round the heart,

arriving again at the anterior coronary track at

its basial extremity ; it is inserted into the

aorta, and if the fibres make a very ol)lique

approach to the base, they will be also inserted

into the tendinous margin of the annulus arte-

riosus. The continuation of tliis band round
the posterior side of the heart can be traced in

_fig. 279. Its width is equal to about a third

of the heart's axis; it is seen marked Cacc
in its .spiral ascent from left to right, passing,

first,a little below the middle third oftheheart;

at the posterior coronary track, pet, becom-
ing the middle third, and afterwards approach-

ing gradually the base in its way to its points

of insertion before-mentioned.

As the tracing the fibres from the circum-

ference to the centre, and from the centre to

the circumference, is a matter of much difficulty,

and as the description has been attended with

much detail, it is desirable that a more general

and concise view by means of a diagram should

be afforded of the courses which the fibres take

in constructing this organ.

Recapitilation. (Vid.lhediagram^g.283.)

We commence tracing the fibres of the heart

from its very centre. The fibres, cc, from the two
carnea; columniE of the left ventricle, lv, are

joined by the fibres, n, from the rope na,

after those fibres of the rope have expanded
and formed the internal layer of the septum S ;

in winding round the axis of this cavity they

blend together as the initial letters crc indi-

cate. The inmost of these fibres descend as far

as the apex, where they twist sharply round and
close the cavity, by which means they construct

the apex, and become the superficial fibres of

the heart. But the chief bulk of this mass of

blended fibres makes a spiral sweep from left

to right round the axis above the apex ; and when
it has described two circles, crc, it splits at

the anterior edge of the septum into two bands,

one being considerably longer than the other.

The longer fii'st makes one circle round the left

ventricle, then another, enclosing both ventri-

cles. In making the first circle it passes

through the septum forming its middle layer,

and on reaching its posterior edge it receives from

the pulmonary artery accessory fibres, which
have crossed over the cavity of the right ven-

tricle, forming the inmost layer of its right or

proper wall, and fibres from one of the carnese

columna; of this ventricle, and from the aorta,

being marked Cpca. The accessory fibres

are not represented, as they would have ren-

dered the diagram complicated and unintelligi-

ble ; but they are indicated by their initials

being added in the lettering of the bands.

This band in question may now be traced

round the middle third of the left ventricle

advancing towards both the base and the outer

surface of the heart ; on completing its first

Fig. 283.
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circle it arrives again at the anterior edge of

the septum, receives anotlier fasciculus of fibres

from the aorta, and is marked Oca a. It

is then seen to take its course round the base

and in front of the right ventricle. As it passes

by the right aspect of the aorta, it again receives

from it a fasciculus of fibres, and is lettered

Cpcaaa; on reaching the posterior edge
of the septum, it is further augmented by two
accessions of fibres, one from tlie aorta at its

posterior aspect, and the other from the middle
layer of the septum. This combination of

fibres from various sources is indicated by the

combination of theirinitial letters, CpcaaaaC.
It should be borne in mind that C large

is the synalepha of cue—the initials of the

primitive mass of blended fibres. This band,
in passing along the base of the left ventricle,

makes at first a gentle twist of its fibres form-

ing the brim of (his chamber; it afterwards

makes a sharp twist and assumes the form of a

roi*, by which means its fibres are transferred

to the interior of the ventricle. In descending
this chamber, they expand again into a layer,

and wind spirally round its cavity, first forming

the internal layer, R, of the septum, and then

associating with the expanded fibres of the two
carneie columnas, and thus arrive at the points

from which we commenced tracing them. We
now return to the anterior edge of the septum,
S, in order to trace the shorter band. At this

part the primitive mass of blended fibres splits

into two bands : the longer passes behind the

right ventricle through the septum as already

described ; the shorter passes in front. The
shorter first receives a considerable accession

of fibres from the right surface of the septum,
which pass down fi'om the aorta, and from the

two cames column* springing from this sur-

face : it is lettered Cacc ; it describes one
spiral circle round both ventricles. It first

passes over the lower half of the right ventri-

cle, forming the apicial band of the middle
layer of its proper wall, and then round the

left ventricle in an oblique direction to the base,

and terminates at the aorta near the anterior

coronary track, having completed its spiral

circle round the heart.

As the demonstration has, in reference to the

construction of the septum and of the right

ventricle, been unavoidably disconnected, it is

requisite to give a more systematic and com-
prehensive description of their particular for-

mation.

The scplum is composed of three layers : a
left, a middle, and a right layer. The two
former properly belong to the left ventricle

;

and the last or right layer exclusively pertains

to the right ventricle. The two former are

composed of the primitive mass of fibres de-
rived from the rope and the camea columnas of
the left ventricle ; the left layer being formed
of the expanded fibres, b, of the rope, RR,^g.280,
in their first sweep round the cavity ; and the
middle layer of the continued fibres of the
rope in its second sweep, blended with the ex-
panded fibres of the two cameae columna;.
These blended fibres form the extended layer

CRC ; its cut edge a applies itself to the cut

edge b, evidently forming the middle layer of

the septum. The last or right layer of the

septum has not the same origins as the two

former have. Its fibres aiise from the root

and lower margin of the valve of that section

of the aorta which |)ertains to the right ven-

tricle, from tliat part of the root of the pulmo-

nary artery contiguous to the aorta, and from

the carnciE columna; of the right surfiice of the

septum. The fibres attached to the aorta and

pulmonaryarterymay be seen in^'g. 278, lettered

a and R respectively, and in Jig. 280 the fibres

from the aorta blended with those of the car-

neae columns are exhibited marked acc,

forming the right layer of the septum.

T/ie rig/it ventricle.—Although tlie right layer

of the septum belongs anatomically to the right

ventricle, yet when functionally considered it

pertains, as well as the other layers, entirely to

the left. For the concavity of this layer is,

like that of the other layers of the septum, to-

wards the cavity of tlie left ventricle, and

therefore during the systole approaches the axis

of this cavity, while it recedes from that of the

right ventricle ; thereby assisting in the propul-

sion of the blood from the former, and to a

limited extent counteracting the propulsive effort

of the latter ventricle.

The right ventricle has, therefore, but one

proper wall, which is connected to the left

ventricle in a manner to be described hereafter.

The right chamber should be divided into three

channels : the aurieular, the putmonary or

ventricular, and the iipicial. The auricular is

that which receives the blood directly from the

right auricle ; the pulmonary is that formed
by the fibres which arise from the root of the

pulmonary artery at its entire circumference :

in Jig. 278, the pulmonary artery, pp, and the

fibres, p, are seen turned a little upon their

axis, by which means the fibres are rendered

oblique, and the channel the more complete

;

and the apicial channel is that which forms the

channel of communication between the other

two, and which extends to the apex. The pro-

per wall is considered as having three layers,

the superficial, middle, and internal, although

they cannot always be detached from each

other. The superficial is composed of the

mere superficial fibres of this wall, having the

same origins and terminations as have its sub-

jacent fibres; it forms the left wing Cacc of

Jig. 279, and may be seen in Jig. 281, raised

ftom the right ventricle and reflected over the

base marked Cacc The middle layer is

composed of two bands, the apicial and the

basial. The apicial is formed of the first semi-

circular portion of the shorter band of the

heart, and passes over the lower half or apicial

channel of this chamber ; it lies separated and
extended over the apex of Jig. -281, marked
Cacc The basial band of this layer is

formed of the first semicircular portion of the

longer band as it makes its second circle round
the heart. It is bisected and separated as

seen at Cpcaa, of Jig. 281; in its natural

situation it passes over the pulmonary and
auricular channels of this ventricle, and is

closely connected to the base. The internal

2 T 2
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layer arises cliicfly from tlic pulmonary artery,

pp ; it first forms tlie pulmonary channel, p,

and then expands into a layer which crosses

obliquely over the apicial channel, associated

with fibres derived from one of the carneae

colunma;. The basial portion of this layer

which crosses over the auricular channel, can-

not often be separated from the fibres of its

superjacent band, the fibres of the musculi

pectinati being intricately interwoven with

them. When this layer is replaced, its lower

loose edge applies itself to the anterior boun-

dary, a h, of this cavity, and is lined with its

internal proper membrane. Of the three layers

composing the proper wall of this ventricle,

two, the middle and inner layer^, are confined

at the edge of the septum, forming thereby the

lateral boundary of this cavity.

The boundary of the right ventricle.—It is

true that every part of the internal surface of this

chamber contributes in forming its boundary.

But, as this cavity is formed chiefly by the

splitting of the mass of fibres into layers and
by their re-union, it is clear that unless the

layers so separated were well secured at their

points of junction, their separation would pro-

gressively increase, and the cavity enlarge to a
fetal extent by the repeated dilatations to which
it is subjected. The mode of union which
secures this lateral boundary merits therefore

particular notice. As the lateral boundary
corresponds to the edge of the septum, it admits
of the same division into anterior and posterior.

The anterior boundary being formed by the

splitting of the layers, and the posterior by their

re-union, their respective modes of construction

are not precisely similar. The anterior boun-
dary is principally formed by a certain set of
fibres winding and reflecting upon themselves,
as shewn mjig. 281. The basial part of this

boundary, a b, is formed of fibres a, from the

aorta a a, winding over the pulmonary channel
of fibres p, in contributing to form the band
CpcAA. The fibres of this channel also con-
tribute to form this part of the boundary,
as is represented in_^g. 278. The apicial part
of this boimdary is obviously constructed by
the fibres acc which form the right layer of
the septum being prolonged into the extended
band, which on being replaced occasions them
to be doubled upon themselves in passing over
the apicial channel in association with the fibres

of tins band.

The posterior boundary is constructed by
the re-union of the fibres which pass in front

of the cavity with others which pass behind it,

and by the attachment of some of the fibres at

the base to the aorta. The basial half of this

boundary being formed by the conjunction of
the under fibres of the basial band Cpcaaa,
fig. 282, with a fasciculus of fibres, c, emerging
from the middle layer of the septum, and with
another fasciculus of fibres, a. Jig. 278, arising
from the aorta, aa. That part of the boundary
contiguous to the base is greatly strengthened
by the outer fibres of the basial band being
attached to the aorta at its posterior aspect.
And the apicial half of the posterior boundary
being formed by the conjunction of the prin-

cipal part of the internal layers of fibres which
cross obliquely the cavity of the right ventricle

with the chief part of the fibres of the middle
layer of the septum as they emerge at its pos-

terior edge, where they freely decussate. In

fig. 281 the internal layer of fibres, pc, is seen

crossing the cavity obliquely towards the apicial

part of the posterior boundary, and mfig. 282
their conjunction with the fibres which emerge
from the septum is seen forming a firm union.

But the lateral boundary is rendered doubly

secure by the curious circumstance of the

coronary vessels, deeply penetrating the sub-

stance of the heart along the entire edge of the

septum, stitching down, as it were, just on the

outside of the boundary, all the fibres which
form it.

The conical form of the heart.—The only

point now remaining for consideration is the

conical form of the heart. This form admits of

the following explanation. Along the central

cavity of the left ventricle are placed the two
carnetE columnae, the length of which is equal

to the lower three-fourths of the length of the

axis of this cavity. The fibres of these two

bodies radiate, as represented mfig. 278 ; and
the radiated fibres wind round the axis closely

upon them, as is seen in fig. 280. By this

radiation, instead of all the fibres passing

longitudinally, which would have preserved

these bodies in a state of equal thickness

throughout their length, they are progressively

parting with their fibres, retaining but a few,

which, by their longitudinal course, reach the

apex ; consequently these columns gradually

diminish, becoming pyramidal, and forming

together an inverted cone ; and as the fibres in

well-formed hearts wind closely round these

columns, the entire ventricle gently assumes

the form of a cone. And although the right

ventricle is, as it were, appended to the left,

yet It is not so connected to it as to destroy the

conical form, but, on the contrary, in such a

manner as to form a concave parabolic section

of a cone which adapts itself to the gentle cone

of the left ventricle. Tlie two ventricles thus

united assume the form of the more rapid cone

of the heart.

Construction of the auricles.—For the pur-

pose of ascertaining the mode in which the

fibres form the auricles, large hearts, as those of

bullocks and horses, should be selected. Not-

withstanding the muscularity of the auricles is

very much greater in large than in small hearts,

yet the plan is the same in both, although less

developed in the latter.

The fibres of the auricles arise chiefly

from the tendinous margins of the annulus

venosus and annulus arteriosus ; they ascend

interiorly, and arrange themselves into several

columns, which give off' branches. Some of the

branches form a simple communication between

two of the trunk-columns, but most of them
subramify, by which means the interstices are

filled in. In small hearts the columns are not

only more slender, but more numerous and in-

terlaced ; in these, the interstices in many
places are not filled in, the internal and external

proper membranes being in contact, and thus
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completing the wall. Fig.2B4 Bflbrds an interior

view of a section of the riglit auricle, in which,

Fig. 284.

the lining membrane being removed, the fibres

are seen arising from the tendinous margin of

the annulus venosus av, forming the internal

part of the wall of this auricle, and in their

progress up arranged into columns, c, the

branches of which are entwined together so as

to construct the appendix. These convo-
luted columns at the posterior as])ect of the

appendices are flattened, as shown in fig. 285, r,

where their fibres are associating together, and

Fig. 285.

in passing round the edges to the anterior sur-

face becomeevenly arranged again, as seen in the

appendix a of the right auricle, ba, of^fig. 286.
Thus far tlie construction of the two auricles

agrees, the fibres of each arising from its respec-

tive annulus, forming first the inner part of the
wall of the auricle, and then being arranged
into columns which entwine together, forming
the whole of the appendix. The fibres of the

right auricle, after having formed the wall of
this cavity, are prolonged to form the outer part
of the wall of the left auricle. As may be seen

iajig. 286, the fibres which extend from the con-
voluted fibres of the posterior surface of the

right auricle, ra, wind evenly arranged, some
over the apex, and otliers round the auricle,

marked c, completing the outer part of the wall

of the entire auricle : they then meet at the

septum S, across which they pass associated

together, marked d, and on reaching the left

auricle divide into an upper portion and an
anterior and posterior band. Tlie upper portion
is composed of the continued fibres D, which
proceed up the appendix and encircle its apex.
The anterior band E winds round the lef\ au-
ricle la, and on reaching the root of the

aorta k, its fibres become more or less at-

tached to it in different hearts ; in its course
upwards, marked f, when it has comi)leted a
circle it passes behind the fibres which form the

first part of the circle to enter into the formation
of the fleshy columns of the appendix. The
posterior band passes over the left auricle be-
tween the appendix a and the vena cava su-
perior cs; and in Jig. 285 it can be traced,

coming over, marked o, and passing along the
posterior surface of this auricle la, including
in its course the posterior edge of the appendix
A ; the fibres which pass along tlie posterior

edge of llje appendix, on arriving at the ante-
rior edge, separate from the band o to pursue
their course round the edge of the appendix,^
now along the anterior edge,—<md join the
fibres D, which cap the apex. This division
of the band which encircles tlie appendix is con-
stant, and evidently affords particular strength
to its edge. The band itself o winds down
towards the base, expanding and surrounding
the orifices of the pulmonary veins p ; some
of its fibres become lost on the surface of the
auricle, and the otliers may be traced to the root
of the aorta.

This band cannot be completely detached in
consequence of some of its fibres being inter-
woven with its subjacent fibres.

The left auricle, without the addition of tliese

bands, would nearly balance in substance and
strength the right; their addition gives, there-
fore, to the left a considerable preponderance
in these res|iects over the right auricle.
The septum S is, in Jig. 286, shown to;be com-

posed, superiorly, of the transverse band of
fibres D, which passes fi^m tlie right to the
left auricle ; in its middle part, of the ascending
fibres H, which arise from the root of the aorta
K, and pass up behind the band d, some
joining this band, the others proceeding to the
vena cava superior cs ; and lastly, at the infe-
rior and posterior part, of a slender fiisciculus
of fibres which crosses the septum transversely
between the root of the aorta k and the vena
cava inferior ci, extending from the annulus
venosus to the left auricle, but which cannot be
seen in this figure.

In concluding these remarks on the construc-
tion of the auricles, it may be mentioned that
in the heartsof large animals agreat differenceex-
ists in the structure of the two vena; cava", the
superior being particularly fleshy, and the inferior
apparently devoid of muscularity.

(H. Searte.)
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HEART, ABNORMAL CONDITIONS
OF.—There is no organ in the body in whioh
the variousdeviations from the normal state have

been more diligently or more carefully explored

than the heart ; nor ought it to be otherwise,

when we take into account the important part

which the heart performs in the organism, and
the serious nature of the derangements which
its diseases in general produce,—how many or-

gans and how many functions are involved in

the break-up which too often follows the oc-

currence of morbid alterations of the heart.

The great frequency* of diseases of this organ,

and the manifest and tangible shape which these

diseases assume, as well as the little liability

of its component structures to those appearances

which have been denominated pseudo-morbid,

these circumstances render it comparatively

easy to detect and observe its abnormal condi-

tions. To one who has made the natural

condition of the whole organ, as well as of its

several parts, the subject of careful study,

there is no field of investigation in morbid
anatomy which presents fewer difficulties.

The records of anatomy are not without in-

stances of total absence of the central organ of

circulation (iicardiu) ; and it may well be
supposed that such cases would also afford

examples of the defective development of other

not less important organs. In short, it is in ace-

phalous and anencephalous foetuses that the heart

is most frequently v\anting, although its ab-
sence is not, as some observers sujjpose, a con-
stant characteristic of these forms of monstro-
sity ; nor on the other hand does acardia ne-

cessarily imply acephalia or anencephalia.

Thus in the case recorded by Marriguesf, and
quoted at length in Breschet's Memoir Sur
V Ectopic (III C(EMr,Jthe brain was present, while
all the usual contents of the thorax were
wanting, their place having been supplied by
a large bladder full of clear water which occu-
pied the whole thoracic cavity. The detads
of another case were communicated many
years ago to the Royal Society by Sir Benjamin
Brodie, and are published in the volume of
their Transactions for 1809. The foetus was
one of twins, as is most frequently the case
when the heart is absent. The brain was
" nearly the natural size, and nothing unusual
was observed in it." The heart, thymus gland,

and pleura were absent, and the lungs most
imperfectly developed. The aoita, however,
was tolerably perfectly developed, but as a con-
tinuation of the umbilical artery extending
from the left groin upwards on the fore-part of
the spine to the upper part of the thorax, where
it gave off the two subclavian, and afterwards
divided into the two carotid arteries without
forming an arch. The external and internal

iliac arteries of the left side came from this

artery in the left groin immediately after it left

the umbilicus, and the common iliac of the

• Oat of 520 post-mortem inspections recorded
by Dr. Clcnilinning, 170 were cases of diseased
heart, or about 33 per cent.— Vide his Croonian
Lectures for 1838, Med. Gazette, vol. xvi. p. 657.

t Mem. de Mathem. pres. a l'.4cad. des Sc. I. iv.

% R6p. Gen. d'Anat, et de Physiol. I. ii.

right was given off from it in the lumbar region

after it had gained the situation of the aorta.

We shall first examine the congenital devia-

tions from the normal state in this organ, and
secondly its morbid alterations.

I. Congenital abnormal conditions.—These
are observed under three heads. 1. Congeni-
tal aberrations of position, or ectopiae of the

heart. 2. Malformations by defect in deve-
lopement. 3. Malformations by excess of de-
velopement.

1. Congenital aberrations of position.—The
simplest form of malposition is that in which
the heart retains the vertical position which it

occupies during the early periods of intra-ute-

rine life ; but of this the authentic instances are

rare.* Better known is that deviation ui which
the heart is directed downwards, forwards, and
to the right side. This malposition generally

occurs as a part of a universal transposition of

the abdominal and thoracic viscera, of which
many well-marked examples are now on re-

cord ; however, it sometimes, although more
rarely, exists alone without ectopia of any
other organ. Breschetf records four cases of

this latter kind. OttoJ has met with three in-

stances, and many other examples are scattered

among the records of anatomists.^ In this

form of transposition of the heart, the aorta

sometimes passes down along the right side of

the spine, and at other times down its left side.

In the latter case the transposition is not so

complete, the ventricles retaining their natural

position with reference to the anterior and pos-

terior aspects of the body. Again the heart

may be pushed too much to the left side, as a

mechanical result of congenital diaphragmatic

hernia of the right side; and it has been
found laid across in the chest from one side to

the other, the apex being at one time directed

to the right side, and at another to the left,

or turned upside down, the base toward the

abdomen, or in that cavity, the apex upwards
still remaining in the thorax.

In such cases as have been just detailed,

the heart still retains its title to be considered

as a thoracic viscus ; but other and more re-

markable malpositions of it have been found,

where it is excluded from that cavity. These
are, in fitct, congenital thoracic hernise in va-

rious directions, of which Breschet, whose
memoir already referred to contains the most
complete account of this subject, enumerates

three principal varieties, according to the situ-

ation in which the heart is found, viz. the

superior or cervical displacement, the abdo-

minal or inferior, and the thoracic or anterior.

Thus Breschet details a case in which the

heart, lungs, and thymus gland were all con-

tained in the anterior part of the neck, forming

a large tumour under the lower jaw. The
point of the heart was attached to the base of

the tongue, and placed between two branches

of the lower jaw. The thorax was occupied

• Sandifort, Obs. Anat. Path.

t Op. cit.

X Sclt. Beobacht. part i, p. 95, and part ii. p. 47.

^ Rciiss' Repertorium, vol. x. p. 90-91.
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by the abdominal viscera, which had passed

up throujjfh a fissure in the diaphragm. In a

second instiince of this high displacement the

apex of the heart adhered to the palate; but in

tliis case the malposition appears to have been
owing to a morbid adhesion of the umbilical

cord to tlie head, by which all the viscera were
drawn out of their natural positions. A less

degree of cervical displacement is where the

heart is found immediately above the thorax,

in the front of the neck, which, however, is

very rare.

\Vhen the malposited heart is found in the

abdomen, the diaphragm is generally deficient

to a greater or less extent.

In a case narrated by Mr. Wilson,* the

heart was in a fissure on the convex surface of

the liver—the infant lived seven days 1 Ramel
also gives an instance of the heart being placed

in the region of the stomach, and the indi-

vidual in whom he observed it was ten years

of age. And in the extraordinary case related

by Deschamps, the heart occupied the place of

the left kidney 1 Not the least marvellous cir-

cumstance about this case is, that the indi-

vidual was an old soldier, who had served

several campaigns, and enjoyed excellent health,

with the exception of nephritic pains, which
ultimately procured him his discharge from the

service. The right kidney alone existed, and
was found in a state of suppuration.+ The
vessels emanating from the heart passed through

an opening in the diaphragm into the thorax.

Dr. Paget mentions some instances of vari-

eties of position which parts of the heart may
assume with respect to each oUier. In a case

recorded in the first volume of the Edinburgh
Medico-ChirurgicalTransactions by Dr.IIolmes
of Canada, the right auricle, enlarged to the

capacity of a pint, was found to open into the

lett ventricle in place of the right, into which,

however, the blood afterwards found its way
through a small perforation in the septum of the

ventricles.

The aorta and pulmonary artery may arise

from one ventricle alone, either right or left, and
instances of each prseternatural origin are pre-

served in the museum of the Edinburgh Col-
lege of Surgeons.

When the anterior wall of the thorax is de-
ficient, the heart may be found protruding

through the opening, as in fissure of the ster-

num, or a defect in its inferior portion as well

as in some of the ribs ; nor does this mal-
position necessarily destroy life. Where the

deficiency is not confined to the wall of the

tliorax, but also extends to the abdomen, the

stomach, liver, and spleen, with the heart, are

found occupying a large hernial sac in front

of the opening, which is sometimes contained

in the sheath of the imibilical cord, or covered

by an extension of the common integument.

I

In the case of simple fissure of the sternum,
it has occurred that the heart had not protruded,

but occupied its natural position, bemg simply

• Phil. Trans. 1798.

t Quoted by Breschct from the Journ. Geo. dc
Med. C. xxvi.

exposed to view by the abnormal opening in

the chest.*

2. Malformations hi/ defect in devehpement.

—Our liinits cc.mpel us to restrict the present

account to little more than an enumeration of

the congenital malformations which may be

placed in this class. In these malformations

we find a diminution in the normal number of

the heart's cavities, either from a very early

arrest in the developement of llie whole organ,

or from a total non-developement of the sep-

tum, or from its imperfect developement. A
few rare instances, many of which have oc-

curred in the lower quadrupeds, of an ex-

tremely imperfect state of the heart, are quoted

by Otto, in which that organ seemed to consist

of nothing but a fleshy enlargement at the

commencement of the aorta, described as " a

mere fleshy mass without any cavity," or •' a

longish solid mass from which the vessels arise,"

" or a mere expanded vascular trunk."

The dicalious heart of Hunter, or that with

two cavities, exists at a very early period of the

developement of the Mammiferous embryo:

it is described and figured by Baer in the em-
bryo of a dog, of three weeks, only four lines

in length, as consisting of a single auricle and

a single ventricle.f The [)ermanence of this

state of the heart, similar to the natural con-

dition of that organ in fishes, constitutes one

of the simplest but rarest malformations in the

human subject. From the ventricle a single

vessel arises which subdivides into the aorta

and pulmonary artery. A very perfect example
of this malformation is described by Mr.Wilson

in the Philosophical Transactions for 1798;
it is the same case which has been already al-

luded to as affording an instance of malposition.

In this case the blood was returned from the

lungs by two veins which joined the superior

vena cava, and entered the auricle along with

it, the inferior Cava being formed in the usual

way. Other examples are recorded by Mr.
Standert,t Dr. Farre,§ Professor Mayer,|| and
Dr. Ramsbotham.^
The heart with three cavities (tricoilia of

Hunter), that is, containing two auricles and
one ventricle, or that form of the heart which

belongs to the Batrachian reptiles, must be

very rare, if indeed it ever occurs.

A case is related by Breschet,** in which a

• The reader who desires farther information on
the congenital ectopia of the heart, may consult

Breschet's memoir already referred to ; Dr. Paget's

Inaugural Dissertation on Malformations of the

Heart, Ed. 1831 ; the article on Displacement of

the Heart, by my valued friend Dr. Townsend, in

the Cyclopeedia of Practical Mcdiciue, vol. ii.;

Fleischman de vitiis congen. circa thoracem et

abdomen, Erlang. 1810 ; Weese de Ectopia Cordis,

Berol. 1819; and Haande Ectopia Cordis, Bonn.
1825.

t De ovi Mammal, et Hominis Genesi ; also

in Forbes' Journal another case by Baer, vol. i.

plate 2, fig. 9, human embryo about the fifth

X Phil. Trans. 1805.
' On the Malformations of the Human Heart.

Arch. Gen. dc Med. lom. xvii.

Lond. Med. and Phys. Journal.
•* Rep. Gen. d'Anat. torn. ii.
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single ventricle and two auricles existed, but
along witli an imperfect inler-auricular septum.
The two auricles, tlieretbre, virtually formed
one cavity. A similar case is recorded by
Wolff,* and is remarkable from tlie fact that

the individual in whom it was observed lived

to the age of twenty-two. These hearts then

do not exactly correspond to the tripartite heart

of Batrachia, inasmuch as the two auricles

communicale. A similar case, shewn by Mr.
Lawrence to Dr. Farre,t explains more par-

ticularly the true nature of the malformation.

It was a deficiency of the septa, both auricular

and ventricular, the latter having been alto-

gether wanting ; the former consisting only of

a small muscular band, which left a large fora-

men ovale witliout a valve, but the venae cavae

and pulmonary veins opened into their respec-

tive auricles, which externally appeared to be
quite separate. The ventricle communicated with
the two auricles by a single ostium ventriculi,

and the aorta and pulmonary artery, the en-
trance of the latter being somewhat contracted,

arose side by side from the left part of the

ventricle.

Most of the other defective malformations of
the heart consist in praternatural communica-
tion between the right and left cavities, resulting

from various causes. 1. The communication is

direct,either from an open foramtn ovale, or from
an imperfection in the septum of the auricles

or of the ventricles, or from the co-existence
of all three or any two of them. 2. The com-
munication is indirect, the septa being perfect,

but the ductus arteriosus remaining pervious.

The open foramen ovale is by far the most
common of all the malformations of the heart

;

numerous examples of it are now on record,

as found in persons of all ages. The opening
of communication varies considerably as to size,

apparently according to the period of develope-
nient at which the arrest took place ; the di-

ameter of the opening ranges between two and
twelve lines. We know that the size of this

orifice is inversely as the size of the fcetus

during inlra-uterine life, whence we may infer

that the larger the opening is, the earlier must
have been the period at which further deve-
lopement ceased. In many instances the valve-
like portions whicli bound this opening have
acquired their full developcment, and the only
defect seems to be the non-adhesion of ihtir

margins, so as to close the cavity ; this non-
adhesion again may involve the whole extent
of the margins of the valves, or only a very
small portion, thus leaving a large or small
opening of communication between the two
auricles. Such a condition of the inter-auri-

cular septum does not necessarily occasion
that intermixture of the blood which so com-
monly accompanies the conmiimication be-
tween the rii;ht and left cavities; and where
the opening is small, of course this inter-

mixture is the less likely to occur. Thus every
anatomist must be aware that it is not an un-
frequent occurrence to find an opening large

• In Kroysig's ilic Krankcit, Hcrz. li. iii.

t Loc. cit. p. 30,

enouffh to introduce a goose-quill in the hearts

of adults who during life exhibited no derange-

ment of the circulation, and who died of dis-

eases totally unconnected with the heart. On
the other hand we are often surprised at the

amazing size of the opening in the hearts of

persons who have lived many years, and have

shewn less disturbance of functions than the

freedom of the communications between the

auricles would warrant us to expect. In many
of these cases the absence or mildness of sym-
ptoms may be accounted for by the obliquity

of the passage of communication, and the

overlapping of the margins of the valves, so

that at times they completely oppose the flow

of the blood from one side of the heart to the

other, whilst at other times the passa;;e is left

more or less free. In a heart which I lately saw
in the Museum of Guy's Hospital, the circumfe-

rence of the open foramen ovale was equal to

that of a halfpenny, (i. e. about an inch in

diameter,) and yet the patient had lived to the

adult period; and in a case quoted by Dr.

Farre from Corvisart, the foramen ovale was
" more than one inch in diameter." Such cases

strongly favour the opinion that the foramen

undergoes considerable enlargement when once

all impediment to the passage of the current

of blood from one side to the other has been

removed.* More rarely we find the fossa

ovalis cribriform, and thus several small open-

ings of communication exist between the

auricles, and sometimes in addition to the un-

closed foramen ovale, we have a true imi)er-

fection in the septum, as in the case related by
W aller,t and another by Otto.J

Imperfection in the septum ventriculorum is

a much less frequent cause of the communi-
cation between the right and left hearts than

the open foramen ovale. The opening, varying

in diameter from two lines to about an inch,

is situated towards the base of the septum,
so that the ventricles communicate at their

bases ; a fact which evidently indicates that the

opening results from the progress of the de-

vclo|>ement of the septum being arrested near

its completion, since the base of the septum
is the last \x)rtion formed. The orifice of com-
munication generally opens upwards towards
the orifices of both arteries, and is bounded
inferiorly by the rounded smooth edge of the

ventricuhu' septum. In these cases the aorta

opens into both ventricles and appears to arise

from both ; and frequently the orifice of the

pulmonary artery is contracted and more rarely

obliterated, either fiom non-developement or

from previous morbid action ; moreover, ap-

* It is not, perhaps, correct to suppose every
case of open foramen ovale congenital ; at least

it is certain that many patients date tlieir symptoms
from a tall or blow ; and even without any evi-
dence of the occurrence of such violeucc many
cases have been observed which can be explained
only by supposing that tlie foramen ovale liad been
morl)iiJly re-opened. See Abernclhy in Phil.Trans.
1798 ; Otto, Selt. Ueobachtungcn ; and Pasquatini,
Meniorie suUa frequenle apertura del focaniine
ovale rinvenuta nei cadaveri dei tisici. Hum. 1827.

i Dbsrrvat. Analom.
t Pathol. Aaat. by South.
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parently as a consequence of this contracted

state of the arterial outlet of tlie right ventricle

the ductus arteriosus often remains open, which,
by its communication with the aorta, conveys
some blood into the pulmonary arteries from
that vessel ; and, as a further complication, the

right ventricle is very small and appears merely
as an appendage to the left; sometimes also

the left auricle is very small, while tlie right is

much dilated.

Where so much complication exists, as that

just detailed, one is only surprised that vitality

can be at all supported after extra-uterine life

has commenced; yet we find that children with
hearts so malformed live three, four, or five

days, and even as many weeks or months;
but where the perforation of the septum is not

accompanied with the contracted state of the

pulmonary artery, life may be prolonged to a
considerable |)eriod. Thus, Louis quotes one
case of a general officer (age not stated), whose
death was occasioned by the active part lie took
in the American war. Along with ossified

valves of the right auriculo-ventricular orifice,

there existed a perforation of the septum ven-
tiiculorum large enough to admit the extremity
of the lilUe finger. In another case, quoted
fW)m Richerand, tlie patient aged 40, the per-
foration of the septum was half an inch in

diameter.

We say that the two sides of the heart com-
municate indirectly when the ductus arteriosus

continues, as in its fostal state, to convey the
blood of the right heart into die aorta descen-
dens, where it becomes intermixed with the
blood of the left heart. But it is very rare to

find this condition existing alone, and when it

does so exist, the canal of communication is

generally very narrow. More frequently it is

complicated with a contracted slate of the pul-

monary artery, tlie place of which it seems to

supply. In a case related by Mr. Ilowship,*
this vessel constituted, in fact, the trunk of
the pulmonary artery. The pulmonary artery

proper arose in its usual situation, but was
quite impervious at its root, though far beyond,
and terminated in a cul-de-sac beside the heart.

Similar cases are recorded by Dr. Farre. At
other times the ductus arteriosus is employed
to supply the place of the aoria descendens; the
aorta is perfect only as far as the termination
of its arch, where it contracts, and its con-
tinuation is formed by the ductus arteriosus,

through which the descending aorta receives
its whole supply of blood.f

A very perfect case of this kind is quoted
by Dr. PagetJ from Steidcle. The aorta and
pulmonary artery arose as usual ; the aorta was
entirely distributed to the head and upper
extremities, while the pulmonary artery, after

giving oft' two branches to the lungs, con-
tinued as the aorta dcscaiikns without any
communication with the aurta asccndcns.

Malformations of the valves.—A not un-
important class of defective malformations in

* Edin. Med. and Surg. J( u^. vol. ix.

t Sec Sir A. Cooptr's cjscs in Farrc, loc. cit.

} Loc. cit.

die heart consists of imperfections in the num-
ber or structure of the valves. The aorta may
have two valves only, one of which may retain

its natural form and size, while the other pre-

sents the appearance of having been formed

by the fusion of two valves ; it may therefore

present one or more openings in it, so as to

appear somewhat cribriform. A similar con-

dition is met with in the pulmonary artery,

when sometimes die three valves seem as it

were united to form one membrane, which like

8 diaphragm stretches across the mouth of the

artery, and is perforated in the centre by an
opening through which the blood finds its way
into the artery. This narrowing of the orifice

of the pulmonary artery is the most frequent

of the congenital malformations of the valves

:

we have already described it as a frequent con-
comitant of imperfect septum of the ventricles.

Congenital imperfections of the mitral and
tricuspid valves are of very rare occurrence.

The perforated or cribriform condition which
is frequently seen affecting these valves, the

Eustachian and Thebesian valves, and more
rarely the semilunar valves, is probably the
result of a morbid atrophy.

Congenital abtence of the pericardium.—
Connected with the malformations by defect

of developement we may mention the con-
genital absence of the pericardium, which,
although very rare, rests on too strong evidence
to admit any further doubt of the possibility

of its occurrence. Most of the cases related

by the older authors were in connexion with
displacement of the heart, and from the liabi-

lity of mistaking universal adhesion of the
pericardium for this congenital absence, many
anatomists, among whom was Ilaller, denied
diat such a defect had ever existed.

Dr. Uaillie* was the first of modern anato-

mists who accurately described a case of this

kind. " Upon opening," he says, " into

the cavity of the chest, in a man about forty

years of age, in order to explain at lecture the
situation of the thoracic viscera, I was ex-
ceedingly surprised to see the naked heart
lying on the left side of die chest, and could
scarcely at first believe what I saw, but the
circumstances were too strong to keep me long
in doubt. The heart was as bare and distinct

as it commonly appears in opening into the
cavity of the pericardium, and every collateral

circumstance confirmed the fact Tlie

heart lay loose in the left cavity of the chest,

unconnected in any way except by its vessels

;

was of a large size, elongated in its shape,
and had its apex opposite to the eighth rib.

The right auricle was obviously in view in the

same manner as when the pericardium has
been opened, and the vena cava superior and
inferior were clearly observed entering into it.

The appendage of the left auricle was as clearly

in view ; and when the heart was inverted, so
as to have its apex turned upwards, the extent

of its cavity was seen with the two pulmonary

* On the want of a pericardium in the human body,
in 'transactions of a Society for the Improvement
of Med. and Chir. Knowledge, vol, i. p. 91, with
a plalc of the appearances.
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veins of the left side entering behind the ap-

pendage, llie right and left ventricles were
distinct, with tlie coronary vessels running

upon them ; and the aorta and pulmonary
artery were seen clearly emerging from them."
Tliere is nothing in Dr. Baillie's description

to indicate positively whether the visceral layer

of the serous pericardium was absent or not,

although we may infer its absence ; what he
says bearing upon this subject is as follows :

" The heart was involved in the reflection of

the pleura, belonging to the left side of the

chest, which became its immediate covering,

and upon making the slightest incision into the

substance of the heart, its muscular structure

was laid bare, as in any common heart de-
prived of its pericardium."

Breschet* has put on record a case in which
the pericardium was absent, not altogether, but

in greatest part. The subject of it was a

young man of twenty-eight years of age, who
died in the Hotel Dieu of an inflammatory

affection of the intestines. The heart lay free

under the left lung without any external tibro-

serous envelope. The mediastinum was
formed only by a simple serous lamina belong-

ing to the right pleura, and upon the left of

this lay a rudimentary fibrous capsule, attached

above to the origin of the great vessels. The
serous membrane was altogether absent, but
the heart was immediately inverted by a serous

lamella, which was prolonged from the left

pleura. In both this case and that of Baillie,

the left phrenic nerve was displaced and brought
towards the mesial line of the body, and not
covered by the serous membrane,—an anato-

mical character, which, as Breschet suggests,

may serve to distinguish congenital absence of
the pericardium from the simple adhesion of

that membrane to the heart.f

II. Ma/formations of the heart by excess of
developement.— Plurality of the heart itself

may be obviously regarded as coming under
this head ; but I am not aware of any instance

in which a double heart has been found in a

perfect single foetus, nor can the possibility of

such an occurrence be deemed admissible.

It is in monsters formed by the junction of two
that this double form of the heart has been met
with. Thus, in one case referred to in Bouil-

laud's work, all the upper parts of the foetus

were double, while the inferior were simple.

There were two heads, two necks, quite separate

and of the ordinary size. The necks terminated

in a single very wide thorax, to the upper part

of which and between the insertion of the

two necks an arm was attached in the vertical

direction, one perfectly formed arm being

placed on each side of the thorax. There were
four lungs, each having a distinct pleura, but
only one diaphragm : there were also two
hearts and two pericardia, each of which had
two venae cavae and a pulmonary artery, four

pulmonary veins and an aorta. The two aortae

• Mem. sur un vice de conformation congeuitale

des enveloppes du coeur : Hep. Gen. d^Anat. t. i.

p. 212.

t See references to other cases in Otto's Path,
Anat. by South, p, 254.

united at the lower part of the dorsal region

of the spine, and formed the artery by which

the abdominal viscera and lower extremities

were supplied.

The evidence respecting the occurrence of

an increase in the number of the parts of the

heart is very unsatisfactory. The often quoted

case of Kerkring,* with a double right ven-

tricle ; one by Vetter,t with four auricles and
four ventricles, quoted by Otto; a third byChe-
mineau,! with three ventricles, are, if genuine,

the most remarkable instances on record, be-

sides various instances in the lower animals,

especially birds. Andral states that he has

seen a heart with three auricles, and another

with (bur ventricles: it is much to be regretted

that he has given no description of these sin-

gular mallbrmations §

Supernumerary cavities, or septa dividing

the primitive cavities of the heart, are the most

common instances of excessive developement.

Adopting the arrangement of Andral,|| we
find— 1, a supernumerary cavity forming a

sort of accidental appendage to one of die

auricles or ventricles, and communicating with

the cavity of tlie part to which it is attached :

2, a supernumerary septum, forming an im-

perfect division of one of the natural cavities;

3, a second cavity, completely partitioned otT

by one of these septa, and giving off super-

numerary vessels, which communicate with the

regular vessels of the heart. It appears to me,

however, to be very questionable that all cases

of supernuiTierary cavities are the result of ex-

cessive development, but that, on the contrary,

they are sometimes mechanically consequent

upon defective formation in other parts. At
least It is in this way that I account for the con-

dition of the heart of a boy, aged ten years,

which I examined several years ago, and which

has been described by my respected friend. Dr.

John Crampton, in the Transactions of the

Dublin College of Physicians for 18.30. In

this heart there were three instances of defective

developement.—absence of the valves of the

pulmonary artery, an open foramen, and an

imperfect septum ventriculorum. Attached to

the right ventricle there was a supernumerary

cavity with which the pulmonary artery com-
municated. This cavity communicated also

with the right ventricle, by an opening large

enough to admit the little finger, and formed

under the columniE carneae of the ventricle. The
pulmonary artery was not only destitute of

valves, but at the usual situation of the valves

its lining membrane was puckered, by which

its orifice was manifestly contracted. The su-

pernumerary cavity, in this instance, was in all

probability occasioned by a partial dilatation

of the infundibular portion of the right ventri-

cle, in consequence of the obstruction at the

pulmonary orifice.

Increase in the number of the valves of the

large arteries may be counted among the ab-

• Spicil .4nat. ohs. 69, p. 139.

t Aphorism, aus der Pathol. Anat.

} Hist, de I'Acad. des Sc. an. 1699.

li Path. Anat. by Townsend, vol. ii. p.

II
Loc. cit.]

333.
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noniial formations by excess. Thus, four or

even five valves are occasionally found in the

pulmonary artery more frequently than in the

aorta. The supernumerary valves are always

small, an<l sometimes appear to have been
formed at the expense of the next normal one.

Ammiulinis connexion oj' the vessels of the

heart. — Our space will only permit us to

enumerate the ])rincipal observed varieties.

1. The aorta or pulmonary artery, or both,

appear to arise equally from both ventricles,

the se|>tum of the ventricles being more or less

deficient. 2. The aorta may arise from the

right ventricle, and the pulmonary artery from
the left, the veins preserving their natural posi-

tion. 3. The vena azygos opens into the

right auricle. 4. The hepatic veins open into

the right auricle. 5. The ductus arteriosus

0])ens into tlie right ventricle. 6. Two superior

vena; cavse open into the right auricle. 7.

Very rarely the right auricle gives insertion

to one or more pulmonary veins, and on the

otlier hand the left auricle receives sometimes
the superior vena cava, and at other times the

inferior. 8. Meckel states thai he has seen the

great coronary vein of the heart to open into

the left ventricle.* Professor JefTray, of Glas-

gow, relates a case in which the inferior cava
opened into the upper part of the right auricle,

taking the course as well as the place of the

vena azygos.

On displacement or ectopia of the heart as a
consequence »/' disease.—The most common
cause of morbid displacement of the heart is

an eflusion of air or liquid into one of the

pleural cavities. The displacement is most
manifest when it follows etfusion into the left

side, by which the heart is pushed over to the

right, the degree of displacement depending
on the amount of effusion, and thus alteration

of the heart's position becomes one of the

diagnostics ofempyema, hydrothorax, pneumo-
thorax. In general, the more rapid the effusion

the more certainly will the displacement be
effected, and the greater will be its extent. In
nine Ciises out of ten, as my friend Dr. Towns-
end remarks,-!- when the heart is removed out of

its natural situation, the displacement will be
found to have arisen from empyema or pneumo-
thorax ; and of twenty-seven cases observed by
him, the heart was perceptibly displaced in

every instance. On the other hand, when the
eflti.sion is slow and gradual, the extensibility

of the neighbouring textures is more completely
brought into play, and the displacement of the

heart is thus counteracted, whence it hapjx^ns

that in cases of chronic dropsical effusions into

the chest, displacement of the heart is not of
frequent occurrence, nor is it extensive when it

does take place. When the effusion occurs on
the right side, the heart may be pushed more to

the left, and upwards, than is natural, but to

effect this a considerable effusion is necessary.

The first notice of this fact is due to my able
friend. Dr. Townsend, to whose article I have
already referred. In a case of pneumothorax

• This enumpralion is taken from Bouillaiid,
Traile dcs M-jlaHies dii Coeur, i. ii. p. 588.

t Cyclop. Pract. Med. vol. ii. p. 390.

to which he refers, and which I also witnessed,

the effusion was on the right side, and the

heart was distinctly seen and felt pulsating

between the fourth and fifth ribs, near the left

axilla. After paracentesis, which was performed

by the late Dr. M'Dowel, the heart gradually

returned to its normal (losition, as the displacing

force was removed by drawing off the air and
fluid contained in the opposite pleura. More-
over, as has recently been ascertained by Dr.
Stokes, the absorption of an effusion of the right

side will cause the heart to be displaced to that

side, the pleural cavity being obliterated by
lymph, while the lung of the left side is en-

larged so as to aid in occupying the vacant

space and pushing the heart over.

It is scarcely necessary to observe that tu-

mours forming in the right or left sac of the

pleura may occasion displacement ; thus aneu-
rismal tumours may push the heart to the right,

to the left and upwards, or even forwards and
outwards against the wall of the thorax, or

downwards, so that its apex will pulsate in the

epigastrium. Of this last displacement. Dr.
Townsend* relates an example. I have my-
self observed, some years ago, a case where the

heart was pushed for>vards and outwards, and

.

as it were compressed against the ribs by an
enormous aneurism of the thoracic aorta; the

sounds of the heart were so modified by this

compression as to lead to the erroneous diagnosis

of concentric hypertrophy. In the case recorded

by Drs. Graves and Stokes,t the heart was
pushed upwards and to the right side by an
ab<lominai aneurism, so as to pulsate in the in-

tercostal space of the third and fourth ribs. Dr.
Hope mentions the displacement to the left by
an aneurism of the ascending aorta. Any
cause which pushes the diaphragm upwards
and prevents its descent, such as distension of
the abdomen by an enlarged viscus, a tumour,
or an effusion, will change the position of the
heart, so that its axis will be directed horizon-

tally ; and Dr. Hope has remarked that the

same position may be produced by an adhesion
of the pericardium to the heart, by which its

enlargement downwards is prevented. A
diaphragmatic hernia will displace the heart to

an extent proportionate to that of the visceral

protrusion. In a case recorded by Drs. Graves
and Stokes, the stomach and a large portion of
the transverse arch of the colon were lodged in

the left cavity of the thorax, and pushed
the heart and mediastinum towards the right

side. When the lung is enlai^ed from dilated

air-cells, the heart may be displaced : it may
be drawn considerably downwards by the dia-

phragm, which yields before the enl-ai-ged lung,

thus increasing the vertical diameter of the

chest ; or it may suffer a slight degree of lateral

displacement, the mediastinum being pushed to

the right side by the lung.J

Dr. Stokes has related the lemarkable, and
so far as I know unique case of displacement,

or as he terms it " dislocation," of the heart

• Loc. cit.

t Dub. Hosp. Rep. vol. v. p. 10.

i See Dr. Slokes s valuable work on Disease! of
the Chest, pp. 187-I91.
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from external violence. The patient was
cruslied between a water-wheel and the em-
bankment on which tlie axle was supported.

Several ribs were broken, as well as the right

clavicle and humerus. The heart, which, ac-

cordini; to the statement of the patient, had

always occupied its natural situation, was now
found beating at the right side.*

MORBID ALTERATIONS OF THE MUSCULAR
SUBSTABCE OF THE UEART.

1 . Inflammutiun of the muscular structure of

the heart, or carditis (the carditis proper of some
pathologists).—The same anatomical characters

which would lead us to pronounce any muscu-
lar tissue in a state of acute inflammation,

would justify a similar conclusion respecting the

lieart. But from the sparing deposition of cel-

lular tissue around this organ and between its

fibres, the anatomical phenomena which denote

the previous existence of inflammation are not so

marked in it as in the muscles of animal life ; and
judging from the rarity of these organic signs, as

well as from the unfrequent occurrence of those

symptoms which so great a morbid process could

scarcely feil to produce, we may reasonably

conclude that active inflammation deeply im-
plicating the cameous fibres of the heart, and
originating in them, is very seldom met with.

The anatomical characters indicative of car-

ditis are a dark, almost black, colour of the

muscular substance, the fibres of which have

lost in a great measure their cohesive power;
they are very compressible and readily torn,

and consequently cannot be easily isolated to

any great extent, although easily separable en
masse. When the muscular wall of either ven-

tricle is pres.sed, the blood oozes out from the

divided vessels on the cut surface in much
greater quantity than usual. In Mr. Stanley's

case, as in all cases, the dark colour of the

fibres " evidently depended on the nutrient

vessels being loaded with venous blood." When
in addition to these signs we find purulent de-

posits in various {larts of the muscular struc-

ture, and moreover, when it is manifest that the

internal and external membranes are implica-

ted, from the effusion of coagulable lymph on
them to a greater or less extent, no doubt can
be entertained respecting the exact nature of

the lesion. In Mr. Stanley's case, " upon
looking to the cut surface exposed in the section

of either ventricle, numerous small collections

of dark-coloured pus were visible in distinct

situations among the muscular fasciculi."t A
similar case has been recorded by Dr. P. M.
Latham, the anatomical characters of which ac-

corded with tliose above mentioned. " The
whole heart was found deeply tinged with dark-

coloured blood, and its substance softened ; and
here and there, upon the section of both ven-

tricles, innumerable small points of pus oozed
from among the muscular fibres." J

Every anatomist must have noticed how
variable is the colour and the consistence of the

muscular structure of the heart, even indepen-

* Med. Gazette, vol. viii,

t Meil. Cliir. Trans, vol, vii.

t Med. Gazette, vol. ill.

dent of disease of the lining tissues. The pale,

soft, compressible, flexible, and, to use a com-
mon word, Jlabbi/ heart, strongly contrasts with
the firm, plump, fresh-looking elastic one; in

tlie former, the flaccid parietes fall together im-
mediately the cavities are emptied ; in the lat-

ter, the surfaces retain their convexity, althougli

the contents of the cavities have l)een com-
pletely removed. Between these two extremes
there are various grades of colour and consis-

tence, of which Bouillaud particularises three

as being the result of inflammation, the red

softening, the white or gret/, and the yellow.

The first is probably that which may be said

unequivocally to follow primary inflammation
of the muscular texture ; the other two, how-
ever, as Bouillaud admits, occur most fre-

quently in connection with pericarditis : they

occur, too, as Dr. Copland observes, where no
sign of inflammation is manifest, and where
during life there had been no evidence of car-

diac disease ; in cases of general cachexia and
of constitutional disease, attended by discolora-

tion of the surface of the body, arising, in fact,

as Dr. Williams explains, from an altered state

of the nutrition of the organ, owing perhaps to

partial obstructions in the coronary vessels ra-

ther than to the immediate influence of inflam-

mation. Tliis last excellent observer makes the

following judicious remarks in reference to this

matter.* " To judge that the tissue of the

heart is especially diseased, we must see that it

difiers much in appearance from the other

muscles of the same subject. You will find,

on comparing the same muscles in different

subjects, a remarkable variety of colour; and
in some there is no freshness in any of the

muscles, but all are pale, and verging on a
pinkish drab or dingy brick colour." Perhaps
the most correct arrangement of the various cir-

cumstances under which softening of the heart

may take place is that given by Andral. 1st,

Softening connected with active hypera;mia of
the heart ; 2d, softening connected with anaemia
of the heart ; 3d, softening connected with
atrophy of the heart; 4th, softening connected
with an acute alteration in the general nutritive

process (as in typhus) ; 5th, softening connected
with a chronic alteration in the general nutritive

process (as in a variety of chronic diseases)

;

6th, softening which we are not yet enabled to

refer to any morbid condition of the heart itself

or of the rest of the system.

f

Suppuration.— The occurrence of an abscess

uncomplicated with any other lesion in the

walls of the heart, does not unequivocally de-
note the previous existence of carditis, although

it may afford strong presumptive evidence of
the fact : when, however, we find abscess, with

lymph or adhesions of recent date, we may rea-

sonably infer its inflammatory nature. Dr.
Copland has introduced in a note to his inva-

luable and profoundly learned article on Dis-

* Lectures on Diseases of the Chest, Med. Gas.
vol. xvi.

t Otto says that violent exertion appears as in

other muscles to render the heart easily broken
down ; tims, for instance, it is found very weak in

hunted deer.
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eases of the Heart,* an abstract of scveial cases

in wliich pus was found in the substance of the

heart. Those quoted from Corvlsart, Uaikem,
and Simonet, and probably tliat from Dr.
Craves, ) may be regarded as examples of puru-
lent formation following carditis, general or

partial. So likewise is I^ennec's case, in

which, however, the carditis was consequent
upon pericarditis. There is no anatomical cha-

racter which will enable us to distinguish whe-
ther a simple purulent deposit, surrounded by
natural muscular texture, be inflammatory or

not, for there is no reason why the heart should
be exempt from that which we know often

occurs in other muscles, namely, non-inflam-

matoiy deposits.

VUerutum.—As true carditis seems to be
generally admitted to be rare, so we may con-

clude tliat ulceration is equally so. It is by
the ulcerative process that some of the perfora-

tions or ruptures of the parietcs of the heart

take place ; it is probable, however, that the

great majority of the ulcerations we meet
with commence from the surface, and result

from membranous inflammation rather than
from that of the muscular substance; the ulcer

commences on the surfaces, either in or imme-
diately subjacent to the internal or external

membrane ; and as it burrows deeply, it may
perforate the muscular wall, and so destroy the

membrane on the side op|M>site to that on which
the ulceration had commenced. Sometimes an
ulceration of this kind gives rise to aneurismal

tumours or sacs, very variable in size, projecting

from that part of the cavity which corresponds
to the artery. It seems evident that these

tumours are produced by the pressure of the

contained blood distending the thinned and
yielding wall of the heart. We shall return to

this subject further on in treating of aneurisms
of the heart.

Indumtion.—This condition of the muscular
structure of the heart seems most probably to

be a result of inflammation, especially of the

chronic kind. It is generally found in small

circumscribed portions ; it may occur in any
part of the heart, and may even co-exist with
softening : the hardened portion has become
particularly firm, is cut with ditficulty, and when
struck with the scalpel sounds, as Laennec
says, like a leather dice-box. It is harder,
denser, less elastic, and as regards colour is

paler than the hypertrophied muscular tissue.

CartUtiginous and osseous transformations.—
Induration of the subserous cellular tissue of
the heart is in general the precursor of many of
these transformations. This indurated portion
increasing in thickness gradually assumes the
appearance of cartilage—in this cartilage the
calcareous particles are deposited. I have not
been able to ascertain whether this so-called
ossification exhibits, on examination by the mi-
croscope, the lamellar arrangement of true bone,
as osseous transformations of certain permanent
cartilages do, those of the thyroid cartilage for

example. These calcareous or osseous patches

• Diet, of Medicine, part iv. p. 191.

t Load, Med. and Surg. Journal, vol. vii.

or tumours compress the subjacent muscular
tissue, and produce atrophy of them, and ac-

cording to Andral, sometimes are connected by
prolongations of the same material wiili other

calcareous deposits formed round the orifices.

Many pathologists believe that these transfor-

mations are the result of inflammation. I sup-

pose there can be no doubt that they follow an
increased afflux of blood, and so they may be
considered, although not an immediate, at least

a remote effect of inflammation, or rather of the

altered nutrition and secretion to which inflam-

mation gave rise.

In a case recorded by my friend Mr. Robert
Smith, of Dublin, the apex of the left ventricle

was converted into a dense, white, firm, car-

tilaginous structure, the division of which with

a scissors required the employment of con-
siderable force ; the alteration of structure had
extended to some of the carneje columnae.*

2'iibcrcles.—These productions are very

rarely if ever met with in the heart. No re-

liance can be placed on roost of the instances

recorded, in consequence of the imperfect and
unsatisfactory descriptions accompanying them;
what appears to one person to be tubercular

may present a totally different aspect to anotlier.

Laennec says vaguely, " only three or four

times have I met with tubercles in the muscular
substance of the heart." And Andral states,

that they are never met with in the heart,

except when they likewise occur in other
muscles. Otto says, " although I have dis-

sected a great number of scrofulous men and
animals, I have never found a tubercle on the
heart, and therefore consider them very rare."

Dr. Elliotsonf mentions a case in which there

were scrofulous deposits in the walls of the
left ventricle, surrounded by white and almost
cartilaginous induration. In a case which came
under my own observation, in a woman be-
tween 50 and 60 years of age, there were several

white tumours in the parietes of the right

ventricle, each about a quarter of an inch in

diameter, of uniform consistence throughout,
nor showing any disposition to softening in the
centre.

Scirrhus.—Equally unsatisfactory are the
reports of anatomists respecting this alteration.

Hullicrand Billard relate cases in which scirrhus

had developed itself on the heart, llullier'sj

case was an instance of degeneration of tlie

whole substance of the heart into a scirrhous

mass, which formed irregular knobs on the ex-
ternal and internal surfaces of the heart. Bil-

lard found three scirrhous tumours embedded in

the heart of an infant only three days old. J
Medulluri/Jungus, or encephaloid tumours,-—

Of these, several instances are quoted by Andral
from others, and he describes two which he
saw himseiril In the first of Andral's cases the

whole of the walls of the right auricle and
ventricle were converted into a hard, dirty

white substance, traversed by a number of

* Dub. Jonmal, vol. ix. p. 418.

t Lumlcyan Lectures, p. 32.

X Bull, de la Faculte, 1813.

\ Malad. dcs Enfans.

Il
Loc. cit. voU ii. p. 346.
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reddish lines, and possessing all the characters

of encephaloid. In the second case, the

external wall of the right ventricle was occu-

pied by a tumour extending from its apex to

its base, which projected so far externally as to

lead him to mistake it for a supernumerary
heart, and likewise protruded internally into

the cavity of the ventricle. In a case which I saw
myself, the tumour resembled the well-known
encephaloid or cancerous tumour of the liver,

being, like it, raised above the surrounding
muscular structure, and irregular on its surface.

Melanosis.—This deposit is also found very

distinctly in the heart. It appears in the form
of small spots under the pericardium or endo-
cardium, or as tumours in the substance of the

ventricle. In a specimen in the Museum of

King's College, London, the melanotic deposits

are situated, some beneath the pericardium

covering the right ventricle, and others on the

carnete columnce of the same cavity,immediately

subjacent to the endocardium. Neither Andral
nor Bouillaud notices the occurrence of me-
lanosis in the heart.

Hypertrophy of the heart.-—When the walls

of any of the heart's cavities experience an in-

crease of thickness, owing to the developement
of the muscular substance, they are said to be
in a state of hypertrophy; and there is no
morbid state of this organ which is more fre-

quently brought under tlie notice of the phy-
sician than this, as affecting the parietes of one
or more of its cavities. There is no alteration

in the muscular texture apparent to the naked
eye, except, perhaps, a slight increase of the

red colour—the heart is firm, dense, and
elastic ; in short, it presents all those characters

which we so often see manifested in the ex-

ternal voluntary muscles, the developement of
which is increased by frequent use.* Hyper-
trophy may affect all the cavities simultaneously,

but in general it is limited to one or at most
two cavities. The left ventricle is that in which
it most frequently occurs, next the right, and
lastly and rarely the auricles. Nor does the

hypertrophy affect necessarily the whole pa-
rietes of the cavity, but sometimes it is

limited to a small portion, or to the septum,
or to one or more of the carneae columnae. In
some cases, as Andral remarks, the thickening

may be at its maximum at the base of the

heart, and diminish gradually towards its apex,

which sometimes retains its natural thinness,

when all the rest of the parietes are three or

even four times as thick as natural ; or at other

times, as Cruveilhier observes, becomes so thin

that one is astonished that perforation or dila-

tation of the heart at its apex is not more com-

* Dr. Williams mentions that in leucophlcgmatic
subjects the muscular texture is soft and fiabby
and of a duller colour. This is obviously a con-
dition resulting from other causes, and not a cha-
racter of the hypertrophous heart as such. And
the threads or laminae of dirty white tissue inter-

mingled with the muscular tissue, described by
him, seem clcirly the result of the inflammation
which caused the concomitant adhesion of the peri-
cardium. In the same light I would regard the
dense fibrous tissue described and delineated by
Carswell.—See ifed. Go*, vol, xvi. p. 915.

mon. In other individuals again the thickening
is equal and uniform from the base to the apex,
which then loses its pointed form and acquires a
rounded shape. Lastly, it sometimes happens
that the hypertro])hy is greatest about midway
between the apex and base of the heart, or is

even exclusively confined to that part. When
the septum is principally affected, the capacity

of the right ventricle is so diminished that it

sometimes looks like a small appendix attached

to the left ventricle.* When the hypertrophy
affects chiefly or exclusively the right ventricle,

the apex of the heart seems to be formed by it,

whereas in the normal state the apex belongs

to the left ventricle.

An hypertrophous state of the parietes of

all the cavities not only affects the form of the

heart by changing it from the oblong to the

spherical, but, as was first noticed by Dr.

IIope,t its position is altered; ''as the dia-

phragm does not retire sufficiently to yield

space downwards for the enlarged organ, it

assumes an unnaturally horizontal position,

encroaching so far upon the left cavity of the

chest as sometimes to force Uie lung upwards
as high as the level of the fourth rib or even
higher."

BertinJ distinguishes three varietie; of hy-

pertrophy of the heart. 1. That in which the

hypertrophy is not accompanied with any alte-

ration in the capacity of the cavities of the

heart

—

simple hypertrophy. 2. That in which
there is dilatation of the cavity along with

the increased substance of its walls—creeninc
hypertrophy or active aneurism of Corvisart.

3. Where the capacity of the ventricle is dimi-

nished as if the walls had encroached by their

increase of thickness upon the cavity, or as

Bouillaud expresses it, as if the internal mus-
cular layers and the carnese columns were prin-

cipally the seat of hypertrophy

—

concentric hy-
pertrophy.^ Of these the most frequent is that

which is accompanied by dilatation, the dilata-

* Cruveilhier doubts the occurrence of partial
hypertrophy affecting the septum or one or more
carneae columnse.

t Cyclop, of Pract. Med. art. Hypertrophy of
the Heart.

X Maladies du Coeur.

<j A certain standard of health is absolutely
necessary to enable us to determine as to the ex-
istence of disease. With this view we transcribe
here the table of weight and dimensions drawn up
by Bouillaud as the average of health.

In an adult of ordinary size and good constitu-
tion the mean weight == 8 to 9 oz. ; mean circumfe-
rence =8 to 9 inches; mean of the longitudinal
and transverse diameters =34 inches (the latter

generally predominates slightly over the former)
;

the meanof the antero-posterior diameter=2 inches.
Mean thickness of the walls of left ventricle at the
base^ . . . .6 to 7 lines.

Ditto, right ventricle at the base «= . 24 lines.

Ditto, left auricle = . . .14 lines.

Ditto, right auricle=. . . 1 line.

The average capacity of the ventricles is suffi-

cient to contain a hen's egg (that of the right ven-
tricle slightly exceeding the left).

For some useful observations on this subject, and
on the normal weight, bulk, &c. of the heart in
relation toother viscera, see Dr. Clendiuning's Lec-
tures ia Med. Gazette, vol. xvi.
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tion in all probability preceding and giving rise

to the liyperlropby by rendering an increased

force of conlraclion necessary. Siin])le hyper-

trophy is the least common, according to

Bouillaud ; concentric hypertrophy, according

to tliis physician, is not rare. Considerable

doubt, however, has been excited recently by

the high authority of M. Cruveilhier as to the

real existence during life of such a condition

as this. This anatomist believes the diminished

cavity to be merely the result of a tonic con-
traction of the muscular wall of the ventricle

in death. " The concentrically hypertrophied

hearts of Bertin and Bouillaud ap()ear to me,"
he says, " to be hearts more or less hypertro-

phied, which death surprised in all their energy

of contractility."* The hearts of all those

examined by Cruveilhier, who died by the

executioner, presented to his observation to a

great degree the double phenomenon of in-

creased thickness of walls and diminished

cavity, and he has observed the same with per-

sons who died a violent dealh.f On one occa-

sion I was particularly struck with a similar

condition of the heart of a donkey which had
been accidentally transfixed by a large trocar,

whereby the death of the animal was caused in

a few minutes. The muscular structure of the

heart was singularly dense. It had contracted

at its apex quite to a sharp point, and on cut-

ting into it the cavity of the left ventricle ap-

peared almost obliterated, and the muscular
wall much increased in thickness. I have
many times, too, observed the fact noticed by
Cruveilhier, that the cavity may be easily en-

larged or restored to its natural dimensions by
introducing the finger and dilating it, or still

more easily, if the heart have been macerated
in water for a short time previously, lliis feet

is further confirmed by Dr. Budd, who sup-
ports the views of Cruveilhier in an interesting

paper in the last volume of the Medico-Chirur-
gical Transactions. In one of Dr. Budd's cases

the thickness of the parietes of the left ventricle

eighteen hours after death varied from an inch

to an inch and a half, on a transverse section

made at a distance from the apex of one-third

of its length, and the cavity was not large

enough to hold the second phalanx of the

thumb, and was almost filled by the cameie
columns. This heart, in its open state, was
put to macerate; noforce was applied to extend
it. At the end of some days, on being folded

up, it was found to have dilated very conside-

rably, so that the left ventricle could not then

be said to be smaller than natural. Dr. Budd
argues against the existence of the diminished
cavity from the feet that of eight cases collected

by him, no one afforded signs, either during
life or after death, of any obstacle to the circu-

lation through the heart. There were no irre-

gularity of pulse, no dropsy during life, no di-

latation of the right cavities after death, pheno-
mena which, it may be said, must of necessity

be present if there be an obstacle to the circu-

• Did. dc MeJ. ctChir. Pr»t. art. Hypertropliie.

t Mr. Jackson and Dr. Budd have observed this

•tate of the heart iu pcrsont who died of cholera.

lation in the heart. It is impossible, as he
states, to conceive that a left ventricle, which

could scarcely hold an almond, should ofl'er no

obstacle to the circulation through the heart.

Yet Laennec has recorded a ca.se in which the

parietes of the left ventricle had acquired the

thickness of fi-om an inch to an inch and a half,

and the cavity seemed capable at most of con-

taining an almond stripped of its shell. Yet

the day before the patient's death his pulse vras

natural, the breathing perfectly free, " and
nodiing," says Liiennec, " led me to suppose

that this man had a disease of his heart.

Hypertrophy with dilatation.—It is in this

morbid condition that the heart acquires the

greatest increase of size as well as the most
striking alteration of form. The cor boviiwm
of some authors, so called from \>s enormous
size, affords an instance of an extreme develope-

meiit of this form of disease, llie extent to

which the heart may become enlarged in this

way is quite extraordinary. Of certain cases

recorded by Bouillaud, in one the right ventri-

cle was large enough to contain a goose's egg,

and tlie left, still larger, the closed hand of a
female ; in another, the left ventricle w.is simi-

larly increased in capacity. In a third, the

right auricle of a child, aged seven years, was
so dilated as to contain a coagulum a.s large as

the closed hand of an adult. The thickness of

the left ventricle in Bouillaud's cases varied

from 7 to 14 lines, that of the right 3 to 5 lines;

but in some instances it was as considerable as

from 8 to 10 lines or 11 to 16 lines. Tlie weight

of the heart, in some instances, trebled the na-

tural ; thus in one case of general hypertrophy

the weight was 22 ounces, and others weighed
from 13 to 20 ounces. The circumference of
the heart was often increased to twelve inches,

the longitudinal diameter five inches, and tlie

transverse eight inches. In a patient who died

at the Hotel Dieu in 1834, the heart measured
fifteen inches and a half at its base. Hyi>ertro-

phy seldom occurs in the auricles, except when
accompanied by dilatation : the musculi pecti-

nati are generally the seat of tlie increased mus-
cular developement, and as the number and
developement of these muscular columns is

greater in the right auricle than in the left in

the normal state, (in the left they are only found
in the auricular appendage,) the remark of Dr.
Hope follows almost as a matter of course,

namely, that in the right auricle hypertrophy

proceeds to the greatest extent, its walls being

sometimes rendered nearly equal in thickness

to those of the right ventricle in the normal
state.

In the vast majority of cases of this kind the

products of inflammatory states of the pericar-

dium or endocardium, or its appendages, are

present ; in short, a diseased state of the valves

constantly co-exists with hypertrophy and dila-

tation. "These conditions of the cavities are very

frequently traceable to some obstacle to the cir-

culation through the heart, and sometimes it

would seem that the valvular disease preceded

and gave rise to the hypertrophous and dilated

cavity; but it is not impossible nor unlikely

that tlie valvular disease may follow the hyper-
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tropliy, and may result from the violence of

contraction of the enlarged ventricle. Dilata-

tion of the aorta at its commencement and its

arch is frequently the consequence of this dis-

ease in the left ventricle, and dilatation of the

pulmonary artery ensues ujx)!! it in the right

ventricle.

liUulatwn of the cavities of the heart.—
" When the heart is incajxible of sufficiently

expelling its contents, whether in consequence
of obstruction in the vessels fiom it, of regurgi-

tation into it through im))erfect valves, of want
of |x>wer, of irritability, or of both, it becomes
distended, and in time permanently dilated."*

W'e have already described that kind of dilata-

tion which is the most common, namely, that

accomjanied by hypertrophy ; dilatation also

occurs in connexion with an opposite condition

of the parietes, namely, attenuation of them.
The muscular tissue has lost its tone, and
yields, as it were, without resistance to the dis-

tending force. It is laid down by authors that a
third rariety of dilatation may exist, what they

call simple diUitation, or that in wliich, while
the cavity is dilated, the jiarietes are of their na-
tural size. It seems to me impossible that any
cavity of the heart can, in a dilated state, conti-

nue of the natural thickness withouthypertrophy,
in the absence of which dilatation implies neces-
sarily a diminution in thickness; during dia-

stole the parietes of the heart's cavities are thin-

ner than during systole ; what a contracted

muscle gains in one dimension it loses in ano-
ther ; and the same may be said of a relaxed or
distended muscle. Again, if we contrast a con-
tracted with a dilated bladder, it seems evident
that we cannot inflate the former, however in-

completely, without producing a manifest dimi-
nution in the thickness of its walls. Hence I
infer, that if the jiarietes of any cavity be per-
fectly natural, they must become thinned under
the influence of the force which produces the

dilatation ; and, on the other hand, if we find

that the parietes of a dilated cavity (wssess the

normal thickness, we may be assured that it is

slightly hypertrophous. It api>ears then to be
most correct to limit the varieties of dilatation

to two, that with hypertrophy and that with
attenuation, or the passive aneurism of Corvisart.

In this latter form of dilatation, then, we see
a manifest alteration of the muscular tissue ; it

is paler, softer, less resisting, less elastic than
natural. When the heart is emptied of its con-
tents, the walls do not at all return upon them-
selves, but remain flaccid ; nor when cut do
they show any disposition to retract; and it is

this state of the muscular substance which will

serve best to enable the anatomist to distinguish

morbid dilatations from those which result from
mechanical distension of the cavity by a coagu-
lum formed at the time of death. An obvi-
ously diseased state of both the internal and
external membranous coverings of the heart is

constantly present along with this form of dila-

tation. These membranes lose their transpa-

rency in several parts, apparently from some
abnormal deposit subjacent to them : the white

• Dr. WiUiann, loc. cit.

spot so often seen ujwn the external surface of
the right ventricle is an almost invariable at-

tendant upon the dilated heart. Dilatation

niay affect any or all of the heart's cavities ; but
it is met with by far the most frequently in the

right ventricle, and very commonly both ven-

tricles are dilated, in which case the right cavity

is generally more capacious than the left.

An extreme case of dilatation is afforded in

an example quoted by Bouillaud :
" the right

cavities were so dilated and their walls so at-

tenuated, that the auricle was converted into a
kind of transparent membrane, and the ventricle

was reduced only to the ordinary thickness of
the auricle."

In determining as to the degree of attenua-

tion of the walls which may accompany any
particular case of dilatation of the auricles, the

anatomist must bear in mind that even in the

natural state the interval between the musculi

pectinati of the right auricle is only composed
of the endocardium and pericardium, separated

by a very fine and transparent cellular tissue,

and by a few muscular fibres crossing obliquely

from one pectinate muscle to the next one. I

have twice seen a perfectly natural right auricle

carefully put up as a museum siieciraen of

morbid attenuation of the parietes, owing to

ignorance or forgetfulness of this fact.

VilatatioH of the orifices of the heart.—As a
natural result of dilated cavities we meet with

dilated orifices of the heart, and the enlarge-

ment of which again produces in many cases

insufficiency of the valves. Bouillaud gives

the measurement of the auriculo-ventricular

orifice (which is the most liable to dilatation)

in three hearts ; in one it measured five inches

in circumference, and in another four inches

three lines, while in a third the dilatation was
slated to be so great that tlie tricuspid valve

could not be closed.

Aneurism of the heart.—A diseased state of
the heart occurs not unfrequently, strongly

analogous to that which under the same name
is so well known as occurring in the arterial

system. Most of the varieties too of arterial

aneurism find their analogues in the heart

:

thus we have, 1. the aneurism by simple dila-

tation, or true aneurism, resulting from partial

dilatation of one of the heart's cavities; 2.

the false aneurism or that resulting from rup-
ture of one or more of the textures entering

into the formation of the heart's parietes ; 3.

we find tlie dissecting aneurism analogous to

that remarkable form of arterial aneurism
first described by the late Mr. Shakelton ; 4.

not improbably, we also meet with what is

analogous to the varicose aneurism, and may
be designated spontaneous varicose aneurism of
the heart. To the zeal and acuteness of Mr.
Thurnam * morbid anatomists are much in-

debted for his having arranged, compared, and
classified a considerable number of cases of
aneurismal dilatations connected with the heart,

either observed by himself, or preserved and

* Vide his valuable monograph on Aneurisms of

the Heart in Med. Cliir. Trans, vol. xxi. An «p-
pcadix containing references to cases is added.
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recorded by others, whence he 1ms been able

distinctly to prove the analogies above-men-
tioned, and by which much light has been
thrown upon those forms of disease.

The partial dilatation of one of the cavities,

or true aneurism, is by far the most com-
mon of the varieties above-mentioned. In

its early stage this disease consists in little

more than a bulging of the wall of the ventricle

or auricle in a certain direction ; as this in-

creases a pouch or sac is formed, which com-
municates wiili the heart's cavity by a more or

less narrow opening. In some cases this sac

does not extend beyond the external surface of

the heart, nor would it be detected, were the

anatomist to content himself with merely ex-

amining the exterior, it is as it were lodged in

the flesliy substance of the ventricular paries;

but in other inilanccs a tumour is formed pro-

jecting considerably beyond the exterior. As in

arterial aneurisms, the sacs frequently coi:tain

laminated coaiiula, and, as mitjht he expected

a priori, the larger the cavity and the narrower

its orifice of communication, the more abun-
dant is this lamellar de|X5sit. One or more
aneurismal sacs may belong to the same cavity:

thus, in fifty-two out of fifty-eight cases col-

lected by Mr. Thurnam, only one aneurism

existed in each ; but in four cases two were

met with in each ; in one there were three,

and in another fonr incipient aneurisms. In

two instances, Mr. Thurnam states, it is not

improbable that two sacs which were originally

distmct had coalesced, so as to form a single

aneurism, and in another case three sacs ap-

pear to have united in this way. We find the

aneurismal pouches of all sizes: in nine of the

cases rtferred to in Mr. Thumarn's memoir,
the size might be compared to that of nuts;

in twenty, to that of walnuts ; in seven, to

fowl's eggs; in fourteen, to oranges; and in

nine cases, it almost or quite equalled that of

the healthy he;»rt itself. We cannot always

satisfactorily ascertiui what textures enter into

the formation of these sacs ; however, in the

majority of cases, the three structures of which
the heart's parieles are composed are found in

the walls of these sacs; in others the muscular
tissue has disappeared, atrophied probably by
the pressure, and the wall is composed only

of the endocardium and pericanlium, and in

others sigain the endocardium is wanting, and
the muscular fibres and the pericardium are

the only coni|>oiient elements.* In some cases

the wall of the sac is strengthened by an ad-
hesion formed with the loose layer of the peri-

cardium.

n<ese aneurisms are always in connection

with the left ventricle or left auricle ; very rarely

however with the latter, and never with the

right cavities. In the paper already quoted
from, Mr. Thuniam has collected references to

fifty-eight cases of aneurism of the left ven-

tricle, and eleven of the left auricle. All parts

of the ventricle are liable to aneurismal dila-

tation, but it occurs most frequently at the

apex: next in frequency it is found at dif-

ferent points of the base; less frequently still

it occurs in the lateral walls at situations in-

termediate to the two last-named, and very

rarely it is met with in the interventricular

septum.

I will give the description of auricular aneu-

rism in Mr. Thurnam's words :
" Tlie dis-

ease would appear,fi'om the preparations I have

inspected, and the cases which have been re-

corded, to have been nearly uniformly of the

diffused kind, and to have generally involved

the entire sinus of the auricle. The dilated

walls of the cavity are often thickened and the

seat of fibro-cellular degeneration. The lining

membrane is opaque, rough, and otherwise

diseased, and in some (Sises even ossified, and is

lined with fibrinous layers, very similar to those

met with in arterial aneurisms. In all these

cases, the lining membrane appears to have
been continued into the interior of the dilated

portion, which consequently merits the name
true aneurism. Occasionally the dilatation is

confined to the auricular ap|)endage, which
becomes extensively distended with lamellated

concretions."*

The false aneurism, or that resulting from
rupture, must be spoken of merely as a pos-

sible and probable occurrence. I know of no
unequivocal example of it; but inasmuch as

we must admit that partial rupture of the

heart's wall may take place, we cannot deny
the possibility of the prcxluction of cardiac

aneurism in a manner similar to that in which
arterial false aneurism is prcxluced.

Dr. Hope describes cases, which Mr. Thur-
nam very aptly compares to " the dissecting

aneurism." In those cases. Dr. Hope says,
" steatomalous degeneration had caused the

formation of a canal from the aorta underneath
one of the sigmoid valves and the internal

membrane of the left ventricle." But Mr.
Thurnam's explanation seems to me much
more likely to be the true one. He supposes
that the aneurisms had been originally formed
in the ventricle, and had subsequently commu-
nicated with the aorta, as a consequence of the

co-existent disease of the valves of that vessel.

The possibility of the formation of an aneu-
rism resembling the t!c/riciura»euri.«;n, has been
likewiiie suggested by Mr. Thurnam, from the

occurrence of aneurismal pouches in the sep-

tum ventriculorum. If such an aneurism were
to burst, it would establish a communication
with the riglit ventricle, a portion of the ve-

nous system—thus producing " a lesion alto-

gether analogous to that which results from the

wound of an artery and itsaccom[)anying vein,

and to which the name of spimluneoux varicute

aneurism of the heart is perfectly applicable."

Mr. Thurnam mentions a fourth form of

aneurism which is not without its ana'ogue in

the arterial system, namely, that in which the

aneurismal sac is formed by the endocardium

and pericardium. Tliis may l>e compared with

a variety of external aiiL-unsm in which the

lining membrane of the vessel protrudes through

a rupture in the middle tunic, constituting a

• Vide Thurnam, lot. cii. p. J19.

vol. II.

• Jmc. cit. .245.
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lesion which has been sometimes designated

" aneurisma herniosuni," and sometimes
" internal mixed aneurism." Tliis form of

arterial aneurism lias been described by Ilaller,

Dubois, Dupuytren, and Breschet.

In a large number of these cases of aneu-

rism of the heart, the pericardium has been at

some period or other of the disease more or

less extensively inflamed, and adhesions are

consequently found : the endocardium like-

wise frequently exhibits marks of inflammatory

action, opacities, white spots, &c. and this

sometimes extends to the valves. In some the

muscular substance in the neighbourhood of

the sac is degenerated, and assumes the cellulo-

fibrous form.*

Atrophy of the heart.—The heart, or a por-

tion of it," may be said to be in the state of

atrophy, when its muscular fibres are pale,

soft, easily torn, inelastic, attenuated, so that

the thickness of the parietes is greatly di-

minished, and the pericardium covering the

heart or the atrophied part of it, is shrivelled

and wrinkled. When atrophy affects the whole

heart, that organ becomes much diminished in

size, the capacity of its several cavities being

proportionally diminished ; and in some in-

stances the diminution of the general size ap-

pears to be more at the expense of the dimen-

sions of the cavities than of the thickness of

the walls.

Morbid deposit offot on the heart (futty

degeneriition of some authors). There is an

alteration met with not uncommonly in the

muscles of animal life, which is very often de-

scribed as the fatty degeneration of muscle,

but which is in truth an atrophy of the mus-

cular tissue, and not at all a transformation into

fet. This condition, which resembles fat only

in its yellow colour, and may be easily

distinguished from it by its fibrous form, has

never, I believe, been met with in the heart

;

a perfect cessation from active contraction must

be essential to its production ; and as such a

state of quiescence cannot occur in the heart

during life, this form of degenerate muscular

tissue is not found in that organ. We do, how-

ever, meet with cases frequently, in which fat

seems to take the place of the muscular fibres

of the heart; in pioportioii as they appear to

waste away the fat is deposited under the

serous membrane, until the muscular parietes

of the heart are reduced to a very thin lamina,

of a pale colour and easily torn, between which

and the pericardium a thick stratum of fat is

deposited, so that a superficial examination

might lead one to supjiose that the walls of the

heart were wholly converted into this tissue.

The ventricles are generally, if not uniformly,

the seat of this deposit, which must be re-

garded as an increase in the deposit which is

• On the subject of aneurisms of the heart, the

reader may consult with benefit Corvisart's clas-

sical work, .Adams in Dubiin Hosp. Rep. vol. iv.,

JJreschct sur I'Aneitrysme I'aux consecntit* du
Cirur, Rop. Gtin. d'Anat. I. iii.. Dr. Hope's worl(,

Klliotson's Lectures on Diseases of tlie Heart, but
especially the admirable paper of Mr. Thurnain.

found naturally along the course of the coro-

nary arteries. It occurs chiefly in old persons,

and it is ditficult to say whether the muscular

atrophy which is always present is a con-

sequence of the fatty deposit, or precedes it.

So enfeebled has the muscular tissue become
that persons labouring under this disease very

commonly die of a rupture, or rather a giving

way, of the wall of one of the ventricles. It

occurs in persons of debilitated habits, who
either are incajiable of active exertion or from

circumstances never attempt it, and, what is

remarkable, the subjects of this disease are

frequently very emaciated : thus M. Bizol*

found this condition in fourteen out of twenty-

nine emaciated females. The disease is like-

wise more common in women than in men

;

and sometimes free oil is present in the blood

in inordinate quantity.

Such I believe to be the conect history of

this state of the heart, of which most erroneous

notions have been formed, owing in a great

measure to the name under which the disease

has been so often described. The description

which I venture to offer has been drawn up
from seveial cases of the disease in various

grades of the deposit, which have come under

my observation, and on comparing this

description with some of the best detailed

cases on record, it seems perfectly to con-

sist with the appearances described in them.

In Mr. Adams' case,t for instance, " the

right ventricle seemed comjxised of tat, of a

deep yellow colour through most of its sub-

stance. The reticulated lining of the ventricle,

which here and there allowed the fat to appear

between its fibres, alone presented any ap-

pearance of muscular structure. The left ven-

tricle was very thin, and its whole surface was
covered with a layer of fat. Beneath this the

muscular structure was not a line in thickness,

and was soft, easily torn, and like liver." Two
cases, recorded by Mr. R. Smith,! presented

the remarkable concomitant of an oily con-

dition of the blood ; in one " numerous glo-

bules of oil were found ffoating on the surface

of the blood vvhicli escaped from the divided

vessels ;" and in the other " the surfice of the

blood was thickly covered with globules of

limpid oil." In this last case the condition

of the heart's substance is described as follows

:

" the heart was remarkably soft, pale, and
flaccid, its substance most easily broken, and
its surface covered with a layer of fat a quarter

of an inch in depth ; the parietes of the ven-

tricles were thin." The anatomical condition

of the former case is not so precisely described

as to admit of comparison. The subjects of

both these cases were old women, one aged

ninety, the other seventy ; and the former died

of rupture of the left ventricle.

I am quite unable to account for the follow-

ing description of a case by Dr. Elliotson.

He says, " I once saw the muscular substance

of the heart completely changed, except at the

* Mem. de la Soc. Med. d'Observation.

t Dublin Hosp. Rep. vol. iv. p. 396.

j Dublin Journal, vol. ix. p. 412.
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turface, lo fat. A mere layer of red muscular
stiuelure covered theinlenial and external parts

of the heart and the coliimnse carneo! : within

every spot was fatty matter."*

Kuplure. of the hairt.—A degenerate con-
dition of the muscular tissue is tlie most com-
mon cause of rupture of the heart: the stales

last described are those in which it most fre-

(|uently occurs ; they corresiiond lo the teniU
soj'lemvg, of 13laud:-t the wall literally gives

way at a certain point, and a laceration fre-

quently to a very trifling extent is found in that

situation on examination after death : in some
cases, moreover, several ruptures are found in

the wall of the same cavity, and sometimes
the rupture is very extensive, or it is large iii-

lernally and small externally, or vice versa.

Any of the cavities may aflbrd examples of
this form of rupture, but the left ventricle is

by far the most frequent seat of it, as may be
understood from the following numerical state-

ment by Ollivier; " out of forty-nine cases the

rupture was seated in the left ventricle in thirty-

four, in the right ventricle in eight, in the left

auricle in three, and in two cases the ventricles

presented several ruptures. In these cases

the apex was the situation of the rupture in

nine; in the rest the rupture took place near

the base. Rupture, however, may occur in

a healthy state of the organ, from violent bodily

exertion ; of (his a remarkable example was
aflorded in the case of one of Whitbread's
draymen, who in attempting to raise a butt of

porter, fell dead, from a large laceration of the

left ventricle, the structure of which was per-

fectly healthy. I had lately an opportunity of
examining the preparation of this heart in the

Museum of Guy's Ilospital.

Rupture is also found to ensue upon abscess

in the heart, or upon ulceration and conse-

quent perforation ; it is sometimes caused by
dilatation of it, and sometimes by contraction

of one or more of the orifices.

Partial rupture may occur, i. c. the external

fibres may be ruptured to a certain depth,

without penetrating the cavity, or the internal

ones may be similarly torn, the exterior being

unaffected. A mote remarkable kind of par-

tial rupture is that in which the carnese co-
lumnas or chorda tendinese are engaged. Cases
of this form of rupture seem to have been
detailed first by Corvisart, who attributed the

rii|)ture to violent efforts. Other cases have
been subsequently recorded by Cheyne, Adams,
and Townscnd. In Dr. Cheyne's case, " the

internal surface of the left ventricle was much
inflamed, several irregular excrescences were
attached to the mitral and semilunar valves.

The chordje lendine;v, which connected the

larger portion of the mitral valve to the wall

of the left ventricle, were torn off' just at the

point of their insertion into the edge of the
valve; four of these ruptured tendons hung
loose into the ventricle."

J

• Crnonian Lectures on ihc Heart, p. 32.

t Bla.d, mill. Med. »n. 1820.

X Dublin Hosp. Rep. vol. iv. On the subject of
rupture of the heart the reader may contult Olli-

MoRDID STATES OF THE MEUDBANE» OP
THE HEART.

I. Morbid slatesot'ttie pericardium.— t. Pe-
ricarditis. Tlie morbid changes of the serous

pericardium which moat frequently come under

the notice of the anatomist, are those

which are consequent upon inflammation.

What the alterations are which indicate the

first onset of inflammatory action it is not easy

to determine precisely, as the opportunities of

inspecting the parts in this early stage of peri-

carditis are extremely rare. The following,

however, may be slated as indicative of the

earliest period of pericarditis. The natural

exhalation becomes diminished or totally

suppressed, and consequently the surfiicesof the

membrane do not present their usual moist

appearance ; the visceral layer of the pericar-

dmm is not .so transparent as in the natural

slate, and several red points, which lo the naked
eye appear like extravasations of blood, are

manifested on a considerable portion of the

membrane. These spots, however, are not

extravasations, but when examined with a lens,

they are seen to be produced by a close net-

work of extremely minute capillary vessels

;

as inflammation advances these siwls increase

in number, neighbouring ones coalesce, a more
or less diffused redness is produced, as well

from vessels subjacent to, as in the membrane,
themembrane becomes less and less transparent,

and now an exudation is distinctly formed on
its surface of a very soft semifluid material (co-

agulable lymph), which, on looking carefully

along the inflamed surface, is seen to be de-

veloped in minute granules. Tlie further pro-

gress of the disease is characterised by the

increased deposition of this plastic material,

and tlie effusion of a straw-coloured serous

fluid into the bag of the pericardium. These
morbid changes, of course, vary in extent ; but
it is not uncommon to find them extending

over the greatest part or even the whole heart,

so that in some cases a second complete enve-

lope is fonned for the heart between the visce-

ral and parietal layers of the serous pericar-

dium ; on the other hand a very circumscribed

S]X)t may he occupied by these changes, not ex-

ceedinga half-crown ora crown piece incircumfe-

rence ; but we seldom or never have opportu-

nities of seeing the disease on this limited

scale in so early a stage, and judge of its

occurrence only fiom the existence of alterations

which may justly be regarded as its sequelic.

Certain varieties are observed as regards the

form assumed by the lymph, and the quantity of

the fluid effiised in this disease. The lymph
varies in its characters ; almost always depo-

sited in a membranous form, it is sometimes

quite smooth and uniform on its free sur-

face ; at other times it is rough, and hangs in

flocculi into the fluid contained in the sac of

the I'ericardium ; again it presents a reticulate

appearaii'-e, compared by Corvisart, Laennec,

and Berlin, to the inner surface of the second

vier'ft article (Coenr Rupture) in Diet, de Med.,
Townsend in Cyclop. Pract Med. vol. iv. p. 630.,

and BouilUud'a work.

2U2
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itomach of the calf, or, as Laennec suggested,

to the appearance produced by quickly se-

parating two slabs of marble wliicli have been

applied tOj;ether, with a small quantity of

butter or some similar substance between them.

The depth of the depressions in this false

membrane varies with the thickness of the

membrane itself. Shortly after its deposition

the lymph is very tender and easily torn, but

when it has been some time deposited, it ac-

quires a considerable power of resistance. The
efl'used fluid in perit-arditis varies likewise in

quality and quantity. In some cases it is

whey-coloured, with Hoccub of lymph floating

in it ; in others it is of a yellowish colour, ap-

proaching that of pus, and in some degree of

the same consistence : sometimes it is of a

brownish colour. When it is in very small

quantity it is less turbid ; when in larye quan-

tity it resembles whey. In some cases the

quantity is very considerable. It may be said

to vary from a few ounces to more than a pint

;

but in some extreme cases it goes even far be-

yond tliis; thus (^orvisart mentions a case in

which the effused fluid amounted to eight

pounds, and in one described by Bertin the

distended pericardium formed a bag seven or

eight inches broad, five deep, and ten or eleven

in height. Sometimes the effusion cannot be

distinguished from pus.

The coagulable lynijih is effused not only on
the free surface of the visceral layer of the pe-

ricardium, but likewise on that of the parietal

layer. That which is effused upon this latter

layer is, however, often much Uiinner and
more delicate. These two deposits of lymph
are continuous with each other al the reflection

of the serous pericardium from the great vessels

on to the muscular fibres. When the effused fluid

has been removed by absorption, the two pseudo-

membranes being brought into apposition with

each other, areas it were glued together; they

become organised by new vessels shooting into

them from the caidiac vessels, and at length

they assume the form of cellular tissue. The
cavity of the pericardium thus becomes oblite-

rated by the develo|)ment of this new cellular

tissue. The adhesions thus formed are more
or less extensive according to the extent of the

primitive inflammation, so that in some cases

the pericardium is universally adherent to the

heart ; in others the adhesion is circumscribed

within very narrow limits ; in this latter case

the new cellular membrane is often of conside-

rable length, inasmuch as the spots to which it

adheres on the opposed layers of serous mem-
brare do not at all correspond ; but when the

adi es on is extensive, the connecting cellular

membrane is generally short and close, so much
so III some cases that the pericardium and heart

appear to be completely identified. The mus-
cular substance subjacent to the inflamed peri-

cardium sometimes appeais to participate in

the inflammatory process, acquires a greater

hue of redness than is natural, and becomes

softer, and loses to a greater or less degree its

cohesive power.

Such is the ordinary course and termination

«f pericarditis. Every museum contains many

specimens illustrative of the different stages of

this disease. The cellular adhesion which fills

up the pericardial cavity occasionally exhibits

further alterations. Sometimes we find it infil-

trated with serum, and quite anasaicous; at other

times asero-purulent or purulent fluid is efl'used

into it. It becomes condensed, fibrous in its

character; or cartilaginous or fibro-cartilaginous

or even osseous plates are formed in it, which
sometimes are of so large a size that the heart

appears as if enveloped in an osseous case.

This cartilaginous or osseous deposit, however,
sometimes takes place in the fibrous pericardium.

Dr. Ilodgkin mentions a case of osseous trans-

formation so extensive that the osseous plate

occupied a large portion of the base of the

heart, where it formed a complete bony ring,

the apex of the heart, however, beinn left at

liberty. A somewhat similar case is recorded
by my friend Mr. Smith. " The pericardium was
united to the surface of the heart by close and
old adhesions, and around the base of the

organ bony matter was deposited in considera-

ble quantity, appaienily between the two serous

layers of the pericardium ; it formed an osseous

belt sunounding nearly theentireoftliebaseofthe

heart ; its surface flat and rouyh, its margin
irregular and wavins, and its averaae breadth

about one inch. This bony girdle penetrated

into the substance of the ventricles, and reached

in some parts almost to the lining vnembraneofthe
latter."* In Mr. Bums' case the whole extent

of the pericardium covering the ventricles, and
the ventricles themselves, except about a cubic

inch at the apex of die heart, were ossified and
firm as the skull.

White spot on the heart.—There is no ap-

pearance with which anatomists are more
familiar than the white spots on the heart. A
single portion of white opaque, or nearly

opaque membrane, situated on the anterior part

of the right ventricle nearer its apex than its

base, and varying in circumference from that of
a shilling to that of a half-crown, as thick as

the pericardium itself and sometimes conside-
rably thicker, constitutes what I have most fre-

quently seen. They may be found, however, oc-
casionally on the posterior surface as well as the

anterior, on the left side as well as the right,

on the auricles as well as the ventricles. (Jn

careful examination, it is evident that the opa-
city is occasioned by an adventitious deposit.

This deposit, in a great number of the cases

in which I have examined it, consisted of a
thin lamina of condensed cellular membrane
adherent to the free surface of the visceral

layer of the pericardium, which could easily be
dissected ofl', and which I have often peeled ofi'

with my fingers, leaving the pericardium appa-
rently as if no deposit had been found there.

Dr. Baillie, and more recently Laennec and
Louis, testily to the facility with which it

may be dissected off. Others, however, artirm

that the deposit is most frequently under the

serous covering of die heart, and consequently
m the subserous cellular tissue by which that

layer is connected to the heart. Corvisart

Dub. Joiim, vol. IX. p. 419.
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maintains this opinion exclusively, and Dr.

Hods;kin stales his belief that in by far the

greater number of cases these patches depend
on a deposit on the attached surface. This

writer adds—" I'roin the circumstance of their

bemg often found immediately under the ster-

num, and from their being occasionally met
with on other parts of the heart, to which a firm

and resisting body has been unusually opposed
;

as for example, when a bony deposit has taken

place beneath the reflected pericardium, or

when an uneven and remarkably indurated

liver has, even through the diaphragm, presented

an unequal pressure against a particular |)art of

the heart, I have thought it probable that such

pressure, aided by the movements of the heart

itself, may have led to the production of these

spots. These formations may certainly take

place at a very early period of life. I have

met with one rather loose and thick, but in

other respects perfectly resembling those found

in the adult, on the right ventricle of a child

only ten weeks old. Similar thickening of the

close pericardium sometimes marks the course

of the coronary arteries and their branches ; and
this circumstance amongst others tends to con-

firm the idea which 1 entertiiin as to ils mode
of formation."*

Mr. T. \V. King, in an Essay on this subject

in the sixth number of (Juy's Hospital Reports,

records a very remarkable example of the oja-

city. The patch, " a uniform whitish thicken-

ing of the close pericardium," nearly equalled

in extent the anterior surface of the right ven-

tricle, and was extended over the anterior sur-

face of the pulmonary artery as far as its bifur-

cation. Two similar patches were found on

the under surface of the ventricle. Mr. King

inclines to the opinion that this deposit is

seated in the proper tissue of the serous mem-
brane, and considei-s it always inflammatory

and pretty constantly the eflect of friction and

irritation. " The situation of these patches,"

observes Mr. King," whenever they occur, im-

plies to my mind a egree of attrition at the

part more than belongs to the pericardium ge-

nerally. They are found on the surface of the

right auricle almost as frequently as on the ven-

tricle, but not in so morbid a form ; and much
more divided, even minute, and often clustered

like the rippling of the sand at ebb-tide. One
is not nnfrequently seen along the anterior

face of the great pulmonary artery. All these

relate to the right side of the heart, which all

pathologists are aware is often, and more than

the left, the subject of distensions. The
patches may occasionally, perhaps, be seen on

any part of the close pericardium. I have

seen them behind the left pulmonary veins

;

but, omitting this instance, the next most com-

mon appearance of the kind is that of length-

ened, narrow, winding, and even branching

lines immediately over the great vessels of the

ventricles whenever they are the subject of con-

siderable dilatation. Here, also, we have evi-

dence of a disproportionate space of attrition,

resulting from undue prominence."

*Lect. on Morb. Aoat. of aerous membraoM, p.98.

I am not aware of any well-authenticated
instance of ulceration or gangrene of the peri-
canlium. In cases of ulceialive [>erforation of
the heart, it may be said, however, that the |)e-

ricardium ulcerates as the other parts do.
TubercularJ'onnatUmt.—Tubercles, whether

cancerous, melanotic, or scrofulous, are formed
subjacent to either serous layer of the pericar-
dium ; sometimes, and most frequently they
are de|)osited between the visceral layer and the
heart, or they may be found between the fibrous
pericardium and the piu-ietal aspect of the se-
rous layer.

Ct/sts.—The serous cysts which are described
as occurring in the heart are sometimes formed
immediately subjacent to the serous membrane,
and project into the pericardial sac. Accord-
ing to Andral they occur most frequently in
this situation. Similar cysts have been found
between the fibrous pericardium and its serous
lining.

Hydrops pericardii or hydropericardiiim.
This disease consists in an undue accumulation
of fluid in the sac of the pericardium. The
fluid is either simply serous, of yellowish clia-
racter, or it may be of a brownish or reddish
hue. In quantity it rarely exceeds two pints.
The eRusion is not generally attended with any
evident morbid change either of the heart or its

membranes, excepting that in cases of some
standing, the heart seems somewhat atrophied,
and the pericardium has lost its perfect trans-
parency.

Pneumopericardium.—The presence of air in
the pericardium, as the eflect of morbid action
during life, must be very rare. Laennec, how-
ever, speaks very confidently of its existence.
" Sometimes," he says, " the air is combined
with a liquid, and this is by much the most
frequent case ; at other times the pericardium
is distended by air alone." Could the cases of
dry pericardium related by Baillie have been
produced by the developement ofair in itscavity ?

Morbid states of t/ie endocardium.— 1. En-
dvcarditis. The lining membrane of the heart
is so similar in its structure and properties to
the pericardium, that their morbid states are
very similar likewise. The constant contact of
the blood with the former membrane serves,
however, to modify considerably the anatomical
characters of disease in it. We want, I think,
satisfactory proofs of the changes induced by
endocarditis in its earliest stage; these changes
are described to be, redness of the membrane,
with a more or less thickened or swollen condi-
tion of it ; but the redness is not the result of
capillary injection, but seems to be a stain on
the membrane, the result of contiict with the
blood. The stain is not merely superficial, but
has sunk into the substance of the tissue, and
it cannot consequently be washed off".

Tlie lining membrane of the heart is often
found stained of a red colour as a post-mortem
result; and this is invariably the case in hearts
examined after putrefaction has commenced.
The blood contained in the heart has begun to
alter, various gases are given out, and the inter-
nal membrane more readily imbibes the colour-
ing matter that is brought in contact with it.
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Can this redr.ess be distinguished from that

which is consequent upon inflammation ? It

seems to me that there is no unatumicut cliarac-

ter by which tlie true nature of the discoloration

can be proved. The anatomist must be guided
in coming to a conclusion upon the question

by concomitant circumstances, of which the

time wliich has elapsed after death, the quan-
tity and quality of the blood in the heart, and
the stale of llie other organs or textures of the

bo<ly, are the most important. If the examina-
tion has been made soon after death, that is,

within twenty-four hours, if the blood in the

heart presents no undue predominance of co-

louring matter, nor has undergone any decom-
position, and if the other tissues retain their na-
tural state, and show no unusual tendency to

putrefaction, the redness may be inferred to be
morbid and inflammatory ; but this inference is

confirmed with the utmost degree of certainty,

if the redness is accompanied by an eflTusion of

coagulable lytnph or of pus, and by an unequi-
vocal thickening or swelling of the endocardium
itself; sometimes, also, as Bouillaud remarks,
the adhesion of clots, resembling the huffy

coat of blood, are among the anatomical
signs of inflamed endocardium. The in-

flamed endocardium is, according to Bouil-
laud, more easily detached from the internal

surface of the heart, owing in all probability to

the subjacent cellular tissue having lost its

force of cohesion, and become fragile.

Lymph effiised on the endocardium does not
generally take the laminated form as in pericar-

ditis, nor do we find it covering an extensive
surface, as in that disease. Small patches of
membranous lymph are sometimes met with
here and there, either on the surface of the
valves or over some part of one of the cavities;

at other times it assumes a granular or warty
form, or it projects in papilliform or conical or

globular masses from the surface of the valve,

Thus are formed the vegetations which are
among the most frequent valvular diseases, and
which offer the greatest impediments to the

adequate action of the valves. W hen examined
recently after their formation, they present all

the characters of the albumino-fibrinous exuda-
tions of serous membranes, their form being
determined by the frequent changes of relation

v\liich the inflamed surface undergoes in the

heart's action, as well as by the current of
blood from the heart continually flowing over
it.

The furtlier progress of inflammation of the

endocardium induces thickening of the mem-
brane or of the valves, organization of the effu-

sed lymph, which thus becomes more firmly

adherent to the surface on which it had arisen,

and induration of the membrane from cartilagi-

nous or calcareous deposits, which however are
generally met with within the fold of membrane
constituting the valves, and more intimately

connected with the interposed fibrous than with
the serous membrane.
When inflammation of the folds of endocar-

dium forming the valves runs its course with
gieat rapidity, it may induce destruction of
them to a greater or less extent. Softening,

ulceration, and rupture of the affected valve are

very speedily produced. " Tlie ruptured and

ulcerated portions," to borrow Dr. C J. Wil-

liams's description, " are found loaded with

ragged, soft, fragile vegetations, more or less

tinged with blood, and these are also some-
times seen adhering to adjacent parts where the

endocardium is entire. The remaining parts of

the valves are much thickened and opaque yel-

lowish white, with a pink hue ; and pink patches

are often seen in the aorta with atheromatous

thickening." Sometimes a valve is perforated

in its centre by ulceration, and the circumfe-

rence of the perforation is surrounded by warty

vegetations.

It is well known that the endocardium of

the left side is much more liable to disease than

that of the right, whether as regards the valvu-

lar portion of it or that which lines the interior

of the heart. But the views of Bichat and
others, who denied the occurrence of disease

on the right side, have been abundantly refuted

by modern observations.

Chronic valvular diseases.—Chronic endocar-

ditis affects the valves of the heart in such a

manner as in all cases to occasion more or less

obstacle to the flow of the blood from the ven-

tricle or auricle. Sometimes, however, the

disease is not of a kind to interfere with the

valvular action and to permit regurgitation ; but

at other times the disease has gone so far in

one or more of the valves as to prevent its con-

tributing to the perfect closure of the orifice,

and conseqi'ently to destroy the power of the

valves to oppose regurgitation. Hence the

subdivision proposed by Dr. Williams, for val-

vular diseases, into those which more or less

obstruct the current of the blood in its proper

channel, or the obstructive, and those which
permit it to pass in the reversed direction, or the

irgiirgitant. Thickening of a valve, so as to

prevent Us complete apposition to the internal

surface of the artery or of the ventricle, will oc-

casion obstruction, the degree of which will

depend on the degree of perfection of apposi-

tion with which the valve may be applied to

the neighbouring surfiice; on the other hand,

the degree to which regurgitation is permitted

will depend upon the degree of induration of

the valve, and the want of extensibility which
it manifests.

Thickening of the edt,es of the valves is

among their most common diseased states; the

attached margin or base of the valve is also very

hequently the scat of thickening, and in both

these situations the fibrous tissue seems to be

engaged principally in the disease. The inter-

vening portion is generally aflfected as a conse-

quence of the extension of the disease from

these margins. In such cases the thickening

arises from a deposit between the layers of the

fold forming the valve; in other cases the thick-

ening is produced by a deposit upon the surface

of the valve. On the aortic valves this deposit,

when on the ventricular surface, is apt to assume
the form of two crescents corresponding in po-

sition as well as form to the two creseentic por-

tions of fibrous tissue within the fold of mem-
brane by which the valve is formed. This fact
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was, I believe, first pointed out by Dr.
M'iilson.

Ossification most commonly manifests itself

in the fibrous zones which surround the heart's

orifices, and therefore it is chieHy to be found
at the bases of the valves ; but it likewise ex-

tends towards their free margin ; and it too is

apt to be developed in the double crescentic

form in the aortic valves. Sometimes the ossi-

fication appears to involve principally the mar-
gin of the valve in whole or in part, and this

occurs much more frequently in the semilunar
than in the auriculo-ventricular valves. Osseous
deposits in the valves are either in the form of
thin calcareous laminae or spicule, small round-
ed points, or large masses more or less rounded,
and often projecting to a considerable extent

beyond the surface of the valve.

The effect which the developement of these

new deposits on or in the valves has upon their

size and form, as well as upon the size and form
of the openings which the valves surround, is

very various and very interesting to the patho-
logist. The almost invariable alteration which
they produce in the size of the valve is to

shorten it or diminish it in depth ; the valve

becomes cornigaled, its free margin thickened,

or folded in the direction of the current, or in

an opposite direction, the whole valve present-

ing a curled appearance. Tlie orifices arc

always more or less diminished in size when
one or more valves have acquired this rigid,

inelastic, and contracted form ; the diminution
is produced by the valve or valves always pro-

jecting more or less into the orifice ; but the

greatest degree of narrowing of the aperture is

occasioned by the adhesion of two or more
valves at their free margins ; and in this way,
as may be readily conceived, an orifice be-
comes sometimes almost completely obliterated.

The same causes change the shape of the orifi-

ces, and consequently we find altered size and
shape constantly going together. It is in the
left auriculo-ventricular opening that these

changes are most commonly seen; they rarely

occur to so great an extent in the aortic orifice,

and seldom at all in the apertures of the right

heart. My friend, Mr. Adams, has made some
most valuable remarks ujx)n the contracted au-
riculo-ventricular orifice of the left side, in his

very valuable paper on diseases of the heart in

the Dublin Hospital Kepoi-ts. His description
of the anatomical characters of the disease cor-

responds so exactly with what I have many
limes witnessed, that I cannot refrain from
quoting it. " When the dilated (left) auricle

is cut into and cleared of the blood it contains,

at its lowest part, instead of the miu-al valve, a
concave membranous septum of a yellow colour
is seen, which is perforated by an oblong
fissure, about half an inch in length, and one or
two lines liroad ; this fissure 1 have observed
to be always obliquely situated, and to run
]iarallel to the septum of the ventricles ; it ge-
nerally is of a semilunar form, the concavity of
the curve looking towards the root of the aorta,

the convexity backwards ; the first formed by
the larger portion of the mitral valve, the latter

by the smaller ; the edges of this oblong fissure

are generally studded with long depositions

;

vievved from the left \entricle, the membranous
septum is convex, and the angles of the fissure

are connected by shortened chordse tendiuese,

with two very tinck fleshy colunins, the one in

front, the other behind."

DitaUUion of the valves.—We sometimes

find the valves of the heart in a dilated or aneu-

rismal state. Laennec has placed on record an

example of this afiecting the mitral valve :* " A
little pouch, half an inch long and more than

fouf lines in diameter, projected on the supe-

rior surface of this valve," i. e. into the left

auricle. Mr. Thurnara has appended the

detail of several cases to his memoir already

quoted on Aneurisms of the Heart.f He de-

scribes a specimen, preserved in the Hunterian

Museum, affording an example of four aneuris-

mal pouches of the tricuspid valve. The sime
writer likewise records a case in which there

was congenital absence of one aortic valve ; the

two, which were present, were thick and fleshy,

and tough on their ventricular surfaces. The
edge of the one was smooth, that of the other

rugged ; there was a deposit of ossific matter at

their points of attachment. From the ventricu-

lar surface of the valve with the smooth border,

there projected a little bag that would hold a
swan-shot, and which opened by a little round
mouth on the aortic surface of the valve. It

had two little slits in its most depending por-

tion, and was evidently formed by a dilatation

of the valve itself."

Atrophy of the valves.—We have a familiar

instance of atrophy of valves in the case of the

Eustachian valve, which undergoes as it were a
sort of natural atrophy from the commencement
of extra-uterine life. The valve becomes cri-

briform, and the holes by which it is pierced

gradually enlarge and coalesce, and in this way
the valve is worn away. We often find one or

more of the semilunar valves jierforated by
openings of a similar kind, without the co-ex-

istence of any other disease ; the margm of the

opening is always smooth, and the valve itself

thinner and more flaccid than is natural. Ac-
cording to Dr. Williams, the wasting affects the

posterior portion of the mitral valve, " the

membrane of which is often annihilated by it,

the cords bemg inserted directly into the auri-

cular ring." The anterior lamina is also occa-
sionally found much shortened, and without
those fine thin ex|)aiision3 of membrane which
commonly unite the cords to each other, below
their insertion into the thicker part of the

valve.

Entozoa in the heart.—The occurrence of
entozoa in the human heart must be considered

to be extremely rare, at least the cases on record

which may be dejiendcd on are very few.

Andral states that he found the cysticercus

once in the human heart, but has seen it fre-

quently in the hearts of measly pigs. Many
examples are mentione<l by various authors of

ascarides, filarise, cercaria;, and odier entozoa

in the hearts of dogs and many other of the in-

* Quotpd in Bouillaad'i work, t, ii. p. 510,

t Loc. cii.
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ferior animals, Mammalia, as well as birds,

reptiles, and tislies.*

States of the, bliiod in the heart after death.—
M hat appears to be tlie natuial slate of tlie

contents of the heart after death is as follows.

The right auricle contains a coagulum of dark

blood, and the right ventricle con.ains a similar

one, of less size ; a very small quantity of coa-

gulum or of fluid blood is found in the left

cavities, and it is not uncommon to find a coa-

gulum extending into the aorta ; white coagula

are often found in these cavities. Sometimes
these coagula, especially at the right side,

adhere closely to the wall of the cavity in which
they are situated, and appear as it were
moulded upon it, sinking into the interstices

between the fleshy columns, so as to render it

ditticult to remove them. The modification

which we most frequently meet with in this

state of the heart's contents, is that in cases of

asphyxia; affording, however, merely an in-

stance of aggravation, if I may so speak, of the

natural state ; the right cavities and the vessels

leading to and from them are gorged with dark
blood, liquid or coagulated, while the left cavi-

ties are nearly empty. Such states of the

heart's cavities, it is obvious, are formed in

articulo mortis. Fibrinous masses, either mixed
with or deprived of the colouring matter of tlie

blood, have been many times found, which it

cannot be doubted were formed in the heart some
time prior to death, and probably gave rise to

symptoms of a serious nature; these are the

true polypous concretions of the heart. The
manner in which Mr. Allan Bums, one of our
earliest British writers on the heart, explains
the formation of some of these concretions, is

deserving of attention. " If," lie says, " we
strictly scrutinize all the reputed cases of poly-

pus in the heart, we shall reduce the real ex-

amples of this aff'ection to a very limited num-
ber indeed. Still we shall leave a few, where
there is reason to believe that the concretion

had been formed a very considerable time be-

fore death : but it must be understood, that

these concretions are seldom found except in

hearts otherwise diseased. In health, the blood

does not tarry for any length of time in either

the heart or vessels ; it is mcessantly in motion,

circulating with greater or less rapidity, accord-

ing to the stale of the heart and arteries. The
blood never in health remains so long in con-

tact with the surfaces of the heart, as to allow

of its being changed by their action. In some
diseases of this organ, irregular actions are ex-

cited by very trifling causes ; the blood stag-

nates longer in the heart than it usually does or

ought to do, while here it undergoes changes
by the reciprocal action of the blood on the

heart and the heart on tlie blood ; new org-anized

matter is deposited, and adheres to the parietes

of the cavity in which it is lodged. This con-

cretion slowly increases, the first particle acting

as the exciting cause for the deposition of the

second, and so on."

The strongest evidence of the formation of

* For a list of the references to such cases, see

South'i edit, of Otto, Path. Aoat. p. 293.

such coagula some time before death consists

in their being organised : in a case recorded by
the writer from whom the preceding passage

was quotid, a large and fully organised polypus

was found in the right auricle ; its attachment

was by a tough surface to the nuisculi pectinati,

and lis body hung down into the right ventricle.

It very much resembled a nasal polypus, and
it was so firmly fixed to the heart, that it allow-

ed the whole mass of the heart and a consider-

able portion of the lungs to be suspended by it,

without showing any tendency to separate. It

was pendulous and tapered from below up-

ward ; its structure was dense and lainellaled,

and not a single red globule entered into its

composition." In this case, as in other similar

ones quoted by Andral, the adhesion of the po-

lypus seemed due to an inflammation of the

endocardium, either excited by the contact, or

before the formation of the coagulum. That
such coagula may be permeated by bloodves-

sels is proved by the cases of Bouillaud and
Rigacci, quoted by Andral: in the latter cases,

these reddish filaments passed from thecolumna;

carnea; and entered the substance of the poly-

pous mass : they had all the appearance of

bloodvessels, and when injected with mercury
were found to divide into a number of small

branches that ramified through the substance of

the polypus. By careful dissection it was as-

certained that the tumour was formed altogether

of a mass of fibrine, such as is found in the sac

of arterial aneurisms Pus is occasionally found
in the centre of these fibrinous concretions, but

whether carried to the heart in the blood, and
accidentally enclosed in the coagulum during

its solidification, or formed in the coagulum by
some action within it, it is impossible to decide.

Osseous and cartilaginous deposit* too have been
found in them, as in the case from Burns, in

which one of these polypi was ossified in several

points, and so perfectly organized that on inflat-

ing tlie coronary vein, a number of minute ves-

sels on the surface and in the substance of tlie

tumour became distended with air.

(li. B. Todd.)

HEAT, ANIMAL.—Judging merely by
our sensations, we should infallibly conclude
that our bodies undergo very considerable

changes of temperature. This belief was in-

deed necessarily entertained previously to the

time when natural philosophy had discovered

a means of ascertaining the true state of the

matter. The application of the thermometer
has dissipated the error. But then error of an
opposite kind was run into, and the results of

a very limited number of observations led men
to conclude that the temperature of the human
body was invariable or nearly so. Still the

measures of temperature given by different ob-
servers did not jierfectly accord, tliough each
presented his conclusions as the temperature

of the race. It was but reasonable to imagine
that these discrepancies arose not from any want
of accuracy in observation, but from diversities

inherent in the subjects observed. This is

now known to be the case. But though proofs

of this truth have been greatly multiplied, the
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whole subject has never been presented in a

connected and systematic manner.
Since it is proved that the temperature of

the human body varies, we can only obtain an

approximation to itii actual amount by taking

the mean of all the good observations that

have ever been made, being particularly care-

ful to indnde the extremes; for a mean gives

but a very imperfect idea of a term that ought
to represent a variable number, if the limits

are not at the same time assigned and taken

into the account. The best observations of this

kind, provided they be sufficiently numerous,
will be those that have been made by the same
individual, inasmuch as there is great likeli-

hood that he will always have made use of the

same procedure and of the same instruments,

by which the results become more readily com-
{Mtrable one with another.

Temit.ratuiie of the uvmam body.—
In the following observations we shall make
use of the measures of temperature given by
Dr. John Davy. These amount to one hun-
dred and fourteen in number, and were made
on individuals of both sexes and of ditferent

ages in three quarters of the world, in Europe,
Asia, and Africa, in difi'erent latitudes, Under
various temperatures, and among individuals

of different races. But, as the knowledge of
the mean and extreme temperatures of the

body of man would have little value apart

from the sUttement of the circumstances and
conditions under which they were ascertained,

we shall at the ;ame time give the ages of the

subjects and the temperature of the air at the

time of the observations.

The mean age of the subjects of Dr. Davy's
observations was twenty-seven years. The mean
temperature ofthe air was 23°, 3 c. (74° F.*) be-
tween the limits of 15°, 5 (60° F.) and 27°, 8
(82° F.). In these circumstances the mean
temperature of the body, which was always
taken in the mouth, was 37°, 7 (100° F.) be-

tween the extremes 35°, 8 (96°, 5 F.) and
38°, 9 (102° F.). The greatest difference in

one hundred and fourteen observations, there-

fore, scarcely exceeded three decrees. The
temperature of the human body thus obtained
might be considered as exact if the conditions
of age and external atmospheric temperature
approached pretty closely to their res])ective

means. This, in fact, was the case as regards
the first term, but not as concerns the second

;

for some of the observations were made under
very intense degrees of heal, such as 27", 8 (82°
F.), but none at the opposite extreme, or at a
temperature which could be reputed cold, a
temperature of 15° (59° F.) being already suf-

ficiently agreeable. So that if the temperature
of the air influences that of the body, a ques-
tion which we shall examine by-and-by, the
mean which we have stated as the temperature
of the species would be too high.

It is of some consequence to pursue

* [The valuations according to Fahrenheit's >cale
the editor desires may be regarded as mere though
close approximations to the indications according to
the centigrade scale]

—

£d.

these inquiries among the lower members of
creation, among animals ; and the writer to

whom we are indebted for the observations

quoted upon man has also made a great num-
ber upon the lower animals. We shall there-

fore continue to make use of this series of

experiments, as we have already made use of
that which bore upon man individually.

Temperature of the Mammalia.—TTie

observations here were made on thirty-one dif-

ferent species taken from among the principal

divisions of this class, and under a mean tem-
perature of the external air equal to 25° (77°

F.), between the limits of 15° (59° F.) and 30°

(86° F.).

The mean temperature of the body of the

Mammalia was 38°, 4(101°, 10 F.), the max-
imum being 40°, 5 (105° F'.), the minimum
37°, 2 (99° F.). The extent of variation con-
sequently presented by the Mammalia, 3°, 3
of the centigrade scale (6° ¥.), is nearly equal
to that exhibited by man. But there is this

difference between the two scales, that the
extremes and the mean in the case of man are

inferior to the corresponding terms in the case

of the Mammalia.
Temperature of Birds.— The observa-

tions here were made on fifteen species in

different orders. The mean temperature of the

air was 26°, 1 (79° F.), between the extremes
15° (59° F.) and 31°, 5 (88°, 75 F.). The
temperature of the subjects of the experiments
offered a mean of 42°, 1 (107°, 86 F.), the su-
perior limit lieing 43°, 9(111° F.), the inferior

37°, 2 (99° F.). The tem|)erature of birds,

therefore, presents a scale much more exten-

sive than that of man and the Mammalia,
amounting to as many as 6°, 7 degrees centi-

grade (12f.). It also stands alrave both of
the others in the point of its mean, which is

higher by 3°, 7 (6° F. nearly) in its upiier

limit, and 5° centigrade (about 9° F.) higher
in its lower limit. The lower limit, in fact,

corresponds very nearly with the mean term of
the heat of the Mammalia as exhibited in the

preceding scale. But in neither scale can we
say much in regard to the inferior limit, inas-

much as no observation was taken at a tem-
perature lower than that of fifteen degrees cen-
tigrade (59° F.).

W hen we compaie the preceding statements
of the temperature of animals, it is apparent
that it varies but little between one species and
another of the same class. In passing to dif-

ferent classes, however, the difference becomes
very considerable, and though the observations

are here much fewer in number, they are per-

fectly satisfactory as regards the general result.

Temperature of Heptiles.— From nine

observations made on members of the four

orders of Repti'es, Dr. Davy found, the ex-

ternal air having a mean temperature of 26°, 5
(79°, 75 F.) between the extremes 32° and 16°

(89°, 5 and 60°,75F.), that the temperature

of Ileptiles was not higher than 28° (82°, 5 F.).

Temperature of Fisues.—If from Re[)-

tiles we pass to Fishes, corresponding and
even more remarkable differences are perceived.

Dr. Davy, indeed, gives the temperature of
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no more than five species, but tliey belonsed
to very difierent orders. The mean external

temperature being 22°, 3 (72°, I".), that of
fishes was found to be but 23°, 2 (74° F.),

which is very little more than one degree cen-

tigrade higlier. This difference becomes even
more striking, if possible, as we descend in

the scale of animals.

Temperature of Insects.— From eight

observations on Insects of very dissimilar spe-

cies, the mean temperature of the air being
24° (75°, 5 F.), that of the insects was 24°, 2

(75°, 75 F.)

Temperature or the Crustacea.—Two
species of Crustaceans, the cray-fish and crab,

presented a still more interesting phenomenon.
The mean temperature of the air was 24°, 4
(70° F.) at the time of experimenting, that of the
Crustacea 24°, 1, or somewhat lower than the

ambient medium. This we do not presume to

present as the rule, but we would say that the

temperature of the Crustacea is nearly equal
to that of the medium in which they are

plunged.

Temperature of the Mollusca.— In
observing the temperature of a single Mollusc,
the common oyster, the temperature of the sea

being 27°, 8, (82° F.) that of the animal was
27°, 8 also.

It is obvious, tlierefore, that the differences

in the iempfrature of animals fiom reptiles

inclusively downwards is very inconsiderable.

All these animals, indeed, may he united

under a single category, and regarded as con-
stituting a single group characterised by the

state or degree of their temperature. The
same may also be done with reference to the

animals of the two higher classes, Mammalia
and Birds, which in point of temperature are

so nearly akin to each other.

There are consequently two grand divisions

of animals as regtirds temperature; the one
comprising the Mammalia and Birds; the

other including Reptiles, Fishes, Insects, Crus-
taceans, and Molluscs. The first is known
under the name of wurm-bluoded animals, the

second under that of cold-blooded unimuls.

To characterize the first under the view of

temperature, the mean of the temperatures of

the respective classes which compose it must
first be taken. From the experiments of Dr.
Davy the mean temperature of Mammalia ap-

pears to be 38°, 4 (101° F. )

that of birds 42°, 1(108° F.
)

Mean of both classes 40°, 25 (104°, 5 F.)

We may therefore say that the mean tempe-
rature of warm-blooded animals, including

man, surrounded by a moderate external teni-

Eerature is in round numbers 40° (104 F.)

etween the limits of 36° and 44° (97° and
111°, 5 F.), by which we have a scale of dif-

ference amounting to 8° (about 14° F.').

The other class, that, namely, including the

cold-blooded animals, having no peculiar tem-
perature proper to them, may be characterized

in the following manner:—their temperature

differs little or not at all from that of the sur-

rounding media in which they live, when this is

at a degree which maybe called moderate; so

that the differences are either inappreciable, or

do not exceed the limits of -}- 4 (39°, 50 F.).

We shall return by-and-by upon this character,

whicli requires development.

General conditions of organization in relation

with the production of' a greater or lest

degree of heal.

So wide a difference in the heat of the two
categories of animals might lead to the pre-

sumption that there is also a very great dif-

ference in point of structure. If, indeed, this

lelation exists and is easily detected, we may
be led to discover the general conditions of

organization upon which the production of
heat depends. Is there an organization com-
mon to Mammalia and Birds, distinct and
different from that belonging to the other

classes of animals ? This question can be an-

swered in the affirmative ; there is a well-marked

diversity of organization which distinguishes

Mammalia and Birds from all other animals.

I. The most prominent feature of diversity

exists in the sanguiferous system, which is

divided through its entire extent into two dis-

tinct parts without direct communication be-

tween them, the heart presenting a complete

median septum, the bloodvessels in like man-
ner forming two systems of canals, which
have also no immediate communication in their

trunks.

II. This peculiarity of structure, which is

only met with among animals having warm
blood, is regularly associated with an organ

adapted for aerial respiration. The character

which distinguishes this respiratory organ from
the one met with among cold-blooded animals,

reptiles especially, is this,—that either in itself

or its apfiendices (the air-sacs of birds) it pre-

sents a much larger extent of surface in relation

with the air.

III. Warm-blooded animals are farther dis-

tinguished from the cold-blooded by important

modifications of the digestive canal. 1. The
first portion of the apparatus from the mouth
to the stomach is much more complex in them;
for instance, it presents either a much more
perfectly developed dental system, fitted to

divide the food, or a sac, as among birds,

fitted to macerate the aliment, and cause it to

undergo a kind of preparatory digestion before

it is passed to the stomach. 2. The stomach
is more distinct; either the entrance to and
exit from this pouch are better marked, being

often provided with a valve, as in the Mam-
malia, or its structure and form are more spe-

cial, as we observe it among Birds. 3. The
intestinal canal is much longer in the warm
than in the cold-blooded tribes.

IV. The nervous system presents diversities

still more important and well-marked. The
most striking character exists in the proportion

of the principal trunk of this system, and
especially of its encephalic extremity, which
is much larger in the warm thau in the cold-

blooded animals.

ITie most remarkable structural conditions



ANIMAL HEAT. 661

of warm-blooded animals, then, are four in

number, three of which are referable to the

organs of nutrition, the fourth to the nervous
system, which may be briefly related in the

following order:— 1. higher complication and
greater extent of the digestive apparatus; 2.

entire separation of the circulating apparatus
into two systems, the venous and arterial, with-

out direct communication between them ; 3.

organs of aerial respiration presenting a much
larger surface to the contact of the atmosphe-
rical air; 4. a nervous system of which the

axis, and especially the encephalic extremity,

bears a very high ratio to the whole.

These structural characters determine the

following modiHcations of function. 1st,

The complexiiess and greater extent of the di-

gestive apparatus in warm-blooded animals

produces a more perfect elaboration of the

matters which serve for the formation of blood.

2nd, The arrangement of the parts of the cir-

culating system maintains the arterial blood
quite distinct from the venous, and in a state

of complete purity. 3rd, The respiratory ap-
paratus, by the great extent of its surfaces m
contact with the air, secures that its distinguish-

ing qualities be imparted in the highest pos-

sible degree to the arteiHal blood, which more-
over is elaborated in larger quantity. The
predominance of their nervous system, and es-

pecially of its encephalic extremity, renders

all the parts of the body much more excitable,

and gives the greatest energy to the nutritive

functions. The whole of these organic condi-

tions are mutually dependent, and may be
reduced to the expression of these two general

conditions:— 1st, the formation and distri-

bution of' the arterial blood, the particularly

exciting and nutritive blood of the body ; 2nd,
the most powerful influence of the nervous

system.

As these characters of primary significance

in the animal economy coincide in Mammalia
and Birds with the greater production of heat,

and thus distinguish them from all other ani-

mals, it is probable that between these organic

conditions and caloricity or the power of
evolving caloric, there is a relation of the na-
ture of cause and effect. It is even almost
impossible that this should be otherwise than
as it has been stated ; for the characters of
orgimization and the peculiarities of function,

coincident with the greater evolution of caloric,

are almost the sole points of any importance
that distinguish warm from cold-blooded ani-

mals.

It is therefore nearly certain that the condi-
tions requisite to the production of heat must
exist within the circle of the functions which
we have described. And if this relation do
actually exi^t—as these functions are in a
state of mutual dependence,— it follows that

one of them cannot be modified, the others

remaining, so to speak, in the same condition,

without modification resulting in the calorific

capacity likewise. It is of great consequence
to verify this assumption, because if it be
well-founded, the probability already elicited

of the power of engendering heat being de-

pendent on the slate of the functions in the

relations which have been indicated, becomes

matter of certainty. So that it is of the highest

import to follow the modifications of these

functions presented by animals and man in

order to compare them with the respective

varieties of calorific power presented by each.

And if we find that they coincide, and accord

with the principle established, we shall have

discovered the conditions of organization and

of function upon which the production of ca-

loric depends.
Conditions of organization and of func-

tions may be entitled the physiological causes

of the production of animal heat. If we
succeed in determining these, we ought to

rest satisfied. If, indeed, to this knowledge

we could add that of the immediate cause of

this phenomenon among animals, or what is

the physical cause, it would be a great gain

for science. This, accordingly, was the ob-

ject of the labours of the majority of phy-

siologists who have given their attention to the

subject of animal heat. But they could not possi-

bly succeed in their researches, for the simple

reason that natural philosophers themselves have

not yet discovered how heat is produced in the

inorganic world ; although indeed they have

Presumed that they were acquainted with it.

t is not to be wondered at, then, that attempts

have been made to detect this presumed cause

amidst the complicated phenomena of life.

But natural philosophers have lost confidence

in the theory which they had formed, and are

searching for a new one. Meantime they are

doing what ought always to be done under
such circumstances ; they are studying with

care the various conditions and circumstances

in which it is produced ; determining these

with precision, and measuring with rigour the

quantity of heat produced. Of late, therefore,

many distinguished physiologists have entered

on the same path, and by experiment have

endeavoured to ascertain the physiological con-

ditions of the production of heat. But if

their predecessors have not attained the object

they had in view, they have nevertheless ren-

dered very essential services to science ; for in

searching afler the physical cause of heat, they

have determined with precision the physiological

conditions of the production of animal heat,

which are of very great importance. Inde-

pendently of the simple observation of the actual

temperature of animals, the labours of physio-

logists on this subject consist almost entirely

of experimental facts, that is to say, facts

created by science.

But there is one source of inquiry into the

laws of animal heat which has been little

dipped into, although it is beyond all comparison

the most abundant. I allude to that presented

to us by nature in the all but infinite variety

of modifications of organization and pheno-

mena exhibited in the vast chain of animated

things, not only in the diversities of species,

but also in the varieties of age and constitution,

and the changes induced by the states of health

and disease. In making this an object of

peculiar study, we become acquainted with
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the greatest possible nunilier of phenomena
connected witli animal heal ; and in determin-

injl the pliysioloaical conditions of its prodnc-

tion, we sluiU lay up a store of theoretical

knowledge peculiarly applicable to practice,

tlie end and object of all physiological inves-

tigation.

The means of comparing these modifications,

however, and of judging of their importance

are not always easy. We shall do as much as

the actual state of our knowledge permits if

we inquire first, by what means we can ap-

preciate the modifications relative to the arterial

blood.

1. As regards the qtiantUi/ of the arterial

blood, we shall view this point of the inquiry

less with reference to the whole amount of

blood circulating in the body, than to the

quantity which is formed at a time, as it weie,

in the lungs; because it is evident that if the

arterial blood influences the phenomenon of

heat, the more that is formed at any given

time the greater ought to be the direct or in-

direct influence upon the production of heat.

a. As it is not always possible to have a direct

and precise measure of the relative quantity of

blood in the organs, we must be content with

an approximative mode of estimating this,

which consists in ascertaining in what degree

the lungs are loaded with blood, b. Anaid to the

judgment may also be derived from the relative

size of the lunj;s, the tissue being presumed to

be nearly alike throughout their entire mass.

c. With an equal volume of lungs, the greater

or less compactness of the tissue must be taken

into the account. The closer the tissue is,

the more are the surfaces in contact with the

air multiplied. </. The extent and rapidity of

the respiratory motions form another element

in the calculation ; for to increase the amount
of relation with the air is analogous to the for-

mation of a larger quantity of arterial blood

within a given time.

All the foregoing data refer to the absolute

or relative quantity of arterial blood, liut

there are other particulars connected with its

constitution which it is necessary to mention.

The blood, for instance, is composed of a fluid

and solid part, the latter existing under the

form of globules. It is obvious that the fluid

is not the characteristic part of the blood, in-

asmuch as this is met with elsewhere, whilst

the globules of the blood are only known as

constituents of this fluid. Tlie urierlid blood

coiiitquentli/ ought to have quuUties by so much
the more distinctive and energetic as it con-

tains a larger proportion of globules. Now
this is a character that may be appreciated with

exactness, and measures of it have been given.

But the globules of the blood are not in-

variably of the same nature, a fact which may
be judged of by outward and very obvious and
appreciable characters, namely, size and form.

The smallness and more or less perfectly sjihe-

rical or rounded form of the blood-globules

distinguishing animals with warm blood, co-

incide in the Vertebrata with a higher capacity

to produce heat. For we do not institute this

comparison here save in reference to animals

included in this division, inasmuch as the cha-

racters of the blood have only been studied

under these relations among them. We shall,

therefore, hold the energy of the calorific power

to be connected with the smallness and rounded

form oi the globules of the blood in vertebrate

animals.

2. The materials of the blood being sap-

plied by the digestive apparatus, we might

judge, all things else being equal, of the per-

fection of the blood by the perfection of this

apparatus. Hut there is likewise a necessary

co-relation between the result of the function,

and the aliment; foi- instance, when the ap-

paratus shall be found nearly alike in any two

cases, the difference of food necessarily in-

fluencing the qualities of the blood, the com-
parison must be established, every other cir-

cumstance being equal, according to the higher

or lower nutritive qualities of the food.

As the use of the arterial blood is to excite

and nourish the difl'erent pans of the body,

there will be a necessary correspondence lie-

tween the blood and the result of the nutrition

which may become manifest in the nature and

quality of the tissues. And in this case it

would be fair to make use of these characters

of tissues to form an estimate of the nature of

the blood in reference to its aptitude to pro-

duce heat ; and this we shall accordingly do.

But even in the event of all these characters

failing us, there is another source whence we
can derive comparative measurements, which

are susceptible of very rigorous application.

Since it is necessary that the venous blood

should pass through the lungs in order to be-

come arterial from contact with the air of the

atmosphere, it is obvious that it cannot un-

dergo any change in its constitution without

the air at the same time suffering a change.

That the air is altered by the respiratory act is

well known to all, and as there is a necessary

co-relation between the blood aerated during

respiration and the air which it alters, the

amount of alteration undergone by the one
may be estimated from the change suffered by
the other. Tlie quantity of air altered by re-

spiration, all other things being equal, ought

to be found in relation with the production of

heat.

The different characters which we have men-
tioned all refer directly or indirectly to the

blood. There still remains one of another

order which may also serve us as a guide in

making comparisons in reference to the pro-

duction of heat. The allusion here made is

to the nervous system, the superior value of

which in warm-blooded animals has already

been commented on. It is thus, then, that we
may assume the predominance of the nervous

axis, and particularly of its encephalic ex-

tremity, as a condition favourable to the pro-

duction of heat, and which, in circumstances

of parity among the other conditions, must
tend to the production of a greater quantity of

heat. Such are the modes of proceeding which
we shall follow in investigating the modi-
fications of the organic conditions and of the

functions which coincide with the greater evo-
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lution of heat. To ascertain whether this

coincidence is to be viewed as being in the

mutual relation of cause and eflect, it imports

to know wliether or not their variations are in

relation with those of the heat pro<iuced. If

they coincide whenever we compare them, pro-

vided these comparisons are but sufficiently

numerous, we shall be safe in admitting a
neccsNary connexion between them. We were
led to the relation which engages our attention

in the course of our comparisons of warm-
blooded animals with those having cold blood

considered in general. Let us now enter upon
a coinjianson of the same kind, but more par-

ticular, whilst we take account of the most
important subdivisions of these two great

groups in order to verify our first inductions.

V\ e shall first compare Mammalia and Uirds

to detirmine which of the two classes, in con-

formity with the principle to which we have
been led, has its organization most favourable

to the production of heat.

The lun;;s of Birds, although smaller, are

more loaded with blood than those of the

Mammalia, and are in communication with ex-
tensive air-cells, spreading all through the body
and even penetrating into the cavities of the

bones, so that the air may be said to penetrate

the body generally, and to be in contact with

the ramifications of the aorta as well as with

those of the pulmonary artery ; the blood ofthese

animals is therefore in the most extensive rela-

tion imaginable with the air of the atmosphere.
Again, if the nature of the blood of Birds be
considered, independently of this extensive

relation with the air, the organic condition here
will not appear less favourable to them. The
globules of this fluid, indeed, are a little larger

and less spherical than in Mammalia, which is

a disadvantage ; but the proportion they bear
to the fluid part is so favourable to Birds that

this circumstance must give them immensely the

advantage in reference to the character which
engages us. With regard to the nervous sys-

tem, if the encephalic extremity is developed
in a minor degree in Birds, their circulating

and re.si)iratory systems act with greater quick-
ness. J^astly, and as an eflect of the whole of
these conditions, the consumption of air is much
greater among Birds than among Mammalia.

From all that precedes, it follows, if the
principles already laid down be correct, that

Birds ought to produce the greatest quantity of
heat ; and this is actually the ca.<e, as we have
seen when we were speaking of the actual tem-
peratures of the different classes of animals

—

the mean temperature of the Mammalia is

38°, 4 (101° v.), that of Birds 42° 1 (108 K).
Here, then, is a powerful confirmation of the
relation which we have recognized between the
conditions of the oi-ganization and the produc-
tion of heat; it is of so much the more value
as the relation being biised on the comparison
of two classes so numerous, the verification is

made on a scale of proportionate extent. We
shall extend it still farther by contrasting in the
same manner the two other classes of the Ver-
tebraia, Rei)tiles and Fishes.

1. The organs which prepare the materials

of the blood—the digestive apparatus is more
complete among Heptiles than among Fishes;
1st, in the dental apparatus when it exists;

2d, in the more distinct stomacii ; 3d, in the
greater length of the intestines.

IL The blood of Heptiles is superior to that

of Fishes both as regards the nature of the
globules and their relative proportion, their size

being smaller, and their numbers greater, than
among Fishes.

If the whole of the blood in the Reptile is

not transmitted through the organ of respira-

tion, whilst in the Fish it is, a larger quantity
of this fluid is brought into contact with the air

in the same space of time in consequence of
the greater extent of surface of the organ in the
Reptile, and then the Reptile has the farther

immense advantage of a pulmonary or aerial

respiration, whilst that of the Fish is branchial
or aquatic. To conclude, the nervous system
of Reptiles is much more developed in the
cerebro-spinal axis, and especially in the ence-
phalic extremity, than in Fishes.

F'rom this comjarison it follows that the
organic and functional conditions, judging of
these in conformity with the principles which
we have taken as our guide, are much more
fevourable to the development of heal in Rep-
tiles than in Fishes. I'his theoretical deduction
is fully confirmed by direct observation, as we
have seen above, and this verification becomes
a new confirmation of the accuracy of the prin-
ciple.

We continue to pursue this parallel by a
summary comparison of ilie organization in its

relations with the production of heat in the
cold-blooded Vertebrata and the Invertebrata
generally. A glance suffices to shew the vast
inferiority of the Invertebrata in this as in every
other respect. In the first place their blood is

so little of the same nature as that which has
been recognized most favourable to the produc-
tion of heat, that it wants the characters whe-
ther of arterial or of venous blood. The blood
of the Invertebrata, with the exception of a
very small group (the worms wiUi red blood),
is colourless. In the structure and number of
its globules it is also greatly inferior. The
globules, indeed, may be smaller, but tlien they
are of a much more simple structure, and con-
sequently lower in the scale, in other words
more imperfect. In the relation to the fluid

part of the blood too, they are in much smaller
proportion than among the Vertebrata. An
analogous character is manifest in the tissues

generally, the proportion of water in them
being incomparably larger in the Inverte-
brate than in the Vertebrate series of animals.
Finally, tliere is an immeasurable inferiority in

the nervous systems of the Invertebrate com-
pared with even the lowest of the Vertebrate
series of animals.

Fiom all this it results, agreeably to the
principle of which we are now showing the
application, that the Invertebrate ought to have
a much smaller capacity of producing caloric

than even the cold-blooded Vertebrate animals

;

and this is exactly as we found matters to be
by direct experiment in regard to the tempera-
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ture of the different classes, the results of which
have been already stated. Tlie comparison
might 1)6 carried out in rejjard to Insects and
the Mollusca, which present some appreciable
differences. If attention were confined solely

to the structure of the greater number of the
organs of nutrition, which are much more
largely developed in Molluscs, it might be
inferred that they had a higher calorific power
than Insects; but when we take into the account,

1st, the final result of the nutritive functions,

the quality of the tissues, which in the INIollusc

are much more loaded with wateiy fluid, by
which they acquire a greater degree of softness

and flaccidity, (whence the class has its name,)
whilst in the Insect they are, on the contrary,

as remarkably dry and firm ;—2d, when tlie

most general mode of respiration is compared
in the two divisions, it being in the Insect
aerial, in the Mollusc aquatic ; 3d and lastly,

when we glance on the one hand and on the
other at the state of the nervous system, and
observe how much less perfectly this is developed
in most of the Molluscs than in the Insect, it is

impossible not to perceive that according to the

principles influencing the production of heat,

the Mollusca must be inferior in this respect
to Insects. This is indeed the result of obser-
vations of all kinds, however imperfect or
limited these may have been, as we have seen
above.

It is impossible to carry the comparison
further; the phenomena connected with heat
in the lower grades of the animal creation
become inappreciable; and this even in virtue
of the same principle that has been an-
nounced ; for the tissues are found to become
more and more watery as we descend in the
scale, till at length the solid constituent is

almost inappreciable. Of course the circulating

fluid must be watery in a still greater ratio; it

contains but few globules; and then the ner-
vous system falls off in a still greater propor-
tion ; it becomes more and more imperfect, till

at length no trace of it is to be discovered.
We thus arrive at the last links of the chain,
after having run over the whole animal king-
dom, aud we have found one uniform principle

of correspondence between organic modification
and calorific power. It were difficult to imagine
any more satisfactory proof of a principle than
has been aftbrded ; indeed as this has on no
one occasion been found belied, we are fully

authorized to regard it as established.

We have as yet examined but two points in

reference to animal heat; l.st, the temperature
of man and of the different classes of animals;
2d, the general relations of organization with
the production of heat. In mentioning the

temperature in any case, we have spoken
of it as determinate; and farther, to have data
that should be always comparable, the tempe-
ratures have been taken re^-ularly in the same
places,—viz. the mouth in man, and the other
extremity of the intestinal canal in animals.

We have still to ascertain whether the tempera-
ture varies or is identical in different parts of
the body.

Temperature of different parti of the body.

—There is no need of the thermometer to tell

us that all parts of the body do not at all times

preserve the same temperature. We are

often certain that the extremities are colder

than the trunk for example ; and a law of
decrease of temperature in the ratio of the dis-

tance of jiarts from the heart had even been
deduced from this observation. But when
exact measurements came to be taken, this law
was soon found to be at fault, as will he seen

by-and-by in the course of these observations.

Dr. Davy, in taking the temperature of the

different parts of the body of a lamb, found
that of the right ventricle of the heart 40°, 5
(105° F.), that of the left ventricle 41°, 1 (106°

F.). The left ventricle was thereibre higher in

temperature than the right to the extent of a

degree of the scale of Fahrenheit's thermometer.

The temperature of the rectum corresponded

with that of the right ventricle.

In my inquiries along with M. Gentil

into the relations in point of temperature of

certain external parts, we found in a strong

man, yjerfectly at rest in mind and body,

in the month of July, the external air being at

21°, 25 c. (71° F.), the temperature of the

mouth 38°, 75 (102° F.) ; that of the rectum

corresponded. The hands presented the next

highest degree, marking nearly 37°, 5 (99°, 5 F.).

What is remarkable is that the axilla; and
groins, which corresponded with one another,

were very sensibly lower in temperature than

the hands; they did not raise the thermometer
higher than 36°, 96 c. (99° F.). The cheeks

marked 36°, 93 (96°, 5 F.), the temperature

being ascertained by enveloping the bulb

of the thermometer in the skin of these

parts. The feet were a little lower, 35° 62
(about 96° F.) ; their temperature being deter-

mined by placing the thermometer between the

two, so that the bulb was surrounded on every

side. The temperature of the feet was, there-

fore, notably lower than that of the hands,

differing to the extent of 1°, 88 of the centigrade

scale (above 3° of Fahrenheit's thermometer).

Placed on the skin between the thorax and
abdomen the thermometer was at its minimum,
not rising higher there than 35° (95° F.); but

here a part of the bulb being in contact with

the air, there must have been considerable

cooling.

As the question here is not of absolute but
merely of relative temperatures, we can make
great use of the results come to by the different

writers quoted. We shall present a summary
of these under the following head.

Relations between the tcmpcrutitre of inter-

nal purts.—1st. The warmest part of the body,
according to John Hunter, is in the abdomen
close to the diaphragm. 2d. The next part in

point of temperature is the left ventricle of the

heart. 3d. 'fhe right ventricle of the heart is

the next in succession. The rectum and the

mouth shut are of the same temperature. The
greatest ditference consequently between the

temperature of these internal parts does not

amount to more than 1° centigrade, or at the

utmost 2° Fahrenheit.

Supposing the relations in temperature of the
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internal parts to be pretty constant in the

nonnal state, the tempcralure of the right ven-

tricle of the heart and of the rectum may be

determined by taking the temperature of the

closed mouth ; that of the left ventricle will be

found by adding 0,44 c, or 1° F., to the degree

indicated.

lietatiims in point of temperature between

exlcniul parts.—We have only data for insti-

tuting comparisons in regard to the hand,

the axilla, the groin, and the feet among the

external parts of the body. In a moderate

suinmei-heat the hand appears to be the part

which is most susceptible of showing a high,

the feet the parts most susceptible of exhibiting

a low temperature. The axilla and groin gene-

rally exhibit nearly the same degree of tempe-
rature; and the amount in which they differ in

this particular from the mouth may be stated at

about 1°, 75.

When we direct our inquiries with a view to

ascertaining any general relation in the tempe-
ratures of difl'erent parts of the body, whether
external or internal, we soon discover, as has

been already stated, that this has no connexion
of an inverse kind with their distance from the

heart. At the same time there is a general

condition discovered influencing the tempera-
ture of the different parts. This is their srtua-

tion in reference to the surface or inside of the

body. The temperature is higher, for instance,

within the trunk than on its outside. What-
ever other reason may be assigned for this,

there is one which is purely physical, that must
iufluence it powerfully. It is obvious that the

surface of the body and limbs must cool much
more rapidly than the interior of the body. So
that, supposing the temperature at first to be
every where uniform, the difference in the rate

of cooling would very soon suffice to cause a
notable reduction on the exterior beyond that

which took place in the interior of the bodv.
This cause, however, can only be chai'ged with

its own share of influence ; there are others

which must act with considerable effect, and
among these especially the one upon which the

production of heat depends. \Ve have seen

that the condition of the functions of nutrition

most closely in relation with animal heat was
connected with the arterial blood. Now inas-

much as the arterial blood is that which is most
intimately connected with the production of
caloric among animals, we might fairly expect
that the temperature generally would be rather

above that of the venous blood. And we have
seen that there was actually a difference be-
tween the temperatures of the two ventricles,

that of the left being the higher. Experiment
has also shown that there was a corresponding
diffisrence in the temperatures of the two kinds
of blood circulating in the arteries and veins ;

arterial blood is actually higher in temperature

^r tban venous blood to the extent of a degree ofK Fahrenheit's sca'e. We shall add here, and in^ conformity with the same principle, that it is

to this diHcrence of tempfirature of the two
kinds of blood that the difference in the tempe-
rature of the right and left ventricle of the heart
is owing. V\e need not be hindered in adojit-

ing this conclusion from the circumstance of
the blood of either ventricle being found in a
slight degree inferior in temperature to the ven-

tricle itself, inasmuch as the blood abstracted

from tlie canals that contain it, and ex]K)sed to

the air, begins to eva[)orate, and lo.ses heat ra-

pidly. Nevertheless it is not demonstrated
that the difference in temperature of the blood
out of and of the blood in the ventricles of the

heart depends on this cause. There may be
another at work; the influence of muscular
contraction for instance, a point which we shall

e.xamine generally by-and-bye. New means of
estimating variations of temperature have been
lately discovered, by which changes that en-
tirely escaped us as judged of by the thermo-
meter are made abundantly obvious; by which,
indeed, the temperature of parts inaccessible in

their natural and normal condition to the ther-

mometer are now investigated without diffi-

culty. In using the thermometer as the means
of estimating temperature, it is evident that

this instrument could not be introduced into

the external parts without injuring the tissues,

without incisions, &c., which would necessarily

alter them materially, and produce so much dis-

turbance in their functions, that an increase or
diminution of temperature must almost neces-
sarily have been the consequence. The ther-

mometer, besides, however small its dimen-
sions, has the inconvenience of always either

absorbing or giving out a considerable quantity
of heat according to circumstances, l>efure it

gets into equilibrium with the parts with which
it is brought into contact. A necessary fall or
rise in the absolute temperature of these parts

is the natural consequence of this. Further,
the thermometer is incapable of showing sudden
variations in temperature; several minutes must
always elapse before it gets into a stiite of equi-
librium in regard to temperature with the parts
or medium surrounding it. If a thermometer,
for instance, be placed in the mouth, three or
four minutes must elapse before it will cease lo

show any increase of temperature. Now if any
calorific phenomena of short duration were de-
veloped in that time, it is evident that all idea
of their occurrence would escape us.

These considerations led to the adoption of
thermo-electrical means by Messrs. Becquerel
and Uieschet. The processes they employed
in procuring indications of temperature were
the following. The only means we have of pe-
netrating into the interior of organs without in-

jury is to make use of a needle similar to that

employed in acupuncture. Now it is easy to

arrange this needle so as to obtain thermo-elec-
tric indications, which proclaim immediately
and with the greatest precision the tem|)erature

of the part or medium with which the point
happens to be in contact. It is enough to

compose this needle of two others in metal,
two of the extremities of which are soldered
together in a few points only, whilst the other
two are placed in communication with one of
the extremities of the wire of an excellent ther-

mo-electric multiplier. The slightest changes
of temperature at the points of junction give
origin to an electrical current, which, in reacting
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on the magnetic needle, causes it to deviate by
a certain number of degrees, wliicli conse-

quently become indices of tlie temperature of

the point of tlie needle, and therefore of the

medium in which it is placed. The multiplier

ouglit to be so sensitive as to show a deviation

of one degree of the magnetic needle for each
one-tenth of a degree of temperature as mea-
sured by the centigrade scale, an amount of

temperature made sensible by the union of the

two ends of the wire which forms its circuit

with an iron wire soldered by its ends.

So much for the general principle upon
which and by which the inquiries of Messrs.

Becqiierel and Breschet were conducted. As
to all the precautions necessary to render re-

searches of the kind fruitful, as tliese are nume-
rous, we beg to refer for an account of them to

the memoir of the authors themselves.

Difference of temperutiire according to the

depth.—By the means contrived by liecqnerel

and Hreschet the temperature of the calf of the

leg at the depth of four centimetres from the

surface was found to be 3(i°,75 (about 98° I''.),

and at one centimetre 34°,50 (about 94° F.),

a difference of 2°,25 (4° F.). In the chest the

tem|)erature at the depth of the pectoralis

major, compared with that of the superficial

cellular tissue at the depth of one centimetre,

showed a corresponding difl'erence; the deeper
parts were 2°,25 (about 4° F.) higher than the

more superficial. In seven experiments made
on the arm the mean difference of temperature
between the deeper strata of the biceps and the

superficial cellular tissue over the same muscle
amounted to 1°,59 c. in favour of the deeper
parts.

The next point of inquiry wastoknow whether
it was enough to penetrate to the depth of three

or four centimetres into the trunk and limbs to

attain the points of highest temperature in

these parts. With this view we have compared
the observations made by the authors mention-
ed, in the same individual, with regard to the

temperature of the mouth and of the biceps

muscle, and we find that tlie mean temperature
of the mouth was 36°,89, that of the biceps

36°,88, (about 98° F.),—a result which may be
called identical with the former. The mean of
seven other experiments, however, shows the

relation of 36°,89 c. for the mouth, of 36°,75 c.

for the biceps ; the difference here is evidently

in favour of the mouth. It were to be wished
that inquiries in this direction were multiplied

in order that absolute certainty may yet be
attained.

In the preceding experiments, in penetrating

to different depths, the nature of the tissues at-

tained also differs, a circumstance which must
tend to complicate the results ; for it is possi-

ble that the nature of the tissue may have some
influence on the evolution of heat. This is

even an inference which we should deduce
from the principles already established, were it

merely in consiileration of the different quanti-

ties of blood they contain. And this conclu-
sion is even confirmed by the experiments of
the parties mentioned ; for on compressing the

humeral artery strongly, the motion of the nee-

dle immediately announced a fall of tempera-

ture to the extent of several tenths of a degree.

This experiment is interesting from the rapidity

and precision of the effect. There are other

cases well known by which we are led to a
corresponding conclusion ; but nowhere else is

the fact seen in so simple a guise, or in so ma-
nifest a relation of cause and effect. In opera-

tions for aneurism, indeed, and other cases re-

quiring the ligature of a large artery, the tem-
perature of the parts supplied by the vessel

tied falls so low as to require to be supported
by artificial warmth ; but then a severe and
bloody operation has been performed by which
the conditions are complicated. In the expe-
riment mentioned, on the contrary, nothing

occurs to disturb the state of the economy ; the

effect instantly follows the cause, and its

amount is even at the same moment ascer-

tained.

Seeing, then, that in the same tissue the freer

or more interrupted access of arterial blood

causes the temperature to vary, it is fair to infer

that the relative freedom of access or quantity

of this fluid which circulates through other

tissues should have sui influence upon their

temperature ; in otlier words, that tissues differ

in their power of producing heat according to

the quantity of blood which circulates through

them. We can scarcely doubt, therefore, but

that the differences of temperature observed be-

tween the deeper -and more superficial parts are

complicated by the mere fact of difference of

distance from the surface, and also by the cir-

cumstance of difference of tissue. The super-

ficial layer in the preceding experiments was
cellular membrane ; the deeper layer was mus-
cular. But the muscles receive a much larger

quantity of blood than tlie cellular membrane,
and their temperature, from this circumstance

alone, ought to be higher.*

* [Messrs. Becquerel and Breschet, in a memoir
lately read before the Royal Academy of Sciences,
(Ann. des Sciences Nat. Mai 1838,) entitled,
*' Further Oiiservations on the Temperature of the
Tissues of the body of Man and the lower .'Vnimals,

as ascertained by means of thermo-electric effects/'

have made a few additional observations which de-
serve quotation in this place. Tlie temperature of
the mouth being used as the standard of compari-
son, tJie temperature of the biceps muscle was
found to be but 36°, 20 c, instead of 3ti°, 60,
which was the term derived from previous experi-
ments, and to fall short of the temperature of the
mouth by as many as 4° c. (above 7** F.)

In making experiments upon the influence of
the temperature of surrounding media upon that of
the tissues, Messrs. Becquerel and Breschet intro-

duced the needles of their thermo-electrical appara-
tus into the biceps muscles of two young and
healthy individuals, the air at the time marking
16° c. (6I°F. ). The magnetic needle did not deviate
in the least ; so that the two nniscles possessed
precisely the same temperature. One of the arms
was now immersed for a quarter of an hour in water
of the temperature successively of 10°, 8°, 6**, and
0°c. (50°, 47", 43°, and 32° F.). The deviation of
tlie needle did not amount to more than two degrees
of its scale in favour of the muscle of the arm which
was not plunged inlo the water. The partial cold
bath, consequently, had only caused a depression
of temperature to the extent of about one-lifth of a
degree c. The arm being now plunged into water
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We might even deduce from this a fact of

great importance in the animal economy, viz.

that muscular contraction is a Ciiuse of heat, in-

asmuch as it determines the afflux of blood to-

wards the muscles themselves as well as to-

wards all the surroundmp parts. It is very

difficult to conceive an occasion of verifying

this position in its simplicity ; for bo<lily cflbrls,

in which the skin becomes red and injected,

are always accompanied with some disturbance

of (he res])iration and motion of the blood. We
have, however, had an opportunity of seeing

one individual of athletic powers, who, by
merely throwing the muscles of the fore-arm

into stroiio; contraction, could cause the integu-

ments of the forearm to become red. During
the act of muscular contraction consequently,

the temperature must have a tendency to rise.

at Ihc temperature of 42° c. (108" F.) for fifteen

minutes, the temperature of the mu'clc as compared
with that of the other was found to have increased onr

-

fifth of a degree. Wlien the whole body was plunged
in a hot bath at the temperature of 49° c. (I'iO" F ),

the deviaiit>n of the needle varied from 12° to IS**

and 14" of its scale, wliich indicated a rise in tem-
perature of from one-fifth to two-fiftlisof a degree c.

The pulse was increased to 112 beats per minute,
the body being immersed in this bath. The tenipe*
raiure of the body before immersion was 36°, 7t) c.

(98^ F.), a degree to which it immediately returned
after coming out of the bath. In trying experi-
ments of the same kind subsequently, but with
baths at a somewhat lower temperature, namely,
42°, 5() (109° F. ), no rise of temperature was indi-

cated. The immersion in these cases was not con-
tinued for more than twenty uiintttcs. Had it been
protracteil for a lonucr time, the result might have
Ix-en ditfercnt. When a dog, whose muscles indi-

cated a temperature of 38°, 50 (102° F.), was
plunged into u hot bath at 49° c. (120° F.), the
temperature rose rapidly by half a degree, a degree,
and finally two degrees c. , but the animal had be-
come so much enraged that it was found nece»>sary
to take him out of the water. The needle of the
apparatus being passed into the chest, a like rise in
temperature was indicated ; but the rise in tempe-
rature was found to happen principally when the
animal became angry ; and it is doubtful how fur
the Slate of exasperation influenced the results.

In one experiment the one needle being passed
into the biceps muscle of a young man, the other
into the long radial supinator of a man aged forty-

five, no sensible deviation of the magnetic indicator
ensued. A vein was then opened in one of the
arms, as near as poitsible to the point at which the
needle had been introduced, but no change of tem*
])eraturc took place either during or af'er the flow
of the blood. The common iliac artery of a dog
was now isolated and a ligature thrown loosely
round it, so that it could be compressed or left free
at pleasure, and one of the needles of the apparatus
plunged into the fleshy part of the thigh. The
current of blood having been interrupted, the tem-
perature of the limb iJegan to fall, but not until
after the lapse of an interval of twenty minutes,
when il still amounted to no more than about half a
degree c. The free access of blood having been
restored, the Icmncrature soon rose again to the
normal point. The effect, though trifling in this
case,—and the same experiment was repeated several
times always with the same result, —is still sulh-
cicnt to show that the arterial blood exerts a direct
influence upon the temperature of the animal tis-

sues. The cfrccl, however, it is obvious from the
time which elapses before it becomes apparent, is

to be attributed, not to the blood which is circvdating
in the trunks and branches of the vessels, but to
that which is contained in the vascular rctc,

—

Ed.]
VOL. II.

Tliis fact is demonstrated in the most sati.^

factory manner by the delicate experiments of

Messrs. Becqiierel and Breschet as follows.

When one of the joinings (mmlures) is kept

uniformly at a tempenilure of 36° c. (97° F.).

and the other is inserted into the biceps muscle
with the arm extended, the magnetic needle

was found to deviate about .10 of a degree.

On the arm being bent, however, the amount
of deviation was observed toincrea.se suddenly

to the extent of from one to two degrees.

Waiting till the oscillation of tlie needle and
its return are completed, if the arm be bent

anew so as to give a fresh impulse to the needle

for several times in succession, a deviation of

fifteen degrees is obtained at length, equivalent

to a difference of five degrees in comparison
with the ori^^inal deviation, and corresponding

to an increase of about half a degree of tem-

ferature as measured by the centigrade scale,

f the needle be inserted into the biceps, and
the arm be used in the action of sawing for

about five minutes, the temperature is observ'ed

to rise considerably, sometimes to the amount
of a degree centigrade.

In these researches, then, we have evidence of
facts of which we could not have acquired any
precise information by our ordinary means of
investigation. Every one, indeed, knows that

exercise warms the body ; but every one also

sees that in producing this effect, besides the

contraction of the voluntary muscles, exercise

is accompanied by an acceleration in the mo-
tions of the heart and organs of respiration.

In this simultaneous concurrence of a variety

of phenomena, it was impossible to distin-

guish the share which each liad in the general

result. Such an analysis could only be made
by an experiment of the delicate and ingenious

description of that which has been detailed.

It would appear that it is by the repetition

of the muscular contraction after each relaxa-

tion that the highest evolution of heat is ob-
tained, each contraction producing a slight in-

crease of temperature, which, with the addition

of that which follows, mounts to a certain

limited point which it cannot pass. Let us

remark, however, that the mere persistence of a
primary contraction ought to have the effect of

causing or maintaining a temperature higher

than that which is evolved by a contraction

followed immediately by relaxation ; indeed it

is now kno%vn that a permanent muscular con-
traction is but a series and succession of smaller

and imperceptible contractions, following each

other with extreme rapidity.

It were well to ob.serse here, that neighbour-

ing parts must increase in temperature at the

same time much less in con.sequence of the

direct communication of heat in virtue of con-

titiuity than by the afflux of blood, which,

transmitted to the muscles in larger quantity,

must also be more copiously than usual dis-

tributed to adjacent tissues. The relaxation of
the muscles ought, on the otiier hand, to have
a tendency to reduce the tem|eraturc, and this

by so much the more as the relaxation is more
complete. I'rom all this it follows that tlie

attitude and state of the body will be favoura-

2 X
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bla to cooling in the ratio of the general relax-

ation of the muscles, and of the degree in which
eacli of them in particuUir is in a slate of qui-

escence. This is what happens in sleep, of
whicli we shall speak by-and-bye.

In the rise of temperature observed along

with muscular contraction, we have in the first

Elace only considered the action of the blood ;

ut neither contraction of the muscles nor the

afflux of a larger quantity of blood could take

place without the nervous influence; for it is

the will which determines the muscular contrac-

tion, and the will only acts through the me-
dium of the nerves which are distributed

to the muscles. From this consideration it

follows equally as from general relations pre-

viously exposed, that whatever lessens the

nervous influence will likewise tend to reduce

the temperature. Here we are, then, reverting

to the two general conditions which we had
already found to be the most influential in ca-

lorification, namely, the arterial blood and the

nervous system.

This examination of the relative tempera-

tures of the different parts of the body has led

us, by the immediate comparison of the super-

ficial and deeper layers, to the consideration of

tlie

Influence of external tempcruture.—An in-

ert or inanimate body of hij;her temperature

than the surrounding medium will of neces-

sity cool faster at its surface than in its internal

parts. A living body, likewise, having within

Itself a permanent source of heat, which we
shall suppose equally distributed through it,

will lose more caloric from its surface than from

its interior. This loss will become apparent

by the cooling of the surface, so long as the

source of heat remains everywhere equal. If,

on the contrary, it be vmequally distributed,

if it be greater towards the surface, so

as to compensate the greater loss which

takes place there, the surface will have

the same temperature as the interior. Without
such a supposition it were necessary that the

surface of the body should be lower in tem-

perature tlian the interior. This, indeed, is the

actual state of the case. The external parts of

living bodies are colder than the internal parts,

because on the one hand the focus of heat is

less, by reason of the nature of the component
tissues, and on the other because the loss of

heat there is greater. When the external tem-

perature falls, then the outer layers will tend to

sink in temperature also, and will, in fact, sink

so long as the internal source of heat remains

the same. This partial refrigeration will be

pro))agated internally, and the general tem-

perature will be lessened unless the economy
provides against such an occurrence by an in-

crease of activity in its calorific powers.

The same reasoning is applicable to move-

ments of the temperature of bodies under

the influence of that of the air. Heat will be

propagated from without inwards, and will

raise the general temperature of the body, un-

le s it lessens in the same proportion as it re-

ceives external temperature, that which it pro-

duce* of itself.

The consideration of the changes in the in-

tensity of the internal focus, in other words, in

the faculty of producing heat, and of the con-
ditions which determine these, is the most im-
portant point of all in the study of animal
heat, on account of the multitude of practical

applications which result from it.

It is obvious from what has already been
said that there is an essential diff'erence between
inert or inanimate and animate bodies subjected
to the influence of external temperature. The
temperature of the former depends solely on
the general laws which regulate the propaga-
tion of heat, whilst the temperature of the

others is subjected to the influence of another

element, namely, the heat which they them-
selves produce. Did this element continue
fixed and invariable, it would be possible to

determine, by the application of the known
data of physics, what must be the temperature
of a living body under the influence of a given
external temperature. But if this element
varies, and the laws according to which it

varies are unknosvn, it becomes impossible to

predict in what manner the temperature of an
animal willbe affected by that of the medium in

which it lives. It is only very lately, therefore,

that the temperature of man and warm-blooded
animals, with the exception of those that hy-
bernate, has been believed to continue unaf-

fected in the midst of extensive variations in

the temperature of the surrounding atmosphere.

Varkitions in the temperature of animal
bodies in a stale of healtli, independent li/ of
external temperature.—Duly to appreciate the

inquiries that have been instituted in this direc-

tion, the first question to be asked is, whether
or not the temperature of the body presents

variations, although external conditions continue

the same, or nearly the same ? The answer
here must be in the aflirinative : the body
varies in temperature at different times, exter-

nal circumstances as to temperature continuing

nearly the same. This is apparent in the ob-
servations of Dr. John Davy instituted with

another view, but quite available here. We
perceive that the individual designated No. 1,
having a temperature of 37° 8 (100° F.), when
the air was at 26°, 4 (79° F.), had a tempera-
ture of only 37°, 5 (99°, 75 F.) when the air

was at 26°, 7 (80° F.), that is to say, the same
person showed a third of a degree c. less of
temperature, when the air, instead of becoming
colder, had actually become warmer in the

same proportion. The temperature of No. 3
was 37°, 2 (99° F.), when the air marked 25°,

5 (78° F.), and on another occasion it was only
36°, 9 (98° F.), when the air was 26° (79° F.)

;

in other words, the temperature of the body,
instead of rising, had actually fallen by 0°, 7
cent., when that of the external air had risen

0°, 9 cent.

Influence of the natural temperature of the

air on that of the bodi/.—It must be obvious
from the facts of the last paragraph that the

influence of external temperature cannot be
appreciated without having recourse to means
of observation calculated to make variations

dependent on foreign causes to disappear.
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To render the comparison of the mean sums
obtained more certain, we shall confine our-

selves to the observations of the inquirer just

quoted, made upon the same individuals at

different temperatures. The following series is

after the data supplied by Dr. Davy :

—

Temperature of the air. Mean temperature offie*
men.

15°, 5(60° F) 36°, 85(98° F.)

25°, 5 (78° F.) 37°, 16 (99° F.)

26°, 4 (79° F.) 37°, 32 (99° 5, F.)

26°, 7 (80° F.) 37°, 58 (100° F.)

27°, 8 (82° F.) 37°, 70 (100° 5, F.)

It is apparent that these differences, even the

extremes, do not surpass the limits of the

variations which the same individual exhibits,

or may experience spontaneously under the

same temperature of the air. But when it is con-

sidered that these differences are mean results,

forming a series increasing with the rise of the

external temperature, it is impossible to doubt

of their standing in the relation to one anotlier

of cause and effect. If this de|>endence and
connection actually exists, we must allow that

it is very little obvious at the temperatures

within the limits of which these observations

were made ; for whilst the temperature of the

air varied to the extent of 12°, 3 c , the changes

in the mean temperature of the body did not

exceed 0°, 9. Such slight differences being apt

to leave uncertainty in the mind as to the cause

producing them, we shall confirm the impres-

sion they are nevertheless calculated to make
by citing otlitre, for which we are indebted to

Dr. Ueynaud, surgeon of the corvette La
Chevretle, in a voyage of discovery in the

Asiatic seas undertaken in the year 1827. The
instruments used were furnished by the best

makers of Paris, and were compared by M.
Arago with those of the Observatory ; and the

observations were made conjointly with M.
Blosville, lieutenant of the vessel, charged by
the Academy of Sciences of Paris with various

researches in natural philosophy.

Mean temperature of the'

body deduced from ob-

servations four times re-

peated upon each of eight

men, under the torrid

zone, the external tempe-
rature varying from 26°

to 30° c. (79°, 86° F.).

Mean temperature of the"\

same eight men observed

three times in the tem- I -o , , /„go p >,

perate zone, the external p' ' " \^^ ''

)

temperature varying from I

12° to 1 7° (53° to 62° F.)

J

These results confirm those of Dr. Davy by
so much the more as they were made within

the same limits of external temperature. The
mean rise of the temperature of the body un-
der the inHuence of that of the air is also

equally confirmed ; but the amount is still less

than as given by the English observer.

It seems ini]X)ssible, then, to doubt that the

natural variations in the temperature of tlie air

affect that of the body of man; but this is

only in a very trilling degree, at least within ll(e

>-37°, 58 (100 F.)

limits of temperature in which any extant ob-

servations have been made. It is greatly to be

regretted that neither of the observers quoted

had opportunities of ascertaining the effects of

much lower temperatures than those they have

given. There are, it is true, many isolated ob-

servations made by voyagers in the Arctic

regions, both upon animals and man, and
although conducted in no regular series, or as

]xiints of comi)arison with one another,

they still lead to the same general result,

namely, that great differences in the tempera-

ture of the air cause slight differences in the

temperature of the body of animals. Thus, in

the voyage of Captain Parry it was observed

that the temperature of the Mammalia was very

high. With the external thermometer at— 29°, 4 (— 2 1°, F.), the temperature of the

white hare was + 38°, 3 (101° F.). With the

thermometer at — 32°, 8 (27° F.), the tempe-
rature of a wolf was -J- 40°, 5 (105 F.); the

temperature of the Arctic fox, under nearly the

same circumstances, namely, when the thermo-

meter was standing at — 35° (—31" F.), was
as high as -J- 41° 5 (107° F.). Similar obser-

vations have since been made in tire same high
latitudes upon man.
The variations in the temperature of warm-

blooded animals arcordingtothat of the seasons

has been studied by the present writer, who con-
firms the results just stated. The experiments

of the writer were made upon a great num-
ber of sparrows recently taken at different

seasons of the year, which is preferable to

keeping these creatures in captivity for any
length of time. The mean temperature of
these birds rose progressively from the depth
of winter to the height of summer, within the

limits of from two to three degrees centigrade.

The "observations made on sparrows exhibited

the greatest differences. In the month of Feb-
ruary the mean temjierature of these birds was
found to be 40°, 8 (105° F.) ; in April 42°

(108° F.), in July 43°, 77 (111° F.). The
temperature from this time began to decline,

and followed, in the same ratio in which it had
increased, the sinking temperature of the year.

Jnjiutnce oj media upon temperature.—The
media in which animals live do not act solely

in the ratio of their temperature, but also by
virtue of the intensity of their cooling or heating

power. Thus air and water at the same
degree of heat will have a very different influ-

ence on the temperature of the bodies plunged
in them. Tlie power of air in heating or

cooling is commonly known to be very inferior

to that of water. Bodies acquire or lose tem-
perature much more slowly in air than in water.

A water-bath according to its temperature com-
municates sensations of heat or cold fiir more
rapidly and powerfully than an air-bath.

The writer and M. (lentil made the following

experiment:—A young man seventeen years of

age, of strong constitution and in good health,

after remaining for twenty minutes in a bath

the water of which marked 13° K. (61°, 5 F.),

whilst the air was 14°, U. (63° F.), half an
hour afterwards was found to have lost lialf a
degree of his original heat in the mouth and

2x2
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liands, and a degree and a half in the feet. This

teni|jerature of the air raay he regarded as a

mean, or intermediate between heat and cold,

and may be termed temperate (61° to 62° F.).

It was superior to tliat of tlie water by a degree

R., and yet tlie water of the bath, after immersion

in it for no longer a time than twenty minutes,

bad reduced the temperature of the body
according to its parts from half a degree to a

degree and a half R.

Effects vf exttrnul temperature upon an

isolated part of the body.—Under this head

let us examine, Isl, the extent of the effect, and
and, its influence on other parts. The facts

we shall borrow from the researches just

quoted, those namely of myself and M.
Oentil. The hand, at 29° R. (98° F.) having

been kept immersed in a tub of water cooled

down to + 4° R. (41°F.), in all during twenty

minules, five minutes after it had been taken

out of the water, marked no higher a tempera-

ture than 10° R. (5.0° F.) This experiment

shows how rapid and extensive, and how much
beyond what could have been anticipated, may
be the refrigerating effects of cold water applied

to an extremity. Another not less remarkable

result is the singular slowness with which the

temperature of an extremity is regained,

although exposed to the gentle warmth of the

air. The hand in the above experiment, after

the lapse of twenty-five mmutes from the time

it was removed from the watei', was still no
higher than 16i° R. (69° F.), and after the

expiration of an hour and a half it was only

244°R. (87° F.). The foot, in the same cir-

cumstance^, gave nearly analogous results.

In a number of experiments of the same
nature as the last, where one hand was plunged
in water cooled down by ice, the other hand,

which was not subjected to the actionof the cold

bath, lost nearly 5° R. in temperature.

It is therefore apparent, 1st, that partial

chills, or the exposure of individual ]jarts to

low temperatures, may be and are felt veiy

extensively even when the cold is not very

severe ; 2nd, that the chilling of a single part,

such as the hand or the foot, may cause a loss of

temperature in all the other jiarts of the body,

even far beyond what could have been pre-

sumed as likely or possible. These facts give

a key to the right understanding of the immense
influence which partial chills are capable of

exercising on the state of the general health

Oj the effects ofpartial heating.—The hand

being immersed in water heated to the tem-

perature of 34° R. (109° F.),rose one degree of

the same scale, and the teiniierature of other

remote parts not immediately exposed to the

influence of heat were found to have risen in a

corresponding degree. Whence follows this

axiom,

—

that we cannot cither raise or lower

the temperature of any one part of the body

without all the other parts of the frame being

affected, and suffering a corresponding rise or

Jail in temperature, more or less according

to circumstances. We may further presume

from the comparison of these facts, that the

body and its ])arts are liable to variations of

tcmpcr.ilure towards eithi^r e.vtrcmity of the

scale from the mean, much more considerable

than are generally imagined. This latter fact

will appear very evidently from the other

inquiries which are now to engage our atten-

tion.

Effects of an excessively high or excessively

low external temperature upon the temperature

of the body.—Hitherto we have only considered

the changes in the temperature of the body pro-

duced by moderate degrees of external heat and
cold. We now pass on to the examination of

the effects caused by extreme external tempera-

tures, and first of those that follow from

excessive heat ; designating by excessive heat

any temperature that surpasses that of the

human body. On a summer's day, the

temperature of the air being 37°, 77 c.

(100° F.), Franklin observed that the tempera-

ture of his own body was nearly 35°, 55 c.

(96° F.). This fact, "which is perhaps the first

of the kind noted, is highly deserving of atten-

tion. It proves that man, and by analogy

other animals, have a power of keeping their tem-

perature inferior to that of the air. As in the ob-

servation quoted there is no means of knowing
what eflfect the excessive external temperature

had produced upon the temperature of the

observer, recourse must be had to other facts.

In numerous experiments made in England by

Dr. Fordyce and his friends, and subsequently

by Dr. Dobson, in which these experimenters

exposed themselves to very high temperatures,

which on some occasions exceeded that of

boiling water, the heat of the body was never

observed to rise more than one, two, three, or

four degrees of Fahrenheit's scale at the utmost.

As in these experiments the object especially

proposed was to determine the degree of

external temperature which the body could

bear, all the attention which would have been

desirable was not given to determine the tem-

perature of the body before, during, and
after the experiments. This is an omission

which is common to the experiments of For-

dyce and Dobson. The highest temperature of

the body noted by Dr. Dobson is 102° F., but
he does not mention the heat before the experi-

ment, nor does he notice the rate of cooling

subsequent to its termination. The highest

temperatures of the human body exposed to

excessive heats ever observed, were remarked
by Messrs. Delaroche and Berger in their own
persons. The temperature of M. Delaroche

being 56° 56 c. (98° F.) increased 5° of the

centigrade scale, by remaining exposed in a

chamber the temperature of which was 80° c.

(176° F.). M. berger, whose temperature was

the same as that of M. Delaroche, gained

4°c. by remaining for sixteen minutes in the

hot chamber at 87° c. (188°, 5 F.). These

experiments are liable to this objection,—that

the temperature was tiken in the mouth in an

atmosphere of much higher temperature, which

might have some influence in raising the ther-

mometer. To arrive at conclusions against

which no kind of objection could be raised,

Messrs. Delaroche and Berger exposed them-

selves in succession in a box, out of which they

could pass their head ; the hot air or vapour of
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the interior being prevented from escaping by
means of a circular pad of soft napkins placed

between tlie edge of the outlet and the neck.

ITie leniperature of the mouth, in tliis way, if it

was increased, must be increased in consequence
of a rise of temperature in the parts of the body
included in the bath. After a stay of seventeen

minutes in the bath, heated from 37°, 5 to

48°, 75 c. (99° to 120° F.), the temperature of

M. Delaroche's mouth rose 3°, 12 c. Under
similar circumstances, the temperature of the

bath being from 40° to 41°, 25 c. (104° to

106° F.), the temperature of M. Berger's mouth
increased 1°, 7 c. in the course of fifteen

minutes.

It is pretty obvious that experiments upon
the human subject cannot be pushed far enough
to ascertain the highest amount of temperature
that can be acquired under the influence of
exposure to air of excessively high tempera-
ture. To judge of this analogically, recourse

must be had to warm-blooded animals of the

two classes, Mammalia and birds. Messrs.
Delaroche and Berger consequently exposed
different species of Mammalia and Birds to dry
hot air of different tempratures, from 50° to

93°, 75 c. (122° to 201° i".), leaving them im-
mersed till they died. The whole of the ani-

mals that were made subjects of experiment,

in spite of diversity of class and species, and
of the varieties of temperature to which they

were exposed, had gained an increase of tem-
perature nearly equal at the moment of their

death. The limits of the variations being be-

tween the terms 6°, 25 and 7°, 18 c., the amount
of dift'erence did not exceed 0°, 93 c. which is a
very triflmgquantity. It maytherefore be inferred

that man and the warm-blooded animals cannot,

under tlie influence of exposure to dry air of
excessively high temperature, have the heat of
their body raised during life to a greater extent

than from 7° to 8° c. The temperature of the

body being increased to this extent becomes
fatal. It is in fact only attained at the moment
of dissolution

;
perhaps death has virtually

taken place before it is attained.

We have seen that Franklin observed the

temperature of his body to be lower than that

of the air on a very hot day. Such a circum-
stance is rare in what may be called natural con-
ditions as regards man and the warm-blooded
animals ; inasmuch as it rarely happens that

the temperature of the air surpa.sses that of
their bodies generally. The case is different,

however, as regards the cold-blooded tribes.

It is not at all necessary that the temperature
of the air be very high to afford opportunities

of observing the phenomenon in question
among ci-ld-blooded animals. This was ob-
served for the iirst time by Sir Charles Blagden
in a frog, which on a summer's day, when the
heat was by no means excessive, he observed to

be lower in temiierature than the sun"ounding
air. A fact of this kind could not remain
isolated and unconnected with others. Accord-
ingly we observe among the exijeriments of
Dr. Davy such facts as the following :—Tlie

temperature of the atmosphere being 32° c.

(90° F.), that of a tortoise was only 29°, 4

(85° F.). The air marking 26°, 7 (80" P.),

a frog indicated 25° (77° F.). The air being at

28°, 3 (83° F.), the blalta orientalis was at

2.3°, 9 (75° F.). The air at 26°, 19 c,
(79°, 5 F.), a scorpion was at 25°, 3 (78° F.).

It is therefore apparent that the phenomenon is

general among animals with cold blood ; that

during the highest heals of summer, the tem-
perature still falling short of excessive, the heat

of their bodies is below that of the air. Tliere

is thus a limit of summer temperature which
separates two orders of phenomena relative

to the temperature of cola-blooded animals.

Starting from a mean temperature of the air,

that of cold-blooded animals, the vertebrate

as well as the invertebrate tribes, is sujierior to

this mean, only varying in this respect within

the narrow limits of from a few fractional parts

of a degree to about four degrees centigrade,

until the air attains the summer heat. Towards
this limit the differences decrease, and the

term 25° or 26° c. (77° to 79° F.)attained, they
become nil. The inverse phenomenon is also

observed : the temperature of the greater num-
ber is inferior to that of the air, and the dif-

ferences go on increasing with the rise in

temperature of the external air.

Ihese phenomena are of great interest in

themselves, but of still greater from the light

they cast on questions of a similar kind relative

to man and the warm-blooded triljes of crea-

tion. The slight evolution of heat by the cold-

blooded animals rendering their condition more
simple, allows us to appreciate distinctly the

influence of external causes.

We now proceed to treat of a third condition

influencing temperature, namely.
Evaporation.—The fluids so far surpass the

solids in the bodies of animals that they cer-

tainly constitute the larger portion of their

masses ; and, further, the exterior surface of
animal bodies generally is extremely porous.

Animals are consequently subjected to the
ordinary physical laws of evaporation. It is

very long since, in addition to the sweat or
visible perspiration, the existence of an invisible

perspiration has been recognized. The latter is

owing in great part to the effects of evaporation.

Now evaporation cannot take place without the

occurrence of cooling or loss of temperature
in the ratio of the quantity of vapour formed.
Without keeping this cause of refrigeration in

view, we should fall into serious mistakes in

estimating the heat of animals. If, for ex-

ample, we would compare the heat of two
animals, which, unwittingly to the observer,

should be under different conditions of eva-

poration, we should deceive ourselves greatly

m regiird to their respective temperatures.

It is even so with reference to another fact

bearing upon temperature, which is often forced

on the attention, and which has almost always
led inquirers into error. There are many ani-

mals among the inferior classes of the Inverte-

brata, which tried by the thermometer exhibit

no difference in temperature from that of the

surrounding air. These creatures do not, con-
sequently, apjiear to have any faculty of pro-

ducing heat. But in the mere ract of their main-
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tuining tlie temperature of the air about thera,

an inherent capacity to produce lieat is apparent.
Bill they evolve no caloric, they would fall

below the temperature of the air, in conse-
quence of the evaporation which goes ou from
the surface of their bodies. They must of
necessity produce as much as is necessary to

repair the loss which takes place from this

cau.«e.

What we have said of animals is equally
applicable to vegetables. To explain the pro-
gression of the temperature of cold-blooded
animals, which we have exposed above, regard
must be had to the relation which connects the

quantity of vapour formed with the degree of
external temperature. Within moderate limits,

which may be styled temperate, the vapour
formed will be nearly as the degrees of tem-
perature of the air. But under higher tempera-
tures, evaporation will go on in a greater ratio

than that of the external temperature. Thus
when the air is cool or moderately warm, eva-
poration is trifling, and among the superior
classes of cold-blooded animals heat enough is

produced to maintain their temperature above
that of the air. But when the air becomes
warmer, as in the height of summer, evapora-
tion and the cold which results from it increase
in a far greater ratio than the temperature of
the body, so that the body remains at a tem-
perature inferior to that of the air, and this

by so much the more as the external tempera-
ture rises higher. Twenty-five degrees is the
limit at which this change commences in regard
to cold-blooded animals. But it is obvious
that a higher degree must be necessary to ob-
serve such phenomena in man and the warm-
blooded tribes, inasmuch as the heat from
without is for a long time added to that pro-
duced internally, and which among the warm-
blooded tribes is so much greater in amount
than it is among the cold-blooded.

Relations of the bulk of the body with
animal heal.—If the temperature of the larger

animals be compared with that of the smaller,

it will be found that the former do not mark
so high a degree as the latter. In the elephant
and horse, for instance, no higher a temperature
than 37°, 5 c. (100° F.) has been observed,
whilst in the rat and squirrel temperatures of
38°, 8, and of 39°, 4 (102° and 103° F.) have
been noted. To prove that the difference is

less owing to the order or species than to the
simple size, we shall contrast several animals
belonging to the same order, selecting the

ruminants. The temperature of the air being
the same, namely, 26° c. (79° F.), the tem-
perature of the ox was found to be 38°, 9
(102° F.), whilst that of a castrated he-goat
was 39° 5 (103° F.), and that of the she-goat

and sheep 40° (104° F.).*

It is evident that smallness of size must in

itself be one of the conditions unfavourable to

height of temperatiue among animals, when
this is merely viewed in relation with the am-
bient medium. As the external temperature is

almost always lower than that of the bodies of

* Vids Obscrv, of Dr. Davy.

animals, the ambient medium tends to lower

their temperature ; and small bodies having a

more extensive surfece in reference to their mass

than large bodies, small animals must have a

greater tendency to lose heat than larger animals.

But, on the other hand, the circulation and

respiratory motions generally increase in rapidity

in proportion to the smallness of size ; and we
have seen that acceleration of these motions

had an influence in keeping up the temperature.

With a small size of the body, consequently,

we find associated a higher activity of function

which tends to compensate the disadvantage

resulting from inferior size in reference to tem-

perature. In fact it constantly happens that

this higher activity more than compensates the

cooling disposition from inferiority of size, and

causes the balance to incline towards the side of

higher temperature. It must be apparent,

however, that there is no occasion for such a

preponderance always existing in the case of

small animals. And then we know that the

motions of circulation and of respiration cannot

be greatly accelerated without causing incon-

venience and even danger to health and life.

It follows that the external temperature being

liable to fall disproportionately low, small ani-

mals have not, under like disadvantageous cir-

cumstances, the same power as larger animals

of supporting their temperature. The relations

of size naturally lead us to consider those that

depend on age.

Relations of age with animal heat.—The
size of the body changes with the age. The
same relations between bulk of body and de-

velopment of heat ought therefore to be ex-

hibited in youth as compared with adult age.

In early life the greater rapidity of the motions

of circulation and respiration, all things else

being equal, ought to increase the heat. At
the same time the constitution difltrs in other

respects, and if these were unfavourable to the

evolution of heat, it would be impossible to

foresee the result of these two opposite ten-

dencies. Nevertheless it is probable, from

what we have seen to happen in warm-blooded

animals of difi'erent sizes, that there might

occur a period in early life when the heat would
be higher than in adult age. A confirmation

of this inference may be found in comparing the

different observations of Dr. Davy, who has

given a table of the temperatures of fifteen chil-

dren from four to fourteen years, the mean age

of the whole being nine years and nine months.

The mean temperature of the bodies of these

children was 38°, 31 (101° F.). But the mean
temperature of twenty-one adults was no higher

than 37°, 82 (100° F.); a difference that seems
the more worthy of being confided in from the

temperature of the air having, at the time of

the observations, been more favourable for the

adults than for the children, this having, in re-

ference to the former, been 26° and 26°, 7

(79° and 80° F.), whilst when the latter were

made the subjects of investigation, it was but
24° and 26° (75°, 5 and 79° F.).

It seems impossible, therefore, to doubt from

what precedes, that size is not an element

which has much influence in the particular
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direction we are considerinff. We have Been
that with a decrease in the size of adult Mam-
malia the circulatory and respiratory motions
were prouressively accelerated, and that by this

means the disadvantages as regards cooling in

consequence of a smaller relative size of the

body, are in some measure compensated, some-
times, indeed, we have seen the balance in-

clined the other way, and the greater rapidity

of the motions more than compensate for the

diminished size of the body. Great rapidity

of the respiratory and circulatory motions may
co-exist with other organic conditions having
an opposite tendency as rei^ards temperature

;

and, according to the relations of these, and
as the one or the other predominates, we may
have two different states of temperature in

early life. This proposition is even made ap-
parent when we compare tlie constitution in

early youth and in adult age. In early life the

celerity of the motions has led to the belief

that all the functions of nutrition were pecu-
liarly active. But strength or energy is not
always an accompaniment of simple celerity

;

on the contrary rapidity is generally indicative

of absence of power. It is quite true that in

early life not only are circulation and respira-

tion, but digestion, assimilation, and growth
likewise, much more rapid than in the adult
state. But does it follow from this that the
materials of the blood are elaborated in the
same degree of perfection, or that the products
of the action and contact of this fluid, the
various tissues, &c. of the body, are all as com-
pletely formed ? Kverything conduces to make
us believe that the reverse is the case. If on
the one hand rapidity of movement be a cha-
racter of early life, weakness is a feature still

more manifest. If the nervous system there-
fore, although acting rapidly, is less energetic,

in the same proportion there may be an age at
which the influence of this weakness on the
production of heat may be manifest. And, as
the weakness is greater as the being is younger,
it is in the very earliest periods of independent
existence that this relation must be inves-
tigated. Now such a relationship does actually
exist, although an opinion to the contrary had
always been entertamed until direct experi-
ments settled the question definitively. These
experiments were performed by the writer, and
a summary of tliem is here given. If the
tem|)erature of new-bom puppies lying beside
their mother be taken, it will be found from
one to three degrees inferior to that of the
parent. The same thing obtains in regard to
the young of the rat, the rabbit, the guinea-pig,
&.C. and is probably universal among the Mam-
malia. Among Birds the same circumstance

f
resents itself in a still more marked degree,
f they be taken out of the nest in the first

week or even fortnight of their existence, the
diflference of temperature extends to from 2°

to 5° c. between the young and the parents.
The fact has been ascertained in regard to the
s])arrow, the swallow, the martin, the sparrow-
hawk, the magpie, the thrush, the sUirling,

&c. S:c., and is probably, as among Mammalia,
universal. Whence wc may conclude that the

phenomenon is general a« regards trartiv-bkxMled

animals. We might have taken it for granted

that man was comprised within the category,

but it is just a-s well to have the assurance that

he forms no exception to the law, that he has

no peculiar privilege in this respect. To have

a precise term of comparison, the temperature

of twenty adults was tiiken at the same time,

the thermometer being applied in the axilla.

The temperature of these twenty persons varied

between 35°, 5 and 37° c. (96° and 99° F.)

;

the mean term was therefore 36°, 12 (97° F.).

The temperature of ten infants varying from a
few hours to two days in age, ascertained in

the same manner, varied between 34° and 35° 5
c. (93°, 5 and 96° F.). Tlie mean was there-

fore 34°, 75 c. (about 94°, 5 F.). Tliere was
consequently a diflerence of nearly two degrees

between the temperature of the adult and of
the newly born babes. Man is therefore proved
to be subjected to the same law here as ani-

mals having warm blood in general, the joung
of which, so far as they have been examined,
and we may presume universally, are inferior

in temperature to their parents.

There are, therefore, two periods in youth at

which the bodily temperature difl'ers from that

of the adult age. These may be distinguished

as the first and second periods of infancy or

youth. The first extends from birth to an in-

definite period, but which is nearer or more
remote from the period of birth in diflerent

cases. The second is included between the

fourth and tlie fourteenth year ; the limits can-
not be more accurately determined. In the

first the temperature is lower than in adult age,

in the second it is higher. Tlie diflerences of
temperature in the first age of infancy, and the

adult age, although very sensible and impor-
tant as regards the economy, are indices of a
diflference incomparably greater than their

numerical indication might be taken to imply.
In fact, if the manner of observing be altered,

results of so extraordinary a character are come
to as to surpass all expectation. To deve-
lope these the temperature of the newly born
being must not be taken only when it is in

contact with its mother. If, after having as-
certained the temperature of a puppy in tliis

position, it be removed from the mother and
keiit isolated, the temperature will be found to
fall rapidly; and this phenomenon takes place
not only when the air is cold, but when it is

mild. The phenomenon does not commence
after a term ; it is apparent from the moment
the separation takes place, and is very sensi-

ble after the lapse of a few minutes. The fol-

lowing is the rate of cooling of a puppy twenty-
four hours old, the external temperature being
13° c. (about 55°, 5 F.), token at intervals of
ten minutes ; the series of course represents
the successive losses of temperature in the
cour.se of the small intervals of time indicated

:

—temperature in commencing the observations
36°, 87 c. ; the declensions in tem[ieratui-e at
intervals of ten minutes successively, 0°, 63,
1°, 12, 1°,38, 1°,25, 1°,29, 0°,87, 1°,63,
0°, 25, 1°, 0; in thirty-five minutes the tem-
perature declined fart ir 1°, 25; in thirty-flve
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minutes more it fell 3°, 12; in thirty minutes
more 2°, 50; in twenty-five minutes more
1°,25; in thirty minutes morel°,25; so tliat

in the course of four hours in all the tempe-
rature declined by the amount of 18°, 12 of
the centigrade scale (about :i3° 1".) ! Not only

had the temperature of the animal sunk by so

large a quantity in so short a |)eriod of time,

tlie external temperature being pleasant, but it

actually could maintain its temperature at no
higher a grade than 6°, 75 c. (44°, 5, F.) above
that of the atmosphere. Experiments of the same
kind performed on three other puppies of the

same litter presented results in all respects

analogous. The cooling may even go much
further by protracting the period during which
the young animals are kept apart from their

parent. For instance, four puppies, twenty-
four hours old and of much smaller size than

the subjects of the former experiments, after

having sunk 16° c. in four hours and thirty

minutes, lost six degrees more of temperature
in the succeeding eight hours and thirty mi-
nutes, the air remaining all the while at 13° c.

(55°, 5 F.). They consequently lost twenty-
two degrees centigrade in thirteen hours; and,

what is very remarkable, their final temperature
was but one degree above that of the surround-
ing air. Kittens and rabbits of the same age
exhibited similar phenomena, if possible in a
more stiiking degree. Some kittens were ob-
served to cool twenty degrees centigrade within

the short interval of three hours and a half,

and some young rabbits suffered the same de-
pression of temperature in two hours and ten

minutes, the air being at the time at 14° c.

(57°, 5 F.). These phenomena are unques-
tionably among the most remarkable we wit-

ness in warm-blooded animals. For here we
have .species of different genera of the Canii-
Tora and Rodentia, which at two periods of

their existence present the extremes in the pro-

duction of heat. Tliey may be said to be,

to all intents and purposes, cold-blooded ani-

mals, with reference to temperature, during
the earliest period of life; they are only truly

warm blooded animals in a later stage of their

existence. The same phenomena undoubtedly
present themselves in many other species ; but

it would not be reasonable to suppose that they

were exhibited by all.

The phenomena being connected with the

state of constitution, it may be expected to

vary in different genera and families; and this,

in fact, is what actually happens. A young
guinea-pig, for instance, having a temperature

of 38° c. (101°, 5 F.), will maintain this tem-
perature when the atmosphere is mild, although

separated from its mother. It is the same with

the goat. These instances are enough to give

us a key to the external characters in relation

with the difi'erent capacities to produce heat

inherent in the young Mammalia. In the first

place we observe a manifest relation with the

state of ener).y of the nervous system : on the

one hand we liave the puppy, the kitten, the

rabbit, whicli are born extremely weak ; on the

other we have those animals that come into the

world in a condition to walk, to eat, and, as it

were, furnished forth to a certain extent with

the means of providing for their wants. The
question, however, is to discover some zoolo-

gical character in relation with these difl'er-

ences. If this were to be derived from the

slate of the organs of locomotion, of the faculty

of walking, we should sometimes be led into

error; for man, at the period of his birth and
long afterwards, is not in a condition to hold

himself erect, and yet his temperature is main-
tained to within one or two degrees of that of

his mother, if the external temperature be but

mild. There is, however, one character that

appears general ; this is the state of the eyes.

Those species of Mammalia which in the earlier

period of their existence do not maintain their

temperature, that of the external atmosphere

being mild or warm, but cool down to the

standard of the cold-blooded animals, are born

with their eyes closed; whilst those which main-
tain their temperature, that of the erlernul

atmosphere being mild, are born with their eyes

open; and this, whether they can walk about

like the guinea-pig, the kid, &c., or cannot do
so, as is the case with the human infant in par-

ticular.

This general view of the state of energy of the

nervous system in relation with the production

of heat in early life, comes in aid, in a very

remarkable manner, of the general principles

which have been already deduced in regard to

the calorific power. In going more deeply

into the subject, the confirmation becomes more
manifest and more com])lete. The state of the

eyes affords a mere external and zoological in-

dication. It is but an indication of other deep
modifications of the economy, which it is

essential to determine more closely. Now in

examining the state of the organs generally of

puppies at the period of their birth, we observe

a remarkable disposition of the sanguiferous

system. The ductus arteriosus continues per-

vious and of large size. The consequence of
this structure is that a free communication is

established between the arterial and venous
blood, by which they are mingled in large pro-

portion one with another. And here we have
precisely the physiological cljaractcr derived

from the nature or quality of the blood which
distinguishes the cold-blooded from the warm-
blooded Vertebiata (in the adult age under-

stood). This character is exactly the same in

the other species of Mammalia which we have
mentioned as losing temperature and attaining

the standard of the cold-blooded tribes. On
the other hand, in the guinea-pig, to take an
individual instance, wliich from the first day of

its extra-uterine existence maintains its tempera-
ture nearly on a level with that of its parent

when the air is temperate, the ductus arteriosus

is closed immediately after birth. The arterial

remaining distinct from tho venous blood, this

creature is therefore born with the organization

characteristic of warm-blooded animals, and
presents phenomena having reference to calori-

fication of the same kind as adult warm-blooded
animals.

This relation is preserved in the young
Mammalia in every modification in a pecu-
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liarly interesting manner. The young Mam-
malia which are born with the eyes closed, at

first present the phenomena of refrigeration

nearly in the same degree during tlic two or

three lirst days of their life; though they after-

wards exhibit differences of great extent in this

respect. Thus a young rabbit two days old had
cooled down to 14° from 23° e. (to 58° fi-om

74° F.) in the course ofthree hours fifty minutes,

tlieair being at the time temperate; another three

days old look seven hours twenty-five minutes
to cool through a mnge of 18° c, when the

process of refrigeration ceased. A third, of the

age of five days only, lost .5° c. in temperature

in the course of one hour fifty-five minutes,

and maintained itself afterwards at this tem-
perature. During the followmg days, smaller

and smaller depressions of temperature were
observed, till the eleventh day after birth, when
the power of sustaining the temperature a little

below that of the adult female parent seemed to

be acquired permanently. When the modifi-

cations of internal structure are examined
during this interval of time, we find that the

ductus arteriosus has been contracting in the

same proportion as the faculty of maintaining

the tem[)erdture has been increasing, and that it

is entirely closed at the epoch when the tem-
perature becomes stationary, the external tem-
perature being understoo<l all the while as

mild or pleasant. At the same period pre-

cisely too, the eyes are unsealed, a circum-

stance which confirms the exactness of the

character derived from the stale of this latter

organ, as distinctive of the young of tho.se

Mammalia which are born as it were cold-

blooded animals, from those that come into the

world with the distinguishing attribute of warm-
blooded animals.

Among the young of Birds we observe as

marked differences in the calorific function as

we have just acknowledged among Mammalia.
Some lose heat rapidly when separated from the

mother; others maintain their temperature to

within a little of that of their species. Spar-
rows, for instance, which have been hatched but
a short while, present a temperature from 4° to
5° c. lower than that of their parents when still

contained in the nest, where ihey contribute to

each other's waniiih. Hut taken out of the

nest and isolated, although the temperature be
that of summer Ihey begin to cool with extreme
rapidity. A young sparrow a few days old
lost as many as 12° c. in the short space of one
hour seven minutes, the air at the time marking
22° c. (72° F.). The same thing happens
with swallows, sparrow-hawks, &c. But the

law is not universal ; it does not hold in re-

ference to all the genera. There are several

that have the power of sustaining their tempera-
ture in spring and summer at a degree but
little below that of their parents. Birds, there-

fore, form two groups as regards the production
of temperature, just as the Mammalia do. The
first cool down to the standard of cold-blooded
animals; the second preserve their warmth,
when the air is mild or agreeable as it is in the

spring and summer. But the zoological

characters that distinguish them are not the

same as among mammiferous animals. Alt

birds are hatched or born with their eyes open.

But there are other characters which coincide

with the difference of temperature; and this

consists in the absence or presence of feathers.

The covering of those that are batched so pro-

vided, consists in a kind of down, very close

and very warm, so that we might imagine
the differences obsen'ed in the liability to lose

heat or in the capacity to engender it, belonged
to the coal. This has undoubtedly some
influence, but analogy even will not suffer

us to ascril)e the chief effect to this cause. In
the Mammalia which are born with their eyes
closed, the refrigeration takes place to the same
extent whether they are bom with a fur-coat,

as the kitten, the puppy. Sec, or come into

the world naked like the rabbit ; the cooUng is

only more mpid in the latter than in the former.
W hat further proves, and directly proves, that
the refi'igeration is not entirely due to the dif-

ference in the external condition as regards
covering, although this of course must go for

something, is that when the want of natural

covering is artificially supplied, the cooling does
not go on the less certainly on this account,
and to the same ultimate extent ; it only takes
place somewhat more slowly. The counter-
proof is attended with the same result. An
adult sparrow which has had all its feathers

clipped off" does not at first suffer loss of tem-
perature to the extent of more than a degree,
and by-and-by recovers even this; whilst a
young bird of the same species, though fur-

nished with some feathers, cools rapidly and to

a great extent, as we have already seen. Birds
are therefore divided into two groups as regards
the production of heat. The one comprises
those that are hatched with the skin nuked, and
which cool in a temperate air in the same
manner as cold-blooded animals ; the other
embraces those that are produced with a
downi/ covering, and maintain their temperature
at a considerable elevation in the ordinary heal

of spring and summer.
There is not a less remarkable contrast

between these two groups of birds in point
of calorific power, than between the two
groups of Mammalia already mentioned ; but
the zoological or external charactei-s which dis-

tinguish them in the present instance are not of
the same kind. Tlie state of the eyes does not
apply here, for all Birds are disclosed with their

eyes unsealed. They also all come into the
world with the ductus arteriosus closed or nearly
so,—a circumstance which might have been
jiredicated, or inferred from analogy. Yet the
young of Birds in the power of producing heat

present diversities no less remarkable than are

observed among the young of the Mammalia.
The separation of the two kinds of blood con-
sequently is not the only condition which
influences the production of heat ; but all that

modifies the blood on the one hand, and the

nervous system on the other, as we have had
occasion to observe in a previous part of this

paper. Now it happens that we have an op-
portunity of applying this principle in a very
particular manner in the instance of the two
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groups of Birds that engage us, and that

differ so essentially in their powers of engender-
ing caloric. In llie one and in the other we
observe the same difference in the state of the

general strength which we have observed in the

corresponding groups of the Mammalia. In
the one which cools rapidly, there is the same
state of weakness, of general impotency ; in the

other the young are in a condition to walk, and
in a certain sense to shift for themselves as soon
as they have escaped from the shell.

We perceive then in the first place, that the

nervous system is much less energetic in the

former than in the latter group ; and in the

second place, that the digestive powers are in an
equal degree inferior in strength ; for they are

not only unable to take food of themselves from
muscular incapacity, but also from the lack of

the requisite instinct, and, farther, from their

digestive organs not being in a condition to

elaborate food to any extent. It is on this last

account that the parents supply their young
with food which has suffered maceration in

their own crops, or has even in their stomachs
undergone a kind of incipient or partial solu-

tion ; or otherwise the parents have the instinct

to select such articles as are easiest of digestion,

and best fitted for the weakly state of the

digestive organs of their progeny. We have
already observed that a defect in the powers of

digestion implies a corresponding imperfection

in the blood. Whence we must conclude by
analogy that the blood in the birds of the first

group IS inferior in quality to that of the birds

of the second group. VVe consequently still

find the two general conditions which regulate

the production of heat throughout the animal
kingdom—the state of the blood, the state of

the nervous system.

The same principles are applicable to the

first period in the existence of all animals,

without distinction of groups, as compared with

adults. On the one hand we have ascertained

that all without exception have a temperature

lower than that of their parents ; on the other,

nothing can be more manifest than their inferi-

ority with reference to the energy of the nervous

system. And more attentive and extensive ex-

amination shows that this extends in like man-
ner to the digestive functions, and consequently

to those of nutrition generally.

Let us first turn our eyes to the Mammalia.
All of these are evidently inferior in this respect

to the adult. This is proclaimed in the distin-

guishing character of the class : the females are

provided with glands for the purpose of prepa-

ring a food appropriate to the state of weakness

of their young. The state of the mouth of the

young IS a sufficient index of the defective

power of the digestive organs ; the jaws are

either wholly or partially without teelh. The
softness, delicacy, paleness of colour, and insi-

pidity of the tissues of young Mammalia, com-
plete the evidence of the imperfect elaboration

of the nutrient juices. If, therefore, the first

and last products of the nutritive functions are

in an inferior condition, can we suppose that

the intermediate product, the blood, will not

participate in this inferiority ? We have already

shown in what this consists among the Birds of

the first group. With regard to the second, the

general considerations relative to the difference

of the tissues is equally applicable to them, and
these considerations possess a high value.

When very young warm-blooded animals, with-

out any exception, are compared in this respect

to the cold-blooded Vertebrata, we perceive a
great analogy in their component tissues, which
are softer and less savoury than among the

adults of warm-blooded animals. It is thus

that we can account for a striking anomaly in

the nervous system of young warm-blooded
animals, especially Mammalia. Their nervous

system, particularly the encephalon, bears a
higher proportionate ratio to the whole body
than it does in the adult; but the softness and
the other characters of the tissue of this organ

in early life cause it to approximate in a re-

markable manner in appearance and character

to the same tissue in the cold-blooded Verte-

brata. If, therefore, the relative volume predo-

minate in early life, one of the conditions

favourable to calorification, the inferiority in

respect of tissue counterbalances this advan-
tage, and is only compatible with very inferior

manifestations of energy.

It is obvious then that there is a universally

pervading analogy between warm-blooded ani-

mals in the first stages of their existence and
adult cold-blooded Vertebrata, and that the pa-

rallel holds good, not merely with reference to

their inferior power of producing heat, but also

with regaid to the functions of nutrition gene-

rally and the functions of the nervous system.

There is one point upon which it is highly ne-

cessary to insist, inasmuch as it is of the greatest

importance, both theoretically and practically

;

it is this : that the analogy in the direction in-

dicated is by so much the more remarkable as

the warm-blooded animal is born with charac-

ters which distinguish it more strikingly from

those it possesses when arrived at maturity. If

it is born with the eyes closed, or without fur

or feathers, instead of with the eyes open and
the body covered with a fur coat or a thick

down, it is because the creature comes into the

world less perfectly developed in every respect,

and the whole economy is more closely allied

to that of inferior orders. This, in other words,

is as much as to say that the creature is born
at a period relatively precocious, or in a more
imperfect condition. Whence it may be in-

ferred that those warm-blooded animals which
are born at a period short of the ordinary term
of utero-gestation among the more jierfect spe-

cies, will present a more marked analogy with

the cold-blooded tribes. Man himself will

form no exception to this rule, which must be
quite general. The verification of this law has

been completed bythephysiological experiments

of the writer. A child born at the seventh

month, perfectly healthy, and which had come
into the world with so httle difficulty that the

accoucheur could not be fetched in time to re-

ceive it, had been well clothed near a good fire

when the temperature wiis taken at the axilla.

This was found no higher than 32° c. (under
90° F.). Now we have seen that the mean of
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the temperature of ten children bom at the full

time was 34°,75 c. (94°,5 F.) ; the tempera-

ture in no case descending lower than 34°

(94° F.), and ranging between this and 3.')°,5 c.

(96° F.). Let it be observed that at the

seventh month the membrana piipiUaris no
longer exists ; the infant has, therefore, at this

epoch of Its development, the essential charac-

ters of warm-blooded animals capable of sup-

porting a high temperature when that of the

surrounding atmosphere is mild. But if it

were entering the world some considerable time

before the disappearance of the pupillary mem-
brane, it would be in a condition analogous to

the Mammalia which are born with their eyes

shut ; it would no longer be in a condition to

maintain an elevated temperature, and without

doubt would lose heat precisely as they do
without precautions to the contrary.

When we take a general view of the first and

second periods in the early life of warm-blooded
animals, we find that they are under the influence

of two general conditions relative to calorifica-

tion ; conditions which, acting inversely, tend

to compensate each other mutually ; on the

one hand, the celerity of the motions ; on the

other, the imperfection of the nutrient and ner-

vous functions. The celerity of the motions of

circulation and respiration diminishes, whilst

the development of the nutritive and nervous

functions increases with age. These two con-

ditions influencing the production of heat are,

therefore, in an inverse ratio to one another.

And according to the nature of these relations

will the temperature vary. Were the opposite

effects equal, there would be exact compensa-
tion in the whole phases of the evolution, from

the moment of birth to that of perfect adole-

scence, and the temperature of the body would
be the same at every period of life. But the

progression in the celerity of the movements on
the one hand and of corporeal development on
the other, is unequal ; and there is but a single

eix)ch in the whole course of childhood when
such an equality or balance exists, and at

which consequently the temperature of the

child is the same as that of the adult. Previous

to this epoch, the nutritive and nervous func-

tions are so imperfectly developed, that their

influence, inimical to the production of heat,

surpasses the favourable tendency to this end,

which we have in the celerity of the motions of

circulation and respiration. It follows that the

temperature of the body is inferior at the pre-

ceding limit or to that of the adult state; with

the progress of time, however, the child attains

this limit, and then we have a new relation

estjiblished. The evolution of the nutritive and
nervous functions continues, and although it

have not yet attained its ultimate term, the de-
fect of heat which results from this is all but
compensated by the celerity of the motions,
which is still sufiiciently great, to surpass in a
marked degree the celerity of the motions in

the adult. The temperature at this period will,

therctbre, be above that of the adult. This pe-
riod lasts for several years in childhood or

youth ; but then comes a gradual retardation

in the motions both of respiration and circula-

tion, and with this a reduction of tlie tempera-

lure to the sumdard of the adult.

There are consequently four sta'es of the

temperature from birth up to adolescence inclu-

sive. In the first period the temperature is at

the minimum ; in the second, it attains the

adult degree ; this might be entitled the period

of the mean temperature ; in the third, the

temperature exceeds that of the adult; finally,

in the fourth, it sinks to the mean, that is,

the temjjerature of the adult.

There are, therefore, cunstitutiom in the same
class of animals which are more or less favour-

able to the production of heat; for it is so

among individuals tliat differ in age in the

limits between the moment of birth and
that at which adolescence is completed ; and

this leads us to new considerations.

DIFFERENCES OP CONSTITUTION IN RELATION
WITH THE PRODUCTION OF BEAT AMONO
ANIMALS.
Since the body and the functions are pro-

gressively developed, and without interruption

between the two grand periods named, there is

in tlie course of this long interval as much dif-

ference in the state of the constitution as ihete

ate sensible degrees of development ; a circum-

stance that implies a long series of varieties.

But these intimate differences are not mani-

fested externally by corresponding states of

temperature of body. For we have seen that

this undergoes but four sensible variations in

this respect, and that,of these four modifications,

two were of like import. It is every way
worthy of attention to observe that, at the point

which separates the first from the second period

of infancy, the temperature should be equal to

that of the adult.

It is difficult to imagine that this equality

can exist under every variety of external cir-

cumstance, when we see that the elements upon
which it depends are so different. And this

leads us to consider the production of heat

under a new point of view. Under what cir-

cumstances has this equality of temperature be-

tween the infant and the adult been observed ?

It was when the external temperature vras mild

or even warm. Would the same thing have

been observed had this been cold or severe I

It is eiident that if the faculty to produce heat

is the same at this period of infancy as it is in

adult age, the heat of the body will always re-

main the same, making abstraction of the diffe-

rences that depend on those of simple corpo-

real bulk. Thus, all things else being equal, a

young animal at this epoch ought to cool to the

same degree as an adult under the influence of

external cold, if it have the same ]X)wer of pro-

ducing heat. If, however, it be inferior in its

calorific powers, it will not be competent to

maintain its temperature to the same degree as

the adult, and it will fall under this limit in a

proportion determined by the difference which

exists in the faculty of producing: heat. On
making application of the principles which

have been already announced, let us try if we
cannot predict the effects. By reason of the

inferiority in energy of the nervous system in
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early life, it is difficult to suppose that a young
aiiinia! will resist the action of intense cold in

the same manner as an adult. This inference

is fully borne out by the following experiment.

A youns guinea-pig a month old, the tempe-
rature of whose body was high and steady, the

temperature of the external air being mild, was
exposed along with an adult to the same dearee

of diminished temperature—the air was at 0°c.
(32° r.)- In the course of an hour the young
creature had lost 9° c. in temperature, whilst

the adult had only lost 2°,.5 c. This experi-

ment, repeated several times with the same
species of animal, always gave the same result.

Young and adult birds of the same species,

treated in a similar manner, showed the same
diversity in their powers of resisting the effects

of external cold, from which we may infer that

the law is quite general. Several young mag-
pies, for instance, whose temperature was sta-

tionary in a mild spring atmosphere, were
placed with an adult in air ccoled to -h4°c.
After the lapse of twenty minutes, one of the

young ones was found to have lost 1
4° of tem-

perature. The others, examined at intervals,

none of which exceeded one hour and ten mi-
nutes in length, had cooled from 14° to t6° c.

The adult bird, on the contrary, similarly cir-

cumstanced, did not suffer a greater depression

of temperature than 3° c. The loss of heat

sustained by the young birds was so great as to

be incompatible with life, if continued ; that

endured by the old one was trifling in amount,
and not inconsistent with health. It is quite
true that the difference in point of size and
quantity of plumage has an influence upon this

inequality of eooUng ; but at the period of de-
velopment, when the experiment was tried, the

difference was not remarkable in regard to

either point ; nevertheless it is only proper to

take notice of it. By prolonging the period
during which the adults were exjwsed to the

cooling process, the advantages they derive

from their greater size and closer plumage may
be counterbalanced or compensated. It is es-

sential to observe that in the course of the first

hour the adult bird had only lost temperature
in die proportion of one-tifth of that lost by the

young birds, which obviously bears no ratio to

the difference in point of size, plumage, &c.
And then, the operation of the cold being con-
tinued, the adult suffered no further depres-

sion of temperature : it fell three degrees cen-

tigrade, and then became stationary. We can-
not, therefore, ascribe the entire difference in

the cooling to that of the physical conditions of

size and plumage ; a difference of constitution

must go for a great deal ; there are inherent

diversities of constitution, favourable or the re-

verse, to the production of heat. The truth of

this conclusion appears much more clearly if

we continue to subject young birds to the same
kind of experiment at successive epochs not so

close to one another. The rapid progress they

make in the power of evolving heat is, indeed,

a very remarkable fact. A few days later, and
they lose temperature in a much less considera-

ble degree when exposed to cold under the

same circumstances, although there was little

or po apparent difference in the external appear-

ance of the birds. And this is a new and con-

vincing proof that the inequality in the disposi-

tion to lose heat obvious at different periods

of life under exposure to a low external tempe-
rature, is principally owing to inherent inequa-

lity in the faculty of producing caloric.

It is of great importance that a precise idea

be formed of this expression. Up to a very

recent period in the investigation of animal

heat, no one thought of comparing animals

save with reference to the temperature of their

bodies only: and when it was found that this

was the same or different by so much, the ac-

count was closed, the comparison was pushed

no farther, under the impression that every

thing was included under this single ostensible

character. Undoubtedly, it must he granted

that, all else being alike, equably of tempera-

ture is an indication of equality in the capacity

to produce heat. But animals in one set of

circumstances may actually produce the same
quantity of caloric, and not continue to do this

the circumstances being changed. It is of

consequence to distinguish the actual produc-

tion, from the power to produce under ditlerent

conditions. The one is an net, the other a /<(-

culti/, a distinction of the highest importance in

philosophical language in general, and espe-

cially in that of physiology. Hut animals of

the same size, subjected to the same variations

of external conditions, if they continue to ex-

hibit corresponding degrees of temperature,

whether these are higher or lower, have evi-

dently the same faculty of producing heat. If,

on the contrary, they present different degrees

under the influence of precisely similar exter-

nal variations of circumstance, it is obvious

that they must possess the faculty of producing

heat in different degrees. Unless we be actu-

ally persuaded of the value of this expression,

so simple in other respects, and so constantly

held in view in all analogous circumstances,

the study of the phenomena of animal heat

would remain as it were barren, whilst the in-

vestigation of the diversities of constitution in

relation with this faculty is fertile in interesting

and useful applications.

We have seen how constitutions differed in

this respect according to age in the earlier

period of life and in the adult state. It is

probable that there are other varieties depend-
ent on other cniises; for example, differences

of season, climate, &^c. This point it will be

our next business to examine.

INFLUENCE OF SEASONS IN THE PRODUC-
TION OF ANIMAL HEAT.

The temperature of an animal is the result,

1st, of the heat which it produces ; 2d, of that

which It receives ; .3d, of that which it loses.

The proportion of heat which is lost depends
on two principal conditions, the relatively

colder temperature of the atmosphere, and the

amount of evaporation that takes place from

the surface of ihe animal. In cold and tem-
perate climates these two conditions of cooling

are in inverse relations to one another in the

opposite seasons of winter and summer. lu
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winter the temperature of the air is lower ; in

summer the amount of evaporation greater.

These two conditions of refrigeration, tlierefore,

tend to compensate one another, and conse-
quently to maintam the equilibrium of tempe-
rature as regards the body in the two op|>osile

seasons. They have unquestionably a consi-
derable share in this business; and it was long
believed that tlie simple difference indicated in

the external conditions sufficed to preserve the

temperature of the body alike during the two
periods. But in reflecting on the phenomena
presented by cold-blooded animals with the

<:lianges of the seasons, which have already

been spoken of at length, we find such an opi-

nion or view to be inadmissible. For in ex-

amining those species of cold-blooded animals
wliicli from their structure are liable to lose

more by evaporation than any other animal,
we see that no such compensation takes place.

Frogs, lor example, the skin of which is so soft

and permeable, and whose bodies besides are

so succulent that they must be presumed in the

most favourable circumstances to sustain loss

by evaporation, ought to preserve the same
temperature in winter and in summer if the

low temperature in « inter were compensated
by the excess of evaporation in pro|X)rtion as

the heat of the season augments. But we
know that the temperature of these creatures

follows, to a very great extent, that of the at-

mosphere, between 0° and 25° c. (32° and 77°

T.), difleiing at no time from it by more than a
degree or two. Tlie phenomenon here is sim-
ple, by rea.son of the slight evolution of
caloric by the frog, and leaves no doubt upon
the mind. We must, therefore, have recourse

to other conditions, in order to explain the

slight diHerence that is observed in the summer
and winter temperature of man and other warm-
blooded animals. Since external conditions

do not appear to explain the phenomena, it

must undoubtedly mainly depend oncertain
changes effected in the animal itself. Now,
since the internal conditions which influence

the temperature of the body are ihoie also that

regulate the production of heat, it is here that

the change must be eflected.

It is obvious that the cause of refrigeration

in winter being more active, to meet the greater

expenditure there must be the means provided
for furnishing a larger supply—the c;i!orific

faculty mu.>l be more active in winter than in

summer. The inverse of this takes place in

summer; so that the temperature of the body
in the two seasons is determined in the follow-

ing manner :—in winter there is a more active

production with a greuler Ions ; in summer a
less production, Willi a sinuller lossof heat. In

this way is there compensation, and a perfect

equilibrium maintained at all seasons. To
render this relation more evident, it may be
expressed in another manner ; as, for example,
in summer the body receives more heat from
without, and produces less ; in winter it receives

less and produces more.

These considerations carry us farther. As
tliis dill'eience in the production of heat lasts as

long as the various seasons, and lakes place

progressively, it is to be presumed that it be-

longs to an intimate and more or less en-

during change effected in the state of the

body. In other words, the constitution alters,

and the faculty of producing heat changes in

the same dej;ree. The fact thus expressed is

immediately susceptible of an interesting ap-

plication. If the Acuity of producing heat is

less in summer, the temperature of the body
will not be maintained to the same point in the

two seasons under sudden exposure to the

same degree of cold. By subjecting animals

to the test of experiment in the two seasons, it

is easy to judge of the justice of the preceding

deductions, as well as of the principles which
led to them. To have the mode of refrigera-

tion precisely the same, attention must be had
not merely to the thermometric temperature of

the air, but also to its humidity, which ought

to be the same in both instances. A difference

in the hygrometric state of the air will certainly

produce a difl'eience in the effects of refrigera-

tion. The apparatus employed consisted of

earthen vessels plunged amidstaquantity ofmelt-

ing ice. Air thus cooled soon reaches the [)oint

of extreme humidity- The air being at zero c.

(.32° F.), the animal is introduce<l, placed upon
a stage of gauze to prevent its coming in con-

tact with the moist and rapidly conducting

surface of the vessel. A cover, also piled over

with ice, is then placed over the apparatus, but
so arranged as still to permit the ready reno-

vation of the air contained in the interior.

Still farther to secure the purity of the included

air, a solution of potash, which of course ab-
sorbed the carbonic acid produced with avidity,

occupied the bottom of the vessel. In winter,

in the month of February, the experiment was
made at the same time upon five adult spar-

rows, which were all included in theappiu'atus.

At the end of an hour they were found one
with another to have lost no more llian 0°, 4 c,
or less than half a degree ; some of them
having suffered no depression of temperature

whatsoever, others having lost as much as, but

none more than, 1° c. The temperature of the

whole then remained stationary to the end of

the experiment, which was continued for three

hours. In the month of July the same expe-

riment was performed uixin four full-grown or

adult sparrows. The temperature of these

birds at the end of an hour had undergone a

depression, the mean term of which was 3°,

62, and the extremes 6°, 5 and 2° c. At the

end of the third hour the mean terra of the

refrigeration suffered was 6°, the extremes being

12° and 3°, 5 c. It ought to have been slated

that in the experiment in the winter month,

the birds had been for some time kept in a
warm room, so that the sudden transition was
the same in both instances, in the winter as

well as the summer experiment. The diver-

sity in the constitution of these birds, conse-

quently, with reference to the powers of pro-

ducing iieat, was an effect of the ditierence of

the seasons. Each month the tem|)erature of

which differs in any degree from that of the

month before or after it, has an obvious ten-

dency to modify the temperament or constitu-
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tion in the manner which has been indicated.

In summer we may presume, nay we may be
certain, that the differences obtain in degree

according to tlie mean intensity of the heat

proper to each. This is even to be proved by
direct experiment. The month of August, as

commonly happens, was not so liot as the

month of July, and six spairows treated in the

same manner as those that were the subject of

the July experiment already detailed, were
found not to suffer refrigeration to the same
extent. After the lajjse of an hour the mean
temperature of the six had sunk 1°, 62, and
after three hours 4°, 87 c, from which it is ob-

vious that with the successive declensions of the

external temperature the faculty of engendering

heat increases. This is demonstrated by the

experiments quoted. The animals that were
the subjects employed suffered a relatively less

degree of refrigeration in the cooler month than

they had done in the hotter, when exposed to

the same measure of cold. In the first set of

experiments performed in one of the coldest

months of the year, the power of resisting cold

was made particularly manifest. Tlie sparrows,

kept for three hours in an atmosphere at the

temperature at which ice melts, scarcely suffered

any loss of heat at all. The results of the

three series of experiments detailed confirm, in

every particular, the conclusions which had
been come to analogically and a priori. They
do more than this. They bear out equally the

principles which had been deduced with refe-

rence to the constitutions more or less favoura-

ble to the production of heat. It is apparent,

in the first place, that the influence of the

summer and that of the winter act on the con-

stitution in the same manner as the two opposed
periods of early youth and adult age. Let us

therefore inquire in what manner these different

conditions tend to produce analogous effects.

We have seen that the constitution of early life

differed from that of adult age, especially in

the inferior energy of the functions of innerva-

tion and nutrition. Now this is that which
constitutes or causes the principal difference

between the winter and summer constitution of

man. We generally feel ourselves weaker in

summer than in winter, and our digestive

powers are then also decidedly less vigorous.

What completes the analogy is that the motions

of circulation and respiration are accelerated in

summer; and as a complement of the whole
of these data, the temperature is somewhat
higher in summer ; just as we have seen

that there is an epoch in youth when the tem-
perature exceeds that which is proper to com-
plete manhood. Thus, the parity between
the constitution of youth (in the second jjeriod

of childhood,) and that of the body in sum-
mer, contrasted with the constitution of the

adult age and that of the body in winter, exists

in the three following relations :—1st, a lessened

faculty of producing heat ; 2d, greater activity

in the motions of circulation and respiration
;

3d, a higher temperature of the body.

But this faculty of adaptation to the different

seasons inherent in the body is only observed
in the better constitutions. That it may be

manifested, it is necessary there be present a
certain energy of the nervous system ; without

this even the moderate colds of winter will not

be resisted. Without this the adult will have

a constitution that will present analogies with

that of early infancy. At present we merely

mention the kind of constitution ; we shall

return to the subject by-and-by.

Differences according to the nuture of the

climute.—Tlie preceding facts render direct ex-

periments to ascei-tain the influence of the tem-
perature of different climates on the calorific

power altogether unnecessary. This is so fiir

fortunate ; for it were no easy matter to institute

them to the extent and with the precautions

necessary to security and satisfaction. The
knowledge of these effects is a necessary con-

sequence of the researches that precede. The
temperature of warm climates is represented by
the summer temperature of temperate climates,

with this difference, that it is higher, and that

with slight variations it continues through the

whole year. Whence it follows that warm
climates taken generally must produce effects

upon the constitution analogous to those pro-

duced by summer with us, only of greater

intensity by reason of the higher thermometric

range and longer continuance of the heat. The
inhabitants of hot climates ought consequently

to have an inferior degree of calorific |x>wer

than those of temperate or cold countries, what-

ever be the season. And we find, in fact, that

the natives of the warmer latitudes of the earth

present the characters in general that distinguish

the constitution of the body in the summers of

temperate countries, and characterizes the second

period of youth—more rapid motions of the

circulatory and respiratory systems, and a
higher temperature, conjoined with an inferior

degree of energy in the functions of innervation

and nutrition.

We shall not here enter upon the examina-
tion of the effects upon the natives of these

warmer latitudes from change of climate. We
shall speak of this elsewhere. After the periodi-

cal changes depending on the seasons we shall

pass to others of shorter duration, but which
revert much more frequently, and are under the

influence of other causes.

INFLUENCE OF SLEEP ON THE PRODUCTION
OF HEAT.

In the course of the twenty-four hours the

body is in two very different and in some sort

opposite states— the states of sleeping and
walchmg. These two states are principally

contrasted in the energy and weakness of the

nervous system: from a perfect consciousness

of all that is passing, we suddenly observe a
complete suspension of this office in the whole
circle of the functions of relation. At the same
time the motions of the circulatory and respira-

tory system become slower. No more is needed
to lead to the conclusion that in this state the

temperature must he lower; this is an inference

we draw without risk of error. Hut the degree
in which these motions are retarded is ex-

tremely limited ; and the depression of tem-

perature must be expected to be in tlie same
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proportion : it is in fact rery slight, altlioueh

appreciable. What would happen were the

retardation in the important motions mentioned
more considerable? Tlie temperature would
suffer a corresponding and great depression,

and various consequences might be conceived
as calculated to ensue. If the degree of cold
did no injury to the economy, the sleep would
last the time required to repair by rest the
energy which the nervous system had dissipated

or lost by its activity during the period of
watching. If, on the contrary, the refrigeration

attained a considerable degree, it would by the
consequent pain stimulate the nervous system
so much as to cause it to wake up to general
consciousness ; but in case the nervous system
were not in a condition to feel this excitement,
in other words to re-act and produce waking,
it would sink into the state of lethargy.

Tliese divers states which we deduce as pof-
sibilities, as what might be expected to occur
in sleep according to the relations of the func-
tions, do in fact present themselves frequently
in nature. It commonly enough hapiiens that
we are aroused from our sleep by a feeling of
cold, although the external temperature h;is

not changed. With regard to the lethargic

state, although it certainly occurs but rarely,

still it has been acknowledged by the most
res|)ectable authorities, and its occasional occur-
rence seems indubitable. That, however, which
is rare as regards man may be common and
even usual as animals are concerned.

Phenomena presented b>/ hybrrnating animals
with regard to the production of heat.—If
during the height of summer ax\i during the
state of watching a dormouse or a bat be exa-
mined as to their tempeniture, this will be
found the same as that of many other warm-
blooded animals. But if either of these animals
be examined whilst asleep at the same season
of the year, the temperature will be found
to have declined considerably. These changes
have been determined by Ur. Marshall Hall,
to whom we are indebted for many ob-
servations of high interest upon the state of
the circulation in hybcmating animals. The
writer also observed the same diversities in
the temperature of these animals according to
their state of sleep or watching ; but he had
not published his observations at the time Dr.
Hall's pajier appeared. Here, then, we have
several species of warm-blooded animals which,
during the hottest season of the year, exhibit
in the two states of sleep and watching a very
marked contrast in regard to the temperature of
their body, which is high during the waking
period, low during that of sleep, the external
temperature having no part in tlie phenomena,
llie difference of temperature coincides very
evidently with the state of the nervous system
its energy in watching, its enfeeblement in
sleep—a state which we have already seen to
influence in a very great degree the rapidity of
the motions of circulation and respiration,
which are accelerated during the energetic con-
dition, retarded during the period of inaction.
A higher temperature in the one case and a

lower temperature in the other are necessai^
consequences.

These facts are interesting under two points

of view. 1st, They show precisely the kind and
extent of the influence which the states of
watching and sleep exert in general on the

production of heat in animal bodies ; 2d, they
are remarkable in the particular instances under
consideration, in this, that the difierences exhi-
bited during the two states are extreme. It

must be allowed, therefore, that those animals
in which they take place must have less

energetic nervous systems than other warm-
blooded animals. From this tendency in

the animal economy, there must also be in
different species a diversity rather than an
equality in the degree in which the phenomena
are exhibited. And this is confirmed by obser-
vation. Some cool to a much greater extent
than others during their sleep in the summer
season. Tliey may be said severally to have
just as much nervous energy as is requisite to

sustain a high temperature in the summer
season during their state of highest activity,

i. e. during the period of watching, and no
more. When the state of excitement ceases,
and the collapse that follows excitement
supervenes, the languor manifested is much
greater than that of other animals in the
same condition, and their temperature sinks
in proportion. The energy possessed by hyber-
nating animals seems barely sufficient to enable
them during the summer season to maintain a
lemperatureofbody equal to thatof warm-blood-
ed animals in general. They subsequently pre-
sent another phenomenon with regard to' their

temperature well worthy of particular attention,

although it be no more than a consequence of the
first. Since it is a defect of enei-gy in the
nervous system during sleep which prevents
their maintaining the degree of rapidity in the
motions of cireulation and respiration so essen-
tial in their turn to the maintenance of a tem-
perature of the body but little inferior to that
pertaining to the state of watching in summer,
flow are they to preserve their temperature even
during the watching state when the summer
declines into autumn, and the autumn into
winter?

It is evident that if they follow the general
rule their respiratory and circulatory motions
will be retarded with the fall of the atmospheric
temperature, and this by so much the more as
their nervous system shows a less degree of
energy. It is even presumable that owing to

the decline of atmospheric temperature in

autumn, they will exhibit a temperature of
body during the period of watching analogous
to that which they manifest in the heat of the
summer season during sleep. And this is pre-
cisely what happens. M. de Saissy paid par-
ticular attention to the state of these animals
at intervals from the month of August onwards.
On the 6th of August, the temperature of the
air being at 22° c. (72° F.), a dormouse and a
marmot marked 36,° 5 (98° F.), and a hedge-
hog 34° c. (93°, 5 F.) in the axilla. On the
23d September, the external temperature being
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18° (64°, 5 F.), the temperature of the liedse-

hog was lower by 2° c, tlmt of tlie marmot by
5°, 25 c, and that of the dormouse by 5°, 5 c.

than it had been at tlie previous date. Tliis is

a considerable depression, if it be remembered
that the decline in the atmosjiheric temperature

was by no means considerable; that the air was
in fact still at a point which made it be felt as

u-urm to the generality of persons. The same
individual animals examined on the 7th of

November, the atmospheric temperature being
7°, presented the following state. The mar-
mot had lost 9°, 25 c, the dormouse 15°, 5 c,
and the hedge-hog 21°, 25 c. of their respec-

tive temperatures during the month of August,
so that their absolute temperatures were now
as follows: that of the marmot 27° (81° F.),

that of the dormouse 21° (70° F.), and that of
the hedge-hog 13°, 75 c. (57° F). Here, there-

fore, we have several warm-blooded animals
which in autumn approach very closely to the

cold-blooded tribes with regard to their calorific

power.

If they be next observed during the period

of sleep, the relationship will be observed if

possible in a more striking degree. If, during

the state of watching, they suffer such a loss of
temperature as has been specified with the

gradual decline of the temperature of the year,

tliey will certamly suffer still more remarkable
changes during the state of sleep, in conformity

with the principles already fully developed.

The sleep of these animals will also become
longer and deeper in proportion as the nervous

system loses its power, under the influence of
the external cold, a loss which will be mani-
fested by a farther retardation in the motions of
circulation and respiration. But what is the

increasing weakness of the nervous system
during sleep but a more or less marked state

of torpor ? The same degree of cold con-

tinuing, or the degree of cold becoming gra-

dually greater, the disproportion as regards the

animal will increase also, and will necessarily

attain a term at which the torpor during

sleep will become let/iargic. If the external

temperature goes on deolming, and attains a
point at which it becomes dangerous to the life

of the creature, the cold, within certain limits,

ought to have the power of withdrawing the

animal from its state of lethargy. The excite-

ment which appertains to the waking period,

by accelerating the motions of circulation and
of respiration, will then cause the temperature

of the body to rise. Hut if the external tem-
perature does not become more favourable, or

if the animal finds no means of abstracting

itself from its influence, it has not sufficient

resource within itself and must perish.

We have seen above that the changes in the

seasons produced great mollifications in the

constitution of warm-blooded animals in eene-

ral. But It were difficult to imagine any greater

or more striking than those presented to us by
the species which we have just named, which
belong to the family of hybernating animals;

changes which arise from their passing the

winter months in a state of lethargy. When

these animals are recalled from this state to-

wards the end of autumn, and during the

course of tlie winter, they may seem to resume
the characters which distinguish the vitality of
warm-blooded animals in general, liut they are

in a \ery different state at this epoch from what
they are in summer. Their constitution has

un lergone important changes, which it is

necessary to examine and appreciate exactly.

These changes are inversely as those which the

most perfectly constituted warm-blooded ani-

mals experience. These, under the influence

of the increasing cold of autumn and winter,

acquire new vigour, and their faculty of pro-

ducing heat increases in consequence. Those,
on the contrary, naturally much less energetic

even at the most favourable period of the year,

require to be excited and supported by the

high temperature of the summer or warmer
months, to permit them to exhibit all their

activity and strength. It is in the warm season

of the year that these animals have the greatest

degree of energy—energy which has a certain

duration even after the external conditions

which have developed it have ceased to operate

;

for they have been as it were tempered by the

continuity of favourable circumstances, espe-

cially of the high atmospheric temperature.

This is the reason why they are so slightly

affected by the diurnal variations of the warm
season of the year; and even when this begins

to wane, and they are no longer stimulated by
the temperature proper to summer, they find

sufficient energy in the store accumulated, as

it were, during the fine season to enable them
to resist for a time and to a certain extent the

unfavourable influences with which they begin

to be surrounded. These continuing, however,
and even increasing, they gradually yield to

their influence, and sink lethargic, till revived

by the return of spring with its milder tempe-
rature. Their languor even augments not only
with a progressively lower degree of atmospheric
temperature, but with the persistence of a
degree which in itself is not by any means
excessive.

These hybernating animals, whilst they pre-

sent the structure of the warm-blooded tribes

in general, still approach in a very remarkable
degree to the cold-blooded tribes in their

defective energy, or their hidifferent powers of
reaction. This is to be regarded as tlie prin-

cipal source of the phenomena they exhibit in

the current of the year, phenomena which
are unknown among the more perfectly con-
stituted warm-blooded animals, but which are

absolutely of the same nature as those presented
by the cold-blooded Vertebrata in the same
circumstances, and which only diflTer in degree.

This analogy or resemblance in the phenomena
ajipears to arise from analogy not of structure

but of constitution. Very opposite oi^aniza-

tions may have analogous constitutions ; cold-

blooded animals for example present the

greatest diversities of structure, and all are

affected and bear themselves in the same man-
ner under similar circumstances in very many
respects. They have thus a common constitu-
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tion which chamcterizes them, tlie fundamental
principle or distinguishing feature of which is

a defect of energy, or of power of reaction.

This principle, so .simple in itself, and which
is but the true expression of the various facts

reduced to unity, renders plain and obvious
much that otherwise appears anomalous or

contradictory. In studying the phenomena of
animal heat under new relations, we shall find

the confirmation of what precedes.

Of the system upon whicb tue external
tk.mpkrature acts primarily and prin-
CIPALLY.
Our sensations admonish us that it is the

nervous system that is acted upon primarily and

rrincipally by changes of external temperature.

n the tirst place the impression is felt instan-

taneously ; in the second place the intensity of

the sen*ation is in relation with the degree of
external heat or cold ; in the third place the im-
pression is not limited to the various degrees of
the corresponding sensation of heat or cold ; it

extends to the other faculties of the nervous
system, increasing or diminishing the general

or special sensibility ; in the fourth place it acts

powerfully in increasing or diminishing the

activity of the muscular system, principally

through the medium of tlie nervous system.

Influence of temperature on the vitality of
cold-blooded animals.

It the functions of respiration and general

circulation be destroyed by the excision of the

lungs and heart of a cold-blooded animal, of

one of the Uatrachia for example, life may still

continue for a time. Of the three principal

systems of the economy the only one then lefl

untouched is the nervous ; so that the animal
may be viewed as living almost exclusively by
the agency of this system. If several animals in

this condition be plunged in water deprived of
air, they will live in it different spaces of time

according to the degree of its temperature,

the extremes compatible with their existence

being icm and 40 c. It is towards the

inferior limit, zero, that they live the longest.

Towards the upper limit they die almost im-
mediately. Temperature, consequently, pre-

sents in the scale of variations just mentioned
very remarkable relations with the vitality of
these animals. Towards the lower limit or that

of melting ice, it is obviously most favourable to

life; towards the upper limit, it is most inimical
to life, extinguishing it almost immediately.
Here it is impossible to mistake the system
upon which the variety of temperature exerts

its first and principal effects—the nervous
system.

If respiration only be annihilated by
plunging these creatures under water deprived
of air, the lemi^erature of which is caused to

vary as above, they will be found to present the
same phenomena according to the degree of
tlie heat or cold, but in a more striking

manner. Temperature in this case has the
same kind of intluence, but the effects are more
manifest, from the circulation of the venous
blood prolonging life at every degree short of

the one at the upper limit of the scale, at which
life is extinguished quite as suddenly as in the

former instance.

Such are the direct and instantaneous effects

of temperature ujion the vitality of cold-

blooded animals. But there are others which
flow from its successive agency, during a con-

siderable length of time. If the series of ex-

periments just quoted 1)e made in summer,
and the different lengths of life at different

degrees of temperature of the frogs immersed
in water be noted, (between the limits which we
have pointed out above,) and the same expe-

riments be repeated in autumn, the length or

tenacity of life manifested by the animals will

l)e much greater at the same degrees of tem-
perature—they will in general be found to live

twice as long now as they did in summer, at

corresponding and equal temperatures of the

medium in which they are immersed. The
depression of atmospheric temperature in tlic

autumn has modified their constitution, and
actually increased their vitality, precisely in

the manner indicated above. The slight

effects of each successive fall in the general

temperature have accumulated in the constitu-

tion so as to render their vitality or tenacity of
life much greater, a fact which is made abun-
dantly manifest by the faculty of the animals

to remain for a much longer time immersed in

water without breathing than they could have

done in summer. If a third series of experi-

ments of the same description be made in

winter, the tenacity of life will be found to

have increased in a very high degree. At the

same degree of temperature frogs will be found
to live immersed in water deprived of its air

at least twice as long in winter as they could
have done in autumn. The same cause—the

depression of the atmospheric temperature

—

has continued to act with greater intensity

and for a longer period, and the constitution,

gradually modified by greater and longer con-
tinued cold, has acquired greater tenacity of
life.

The opposite effect takes place with the

successive rises of the temperature from that of
winter to that of summer ; so that among cold-

blooded animals the maximum of vitality,

i. e. tenacity of life, corresponds to the depth
of winter, the minimum to the height of sum-
mer. The slight and from moment to moment
inappreciable effects produced by the external

temperature, whethei tending to increase or to

diminish the vitality, accumulate with their

repetition through the period of each season,

and produce a corresponding change in the con-

stitution with regard to tenacity of life. These
accumulated effects of the different portions of

the year constitute the influence of the seasons

on the constitution with respect to many of the

most important relations of life. The first of

these we have just examined cursorily—that is,

the faculty of living in air according to the

influence of the actual temperature, or of that

of the past temperature, in other words the

season that has immediately preceded. The
second of these fundamental relations consists

in the various proportions of air necessary to

J Y
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the maintenance of life according to their re-

lations with tlie temperature. We have seen

tliat it is at the minimum of temperature that

the coldblooded animals possess tl;e greatest

tenacity of life, as regards llie most essential

relation, in other words they are iri the con-

dition the most fiwourable to enable them to

do without air; at this point they are in a state

to live for the longest time without breathing.

It is obvious that here they must require less

air than under any other circumstances ; they

must necessarily require so miicli the less, as

their life will continue longer here than under
any other circumstances without any access of

air at all. It is, however, essential to appre-

ciate duly this fundamental relation, namelv,
that at the lower limit of the scale of tempera-
ture mentioned, cold-blooded animals require

less air to live, and what is more, they con-
sume less air than under any other circum-
stances, and are even incapacitated from con-
suming more than they do. The minimum
temperature of this scale consequently is an
index of the maximum of vitality or tenacity

of life, and at the same time of the minimum
of respiration. In the same jiroportion as the

tempemture rises, the vitality or tenacity of
life declines, which makes it necessary that

this declension should be comi^ensated by a
corresponding increase in their relation with the

air, in order that the vivifying influence of
this fluid may neutralize the deleterious effects

of the increase of heat. And this is what
actually happens. With the rise in tempe-
rature the sphere of activity of the respiration

extends, and the vivifying influence of the air,

which increases with the quantity of the fluid

consumed, compensates the successive decre-
ments in vitality or tenacity of life, dependent
on successive increments of temperature. We
shall therefore express in a very few words this

fundamental relation between the tempera-
ture of the air and the maintenance of life

among the invertebrate series of animals,—

a

relation entirely deduced from direct experi-

ment, which we can but refer to here, but
which we shall lay before our readers with all

the requisite details in our article on Resi-iea-
TioN. The rise of temperature in the scale

from zero to 40 c. exerts upon the nervous
.system of cold-blooded animals an action the
tendency of which is to diminish its vitality

;

the air, on the contrary, exerts a vivifying in-

fluence on this system. It becomes necessary,

therefore, to the maintenance of life that their

respective relations with the economy be such
that their effects compensate or counterbalance
each other.

The principle relative to the influence of
temperature on the vitality of cold-blooded
animals just laid down, is applicable in every
particular to the changes experienced and the

phonoraena presented by the hybernating tribes

among the warm-blooded series of animals.
Their vitality changes with the wane of the year,

i. e. under the influence of prolonged exposure
lo cold, in the same manner They are then in

a conditi(m to exist with a supply of air by so
nnich the less as this influence has been more

intense and more protracted'; and precisely as
the cold-blooded tribes, if entirely deprived of
air in winter, they will live for a much longer

time in this deleterious position than tliey

would have done in summer.

liifluence of teynperuture on the. vitality of
warm-blooded animals and iif man in the

states of health and disease.

These principles and considerations lead us
to examine what happens among warm-blooded
animals in the same circumstances. There being

great and manifold analogies between them and
the preceding tribe of animals, there must also

be some community in the application of the

principles laid down; but as they also differ

in many important respects, this application

must be correspondingly restricted. In the

first place, then, there is complete analogy

between the one and the other wiUi regard to

the influence of the superior thermal limit on
the vitality of the nervous system. To seize

the analogy properly, it is however necessary

to regard the temperature which modifies this

system in each series, from a point of view that

is common to both. Whether the temperature

proceeds from without or from within, we may
presume that it will influence or modify the

nervous system in the same manner, if not

to the same degree, inasmuch as this system

presents differences. Warm-blooded animals

having in general a high temperature at all

seasons of the year, they must be compared
in this respect with cold-blooded animals in

the height of summer. On the one hand, heat

within certain limits tends to increase sensibi-

lity and motility ; warm-blooded animals,

therefore, with a few exceptions, which always

present a high temperature, constantly exhibit

also, with a few exceptions, a high degree of
sensibility and motility. The same thing can
only be said of the cold-blooded tribes during
the continuance of the warm weather. On the

other hand, again, high temperature tends to

lessen the vitality proper to the nervous system,

or the faculty of living without the agency of
the ordinary stimuli. This is also the reason

why, if respiration be interrupted among warm-
blooded animals at all times, and among cold-

blooded animals during the warmer seasons of
the year, they all perish alike speedily or nearly

so. The dift'erence in the time that elapses

before life is extinct still depends on, or is in

relation with, the difference of temperature.
For in the hotter season of the year, cold-

blooded animals never attain the temperature of
the warm-blooded tribes, even in the most
burning climates of the globe. Their nervous
system will consequently have a higher degree
of vitality in the sense already indicated ; that

is to say, they will not perish so promptly in

summer under deprivation of air ; but if they

be immersed in water at the mean tempera-

ture of warm-blooded animals generally, which
is about 400 c. (IO40 F.), they will die as sud-

denly— (at least this is the case with those of
small size upon which the experiment has been
made)—as the warm-blooded V'ertebrata when
deprived of the contact of air.
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Tlie analogy on either hand coDsisU in the

effects of temperature. liut the differences

that must necessarily occur between natures

tliat vary in so many oilier resjiects are espe-

cially encountered in the dissimilar ellecis of

cold. Here we observe a general comi)ensa-

tion which distinguishes in the most marked
manner tlie Vertebratii having a constant or all

but a constant temperature, from the hyber-

natiog tribes or Vertebrata whose temperature

varies, and the cold-blooded series generally.

The relation of cold, or of a low temperature

relatively to the standard of the more perfect

beings of creation, is one of essential impor-

tance, and requiring our most careful mvesti-

gation.

Cold, as has been said, lends to diminish

sensibility and motility; but cold itself is per-

ceived by causing a diminution of the general

sensibility ; among animals of superior organi-

zation it even acts indirectly as a stimulus

:

the blood flows into the parts that had been
chilled, if their temperature has not fallen

too low, for then all sensibility is extinguished

and reaction never occurs. The afflux of
blood to the external parts is ma-iifested by
the increased redness ; and the skin becomes
red in proportion as the parts it covers are

susceptible of acquiring a high temperature,

such as the hand, ^^'e have shown that the

consequence of the afflux of blood is an in-

crease of temperature which tends to counter-

balance the etl'ects of the refrigeration. The
compensation, however, is not perfect. For
in winter the temperature continues above that

of summer, although there is a greater pro-

duction of heat in winter than there is in

summer, as we have shown above.

The constitution of the Vertebrata having a

nearly constant tein|)erature differs essentially

in the [xjwer of reaction it possesses ; a jKiwer

which cannot belter be expressed than by the

word energy, and which must necessarily be
referred to the nervous system. The power of

reaction under the influence of cold is exhi-

bited in two modes : the first is that which has

just been mentioned, in which the stimulus of

the cold calls the blood into the capillaries of

the surface, without exciting any kind of vio-

lent motions in the circulating and respiratory

systems ; the second consists essentially in

this last kind of excitement. Tlie sharpness of
the cold stimulates the respiratory motions,

which become accelerated, and the quickening
of the motions of the heart follows or accom-
panies those of the lungs. These tw o modes
of reaction must be viewed as two degrees of
the same power : 1st, an afflux of the blood to

the capillary vessels; 2d, acceleration of the

motions of the thorax and heart. There is,

however, between these two processes a diffe-

rence which it is of the greatest conse-
quence clearly to understand. The first, so

long as it remains within certain and suitable

limits, is a reaction that maintains the eco-

nomy in a state of health. The second tends

to produce salutary effects, but becoming ex-

cessive it brings the body into a state of disease.

The fii-st is sufficient to enable those creatures

whose system is energetic to resist tl»e effects

of rigorous cold, by preserving their general

activity and the normal state of llieir functions.

The second is the resource of those animals,

which, although of the same species, are so

constituted that the energy of the nervous sys-

tem is less than in the former. Tliis is what

occurs universally in very early life. It is a

reaction the tendency of which is salutary, but

which is not the less on this account the

index and essence of a proper pathological

state. It is one of the cases in which tlie vis

medicatrii natunr is peculiarly and most

strikingly manifested, lliis position is made
singularly evident by the following experi-

ment:—when a young bird, bare, or but scan-

tily covered witli feathers, is taken from the

nest, and exposed to the o\ie<\ air, even in the

summer season, its respiration will be seen to

be accelerated in the ratio of the cold it expe-

riences. It is peculiarly worthy of remark

that this salutary reaction, taking place under

the influence of the nervous system, acting, in

the case quoted, independently of the will, is

in a great measure the same as that which we
bring into play by means of the will to com-
bat the same evil. When in health, for instance,

we are exposed to and feel the impression of

cold severely, and have no resource but in our-

selves, we begin immediately to take exercise,

and move about; and if we do this with sufficient

vigour, tlie motions of respiration and circula-

tion are very soon increased in rate, and
our heat returns ; it being always understood

that the external cold is not at too rigorous

a de.:;ree. From what precedes, we are in a
state to appreciate the part which each func-

tion has in causing the developement of heat by
exercise. The experiments of Messrs. Bec-

querel and Breschet, referred to in an early

part of this paper, have proved that the con-

traction of the voluntary muscles is accom-
panied by the evolution of caloric, and that

the heat increases by a succession of muscular

contractions. The first source of the heat

evolved in exercise, therefore, lies in the con-

tractions of the muscles, that is, in the volun-

tary motions. These, vigorously called into

play, are followed by increased rapidity in the

action of the muscles of respiration, and of

the central muscle of circulation, the heart

;

and these, by the increased enei-gy they impart

to the functions over which they preside, cause

an increase in the temperature in conformity

with the general principles already laid down.

It is well to follow the effects of exercise in the

various modifications under the influence of

cold. They produce phenomena which extend

farther than the state of health, and which ap-

pear in other conditions and circumstances

from analogous reasons. Exercise, according

to its degree and the degree of temperature

of the external air, is adequate not only to

compensate a chill, and to restore the body to

its pristine temperature in every part, but even

to <io more than this. If the exercise has been

sufficiently prolonged, but not been excessive,

it may be suspended ; and the body, now re-

stored by its means to its temperature, will be
•2 Y 2
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apt to rchun it longer tliaii it hud done wlieii

exi)osed to cold vvitljout any preparation of the

kind implied ; it will resist impressions of cold

longer alter exercise than it would after a slate

of perfect quiescence ; the nervous system
has acquired new energy ; the ecoiiomy is in

a condition to react with greater effect than

when depending on the process just described,

that, namely, wliich takes place independently

of the agency of the will. The repetition of
the ed'ects that follow exercise taken at due in-

tervals, hardens the frame to such a degree that

the body at length acquires the power, by
means of the insensible and invohintury reac-

tion alone, to resist degrees of cold which it

could not have borne without the violent and
voluntarily induced reaction of active muscular
exertion.

The different states of the body in the cir-

cumstances just referred to deserve special

attention, because they are reproduced in

others, where the cause not being apparent
they seem to be spontaneous, though they are

in fact, as we shall have occasion to see, under
the influence of an analogous cause. We sup-
pose that on the first exposure to cold during
rest, the reaction from tlie afflux of blood to

the capillaries is slight, and that the cold is

even sufficiently intense to produce an opposite

fflfect, that is, paleness of the part chilled.

To this symptom of the action of cold, shiver-

ing is superadded in various degrees of inten-

sity. If recourse be now had to exercise, this

state will last for a period long in proportion

to its intensity, until violent and prolonged mo-
tion have restored the temperature. If the

exercise be continued, the heat increases, and
even rises above its degree at starting ; in this

case it first restores the proper heat of the skin,

and then causes this tegument to assume a red

colour, which may become extremely intense.

To this second state succeeds a third, in which
the skin, which had hitherto been dry and un-
perspiring, becomes soft and finally bedewed
with moisture. Here, then, we have three

different states induced under the influence of
cold acting at first without opposition on the

part of the system, and then combated by
powerful and voluntary reaction. First, we
have coldness, palene.^s,and shivering ; secondly,

heat and redness; thirdly, moisture of the skin

and sweatin;T. In making the application

here of what has been said above upon the

repetition of these acts, we perceive that at the

same degree of external temperature the effects

which at first, and under other circumstances,

would follow the impression of such a degree
of cold, may cease to be felt. This happens
from the constitution having improved under
the actions and their effects, which have been
detiiled, and that it is in a state, with the

assistance of its own inherent powers of insen-

sible and involuntary reaction, to resist refrige-

ration. But do we not, when we strengthen

the constitution to such a pitch as enables it to

resist an influence which was a cause of incon-

venience to it previously, cure it of an infir-

mhy ? It is obvious from what precedes that

tlie temperature of the body may be indiffe-

rently affected, either by a great fall in that of

the air, or by an insufficient production of heat.

The temperature of the body tends to sink

equally when, producing a great deal of heat,

it is exposed to severe cold, or when, producing

little heat, it is exposed to a moderate warmth.

In either case the effects upon the economy
will be analogous without being identical. Iii

each case there will be a keen sense of cold

according to the depression of the external

temperature on the one hand, or the slightness

of the evolution of beat on the other. In the

latter case the insensible reaction will be ex-

tremely limited, as well as the voluntary reac-

tion, on account of the deficient energy. But
there are still resources within the economy. It

is then that the involuntary and violent reaction

of which we have already spoken takes place.

ITie circulation and the respiration increase in

rapidity spontaneously. In the case which we
have just supposed, there will be certain series

of phenomena, analogous to those we have

described as occurring in the instance of a

strong individual exposed to the influence of

severe cold, who suffers from it at first, and
subsequently opposes and vanquishes it by
means of a violent and voluntarily superinduced

reaction. When the fiiculty of engendering

beat sinks to a certain term, there will be not

only a vivid sensation of cold even in summer,
but all the other consequences of exposure to a
low tem))erature, such as paleness, shivering,

&c. ; by-and-by the involuntary reaction will

not fail to take place; the respiration and
circulation are accelerated, and end by restoring

the temperature, if the lesion of the calorific

power have not been too extensive, the skin

being first hot and dry, and subsequently hot

and moist. Here, consequently, we have the

three periods precisely as in the case previously

described : 1st, coldness, pallor, and shivering

;

2d, acceleration of respiration and circula-

tion, accompanied in the second period by dry
heat, and in the third by sweating. There is

therefore the strongest analogy in the two
cases. They resemble one another in the cha-

racter of the phenomena, and the order of

their succession. This is so obvious as merely
to require mention ; there can be no occasion

for more particular illustration. They have
also the strictest relationship in their causes,

without these, however, being identical. In the

first case the individual produces a great deal

of heat, but he cannot engender enough by the

ordinary and insensible reaction, in conse-

quence of which he has recourse to the violent

and voluntary reaction, which soon produces
the desired effect. In the second, the indivi-

dual produces little heat, and the economy
may suffer from this diminution of the calorific

faculty to the extent of finding itself incajiable of

restoring a sufficient degree of heat by means of

a violent and vokmtary reaction. The violent

and involuntary reaction then succeeds, and pro-

duces all the effects of that which is put into

play under the empire of the will. Nor is the

resemblance limited to immediate results. It

further extends to the remote and definitive

effect. For in either case the violent effort



ANIMAL HEAT. 677

ceases after a certain interval of variable extent,

according to various circumstances; and
a stale of tranquillity conies on in which the

body has recovered the faculty of engendering
by the ordinary ineiuis the quantity of heat ne-
cessary to the comfortable existence of the in-

dividual. After this the reijetition with greater

or less frequency of the same acts ends by
restoring the calorific function to the state in

which insensible reaction suffices to maintain
it in its sutficiency. In the first cjise it is a
strong individual able to make the voluntary

and energetic efforts required to remedy the

inconvenience he suffers. In theother instance
it is an individual who has not the strength

requisite to make such efforts. In this case
naturt^ supplies the deficiency by exciting

directly the motions of circulation and respira-

tion by the painful impression of cold. Al-
though the condition of the first be the state

of health, and that of the second properly a
morbid state, they nevertheless have many
relations in common, which differ princi-

jialiy in degree. Does not the robust indivi-

dual experience an inconvenience for which he
finds a remedy in violent and repeated efforts?

However robust he may be under ordinary cir-

cumstances, in the extraordinary condition in

wliich he is placed the usual vital processes

no longer suffice him. lie must have recourse

to violent means which disturb the economy
;

and by a repetition of the same efforts at diffe-

rent periods, that is to say, in fits or paroxysms,
he ends by so far fortifying himelfas to be able to

do without them. Is not this tantamount to

remedying a relative infirmity of constitution ?

Let its degree increase but a little, and the

infirmity becomes disease. This parallel is not
founded on vague and superficial resemblances,
but on determinate and fundamental relations.

There is not one essential point in the compari-
son which does not rest on the result of direct

experiments, most of wliich have been quoted
in preceding parts of this article. What must
be done to justify the similitude of these

two stales ? V\'ilh regard to the stale of health

the connexion of phenomena having reference

to the hygienic and voluntary reaction is well

known. With reference to the relation between
the symptoms in the morbid stale and the
morbid reaction, it remains to be proved that

under circumstances where there is but slight

production of heat, the feeling of cold may
induce acceleration in the respirator)' and circu-

latory motions. Now ilhas been established bv
experiments already quoted, that there is reac-

tion of this precise knid in such circumstances.
We have seen, for instance, that when a bird,

naked or scantily covered with feathers, is

taken from the nest and exposed to the air

even in summer, it speedily begins to shiver,

and to exhibit a reaction in accelerated motions
of respiration, which is followed by, and indeed
implies increased rapidity in the motions of
the heart and cunent of the blood. It were
also proper to show that the cold sUite may, by
means of tlie violent and involuntary reaction,

induce the restoration of heat. This is also

susceptible of proof by means of direct expe-

riment. To this end an individual (a young
bird from the nest) must be chosen of such

an age that the temperature will not be apt to

fall too low on exposure to the air. If the

choice have been fortunate, it will be found that

the temperature sinks in the first instance, and

then rises, so that it may even surpass the de-

gree it showed at first, under the influence of

the reaction occasioned by die acceleration of

the motions of respiration and circulation.

The proof here is, therefore, extremely satis-

factory. A creature in a state of health is t^iken

and placed in circumstances in which the same
essential symptoms are ])roduced in the same
order as in the morbid state which we have

described. It can scarcely be necessary to say

that the morbid state which we have described

in man is that of simple intermittent fever.

Not only in the beginning of this disease is

there a feeling of cold, but recent accurate ob-

servations have shown, by means of the ther-

mometer, that tliere is actual refrigeration.

There is, therefore, lesion of the calorific func-

tion in the sense previously indicated, that is,

there is decrease in the jiower to produce heat. ,

Subsequently the temperature rises whilst

there is still more or less of the sensation of

cold remaining; but this only happens by vir-

tue of a general disposition of the nervous

system. The same thing, in fact, occurs in a
state of perfect health ; when the body has for

some time been exposed to severe cold, the

sensation continues for a certain interval after

it has been restored to die nonnal temperature.

It is of little consequence, as regards the sub-

ject which engages our attention, that there are

some intermittent fevers which do not exhibit

the phenomena of temperature that have been

described. We arc only interested in proving

that some do occur which present them all,—

a

fact tiiat has been demonstrated by the best

authorities.

Tliere is consequently in these cases a lesion

of the calorific function, a lesion of which the

essence consists in a diminution of the faculty

of producing heat. In a constitution capable of

re-acting by the acceleration of the respiration

and circulation, we may observe ujion this occa-

sion two principal modifications of the morbid
slate, which both deiiend on the same cause,

but which differ in degree. The first is that

described in which the reaction suffices to

restore die calorific (lower to the degree com-
patible with health after one or more fits or

])aroxysms. With regaixl to the second, tlie

diminution of the function of calorification may
be so great, that the reaction may prove in-

adecpiale to restore it, not only perm;mently

but even momentarily. Tliere are in fact

diseases of this kind ; there are many regular

intermittent fevers that have no tendency to

s])ontaneous cure ; there is also one particular

form of the disease which proves speedily fatal

without the intervention of art. This is that

form of intermittent which is known at Koine
especially under the name of ihe/iWirc iilgUI/i,

or cold fever. It often happens that the {xitienl,
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unless suitably treated, dies in the cold stage of

the second or third i>aroxysm ; sometimes he

will even perish in the first.

It is easy lo produce at will the essential

symptoms of these affections even in their most
formidable shapes, in animals in a state of

health. All the young birds, for example,

belonging to the group of those which at their

birth have the weaker calorific powers, can be

made to exhibit the phenomena in question. If,

at the period of their exclusion or shortly after

this, they be taken out of the nest, we have

seen that they lose heat rapidly even in the

summer season ; and we perceive that any
reaction of which they are capable by the

acceleration of their respiratory and circulatory

motions avails them nothing ; their tempera-

ture sinks in spite of this, till all reaction

ceases by the increasing and now benumbing
influence of the cold, so that they speedily

perish. In these two extreme cases of dimin-

ished production of heat, there is similarity in

the symptoms which ensue, with this ditference,

that in the algid 'mlermiitent there is lesion or a

morbid state of tlie calorific faculty ; whilst in

the other case the scanty production of heat is

a normal condition in relation with the age of

the subject. In the first, the constitution is

seriously altered ; it must be restored or other-

wise the individual dies; in the second, there

is no alteration of any kind; the individual

only requires to be placed in circumstances

favourable to die normal manifestation of the

function to be restored. In the one the

lesion is so great that there is no resource in

nature abandoned to her own efforts ; art must
interfere. In the other, nature provides against

the scanty production of caloric in giving to

parents the instinct to warm their young by the

heat of their own bodies, &c.

We have seen that cold, when not of too

great intensity, tended to strengthen the body

by increasing the faculty of producing heat;

and farther, that with the progressive rise of

the temperature in spring and summer the

energy of this faculty diminished. ITiis is

what takes place with regard to those constitu-

tions that are in the most favourable relation

with the climate. Let us now examine the

nature of those constitutions that do not adapt

themselves thoroughly to the changes of the

seasons, and see whatthe consequences are with

regard to them. Let us begin with the rela-

tion of these to the cold season of the year.

It might be presumed a priuri that those con-

stitutions that have a very limited capacity of

engendering heat will not accommodate them-

selves well to the cold of winter. Their

limited powers of producing heat will not ena-

ble them to repair the continually increasing

loss of it arising from the depression of tlie

external temperature. They consequently suffer

in a greater or less degree from cold, perhajjs

not to any great extent in the first instance,

as we shall have occasion to explain by-and-

by, but still in some measure ; and there are

certain degrees of uneasiness and inconvenience

that may be regarded as being still within the

limits of health. There is even a certain, and
that a pretty wide latitude in which the body
may vary without trespassing on the line of

disease. The uneasiness may only be ex-

perienced from time to time, and not even be
always very manifestly referable to its proper

cause. In other words the sensation may be
something quite different from that ordinarily

induced by cold; just as it sometimes happens
that among weak constitutions the necessity of

taking food is not always proclaimed by the

feeling of hunger, but occasionally by some
other distressing or painful sensation, with re-

gard to the true nature of which experience

alone can enlighten us. In such a low state of

the calorific power, the faculty seems to lose

strength still further, owing to the simple per-

sistence of the same degree of cold, and still

more from the ulterior depression of the tem-

perature, in the manner we have seen when
speaking of hybernating animals. This dimi-

nution in tlie temperature of the air sometimes
occasions among weakly subjects morbid re-

action, the principal features of which have

already been explained. From all that pre-

cedes, the constitutions that will be the most apt

to suffer from exposure to cold will be those of

the earliest times of life observed in man and
the warmblooded tribes generally, since it is

at this epoch that they produce the least heat

;

and as a corollary from this, we should infer

that the mortality in early life ought to be
greater during the winter season in this and
other countries similarly circumstanced. It

became a matter of peculiar interest to verify

Uiis inference from the experiments and
reasonings of which we have just rendered an

account. Messrs. Villerme and Milne Edwards
accordingly undertook the necessary inquiries,

entering upon extensive statistical researches

with reference to the mortality of children in

the different seasons of the year in France, and
found that the mortality of infants from their birth

to the age of three months was generally the

greatest in those departments of which the

winters were the most severe. For a similar

reason, the natives of very warm climates who
visit countries whose winters are excessively

cold, run great risks of not being able to pro-

duce heat enough to compensate the loss they

sustain from exposure to the low atmospheric

changes, and thus of becoming obnoxious to

disease and death in consequence. Those that

have elasticity enough of constitution to meet
this unwonted demand upon their calorific

powers, experience an increase in the energy of

the functions ujion which the production of heat

depends, by which they are brought into har-

mony with the climate. Others who are less

robustly constituted complain loudly of the

cold, languish, and finally |«rish if they do not

find means of escaping from the destructive

tendency of the cold.

What happens, in as far as these different con-

stitutions are concerned, when the change of

season is die opposite of that we have just dis-

cussed ? \vhen the progress is from the colder

to the hotter period of die year ? The constitu-
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tions that have just been particularly mentioned,
it is obvious, will find themselves Ixinefited by
the change ; they are continually supplied witli

larger proportions of heat of which they were
especially in want. But robust constitutions,

in which the calorific faculty is largely deve-
loped, will they not he in an 0])ix)site position,

unless the energy of the faculty in question

diminishes in proportion as the external tem-
perature increases? This in fact is what of
necessity happens to those in whom the

|x>wer of accommodation is defective. For
when the calorific faculty continues in full

force, wlien the temjierature of the surrounding
atmosphere is high, there is an excess of heat

proceeding from within as well as fi'om

without ; and if the body does not suffer in the

first instance, which it is apt to do, it before

long feels tlie deteriorating influence of this

additional excitement, which thensupcrinduces
a series of morbid phenomena ofvarious degrees
of intensity according to circumstances. All
this is observed to occur in the most distinct

manner among the natives of cold climates

who come to reside in very hot countries. The
most robust are even observed to be the most
apt to suffer from the change, and the effect is

so decided, that few escape some derangement
of health, occasioned solely by the influence of
the high temperature. When the affection

appears in the acute form, after recovery,

the new comer is said to be seasoned. The
constitution appears to have suffered a favour-
able change, which consists essentially in

a decrease of the faculty to produce heat. In
fact it is often only by a process of this kind
that the calorific power can be brought into

harmony with the new circumstances iu which
it is placed.

Something of the same kind even takes
place in the constitutions of the inhabitants of
tlie countries which have two very different

tempenitures during the two halves of the year.

Here, however, the change of constitution ge-

. nerally passes insensibly or nearly so, tlie

transition being both less in itself, and the

natives being accustomed to the difierence.

Let us just remark that we have here another
instance of the vis medicatri.r natiira, the ten-

dency of which at all events is salutary, but of
which the violence of effect by exceeding the
proper limit frequently becomes fatal. We
even perceive here that nature has two pro-
cesses at her command, by which she adapts us
to changes of external circumstances ; the one
is gradual and insensible, the other is sudden
and violent.

From repeated observation, and from experi-
ments upon the effects of exposure to high tem-
peratures, it is easy to infer the general charac-
ter of the disease in its simplest form, which the
natives of cold climates will be likely to con-
tract in hot countries. As a high temperature
of the air accelerates the breathing and excites

the circulation, it may arouse these functions to
such a pitch, that the condition becomes truly
pathological, and the disease which results is

continued fever with excessive heat of sui-facein

those countries where the external conditions

are subject to little variety.

ITiere arc other phenomena accompanying
changes ofclimate that are referable rather to the

state of health than to any morbid condition that

bears upon the sensations. It is a general re-

mark that natives of the warmer regions of the

earth, of a good natural constitution, when they

visit countries within the temperate zone, suffer

little fi-om the effects of cold the first winter

;

on the contrary, they seem to live very much at

tlieir ease, except in extreme cases. Let us see

if we can explain this fiict with the assistance

of the principles established above. If the

natives of warmer climates come during the

summer to temperate countries, tliey experience

a change of no great amount Indeed, and
which, in tlie generality of cases, is not obvious.

The heat grows less and less intense, declining

gradually ; freshness or coolness succeeds ; then

comes moderate, and at last severe cold. Well-
constituted individuals, therefore, and they

may be assumed as the majority, will ex[)eri-

ence the general influence of a gradual cooling

process ; that is to say, their faculty of produ-
cing heat will increase, whence will result a
feeling of warmth and of comfort. But this

faculty has its limits of increase, which in fact

lie within narrower bounds than in tlie case of
well-constituted natives of tem|)erate climates.

They are consequently apt at length to fall

short of the mark, and so to remain, in regard
to calorification, under the standard necessary

to the economy. Whenever the progression

of which we have spoken ceases, which liap-

pens in the course of the second winter, these

individuals begin to experience the uneasiness
which results from its deficiency. It is easy to

confirm and render manifest the justice of the

above deduction by means of a simple yet
curious ex|ieriment. If a person having wan|i
hands will keep one plunged for some time in

water near the freezing point, it becomes chilled

of course, but reaction will be observed soon to

take place, and the hand will become red. If it

be now taken out of the water and wiped dry,

the individual being all the while in a cool at-

mosphere, at 10°orl2°c., the hand will by-aiid-

by begin to glow, and the feeling in it will be
that of a temperature considerably above the

heat of the other hand ;—judging by the feeling

alone tlie hand seems hotter than the other ; tried

by the thermometer however, it will be found
to be cooler : or if it be applied to the other, it

will at once be discovered to be below the tem-
perature of the hand that was not chilled.

Let us follow the effects upon common sen-

sation produced by a change of climate of an
opposite kind. When the inhabitants of colil

countries visit the hotter regions of the globe,
how do they contrive to endure the heat m the

first instance? Experience has often shown that

when they are of the same race, they endure it

at first with even greater ease than the natives

themselves, and that they brave with greater

hanlihood and less suffering the utmost ardour
of the sun. This capacity of resistance, how-
ever, has its term, and those who possess it
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gradually lose it, as has been shown in a
former passage of this article. The native of
the colder clime is more robust, and his nervous
system, less impressible, resists painful sensa-
tions in a s^reater degree, and is not over-

whelmed by the first etfects of noxious influ-

ences. This conclusion is also susceptible of
demonstration by the way of direct experiment.
If during summer a frog be completely im-
mersed in a small quantity of water at the ordi-

nary temperature of this season of the year,

and the same experiment be repealed during
winter with water heated to the summer pitch,

the animal will live much longer in the latter

than in tlie former instance. Tlie nervous sys-
tem of the animal, by the continued action of
the cold of the autumn and winter, has been
Tendered much more capable of resisting noxi-
ous influences, as we have had occasion to see
already. It is on the same principle that the
Finlander, according to the account of Acerbi,
can endure a bath at a much higher tempera-
ture than it could be borne by a native of a
warm or more temperate climate.

Effects op vauious othf.r causes Of modi-
fication IS EXTERNAL AGENTS.

The effects of external heat and cold on the
sensations and on the system in general are not
ahogether dependent on degrees of temi)ei'ature.

Even at the same degree atmospheric effects

are often very different, being principally influ-

enced by the state of dryness or moisture, and
by that of motion or rest, of the air. Speaking
generally, media exert modifying influences
other than those comprised in their tempera-
ture upon the phenomena of animal heat. Eva-
poration is a powerful cause of cooling, which
increases in the same measure as the evapora-
tion. In the summer season, consequently,
during a state of the weather in which the
temperature is the same, but the hygrome-
tric condition different, the heat of the body
will be higher in moist than in dry air. In the
same way we observe all the effects of excessive
temperature upon the body to be much more
intense with a moist than with a dry atmo-
sphere. Intheclimate of northern France orEng-
land it would be impossible to stand a vapour-
bath at a temperature between 40° and 50° c.

(104° to 122° 1-'.) for more than ten or twelve
rninutes ; but with a perfectly dry state of the
air it is jiossible to bear a temperature twice, or
more than twice as high during the same space
of time. M. Delaroche found that he could
not remain in a vapour-bath raised in the
course of eight minutes from 37°.5 to rj\°,'25c.

(100° to 125° F.) for more than ten minutes
and a half, although the bith fell one degree.
JNI. Herger was compelled to make his escape
within twelve minutes and a half from a vapour-
bath the temperature of which had ri.sen ra-

pidly from 41°,25 to 53°,7f<c. (106°to 129°F.).
Iloih of these experimenters felt themselves
become weak and unstable on their legs, and
were aflTected with vertigo, thirst, &c. The
weakness and thirst continued through the

remainder of tlic day. But in the course of

Dr. Dobson's experiments, a young man con-

tinued for twenty minutes in a dry-air stove,

the temperature of which was 98°,88 c.

(210° F.), within a degree or two, conse-

quently, of the ordinary boiling temperature
of water. His pulse, which usually beat 75
times in a minute, now beat 164 times.

This, however, is by no means the degree

of heat that can be and that has been en-

dured. M. Berger for five minutes bore a
temperature of 109°,48c. ; and Sir Charles

Blagdeii went still further, having exposed his

body during eight minutes to the contact of
dry air heated up to the extraordinary pitch

o( 115°,55 and 127°,7c. (240° and 260'' F.).

In assigning 40° or 50° c. (104° or 122° F.)
for the limits of moist temperature that can
be borne by the inhabitants of these coun-
tries, we are perfectly aware that in other lati-

tudes it can be greatly exceeded. Thus Acerbi,
in his journey to the North Cape, informs us

that the Finnish peasantry remain for half an
hour or more in a vapour-bath, the temperature
of which finally rises to 70° and even 75° c.

(158° and 167° F.). We have already given

tlie reason of this difl'erence of constitution.

Experimental philosophers have not yet tried

the precise comparative cooling eftectii of dry
air and of watery vapour ; but all are agreed
that the powers of the moist atmosphere are by
far the most considerable. To measure the

comparative effects upon the economy the fol-

lowing experiments were instituted. In equal
spaces, the one filled with air at the point of
extreme humidity, the other with extremely dry

air, were placed young birds of the same age,

which were as yet incapable of maintaining

their temperature at its proper height when
taken out of the nest. It was found that they

lost temperature nearly in the same propor-

tion in the same space of time when the air

was either at the point of extreme humidity
or of great dryness. Therefore moist air tends

to cool at least as much as dry air by evapora-
tion. It cools both by the abstraction of heat
and by its action on the nervous system. Its

action on the nervous system is of a debilitating

nature, and therefore tends to diminish the
power of generating heat. The senmtion of
cold was evidently greater in the moist air, as

was shown by the shivering of the animal.
There can be no doubt that the action of
vapour in this case is complicated by a physi-

cal influence in the one instance, and by a pecu-
liar physiological effect on the nervous system
in the other ; for it is well ascertained that water,

as contrasted with air, has a debilitating effect

upon the economy. General experience comes
in support of these results ; men have ever

agreed that moist and cold slates of the atmo-
sphere and humid and cold climates were more
difficult to bo borne than those of an opposite

character. Such climes in fact are in them-
selves extremely insalubrious. By their )iecu-

liar efll-cts on tlie economy they tend greatly to

lessen the power of producing heat, and they

also engender intermittent fevers, among other

morbid conditions. According to the state of
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llie economy and the degree of the external

teitiperatiiie, walery vapour tends to refrigerate

still more in winter, and to add to the heat in

summer.
The state of tlie atmosphere in regard to

motion or rest modifies to a great extent the

eftecls of a given tem(jerature upon the body.
Refrigeration by simple contact increases in

amount with llie rate of motion of the air. The
same law holds good in regard to evaporation,

and indeed this process always complicates the

results proceeding from simple contact. The
cause of refrigeration in this case is consequently
double. It is easy, therefore, to imagine how
powerful a cause of cooling a cold wind must
be. lUit observation can alone give any ade-
quate idea of the extent of its influence in this

respect. Mr. J'isher, one of the sui'geons in

the expedition under the command of Sir

Kdwaru Parry to tlie Polar Seas, has given us
an account of its extraordinary effects. In the

frozen regions around the arctic circle, the

hardy voyagers under Capt. Sir E. Parry found
that they could stand a cold adequate to freeze

mercury when the air was perfectly calm, much
more easily than a temperature nearly 50° F.
liigher when it blew. The air in motion in

tills case, therefore, produced a sensation of
cold that was equal to such a depression of

temijcrature as is indicated by a fall of 50° of
the scale of F.—a most prodigious difference.

Sudden transitions of temperature also exert

a great influence independently of any limits
;

in the first place, because the iotenseness of

the sensation of cold or of heat is in propor-

tion to the suddenness of the abstraction, or of

the communication of heat ; and again, be-

cause the faculty of adaptation to different

degrees of external temperature is not acquired

all at once, but is only attained in a certain

lapse of time, and by gradual modifications

in the constitution. We therefore see that

those countries of which the temperature is

very high in the day, but very low in the night,

are subject to diseases that seem to belong

more peculiarly to cold and moist latitudes,

or to marshy lands where malaria prevails.

But the transition from hot to cold is not

limited to the suddenness of the thermal de-

pression ; it extends to the refrigeration by the

action of the wind. This is another among
the many reasons why in the latitudes of Eng-
land, France, &c. spring is a more dangerous
season than autumn. There are, however, cer-

tain cases of sudden transition that are useful

and salutary, as for inslance,when the heat of the

body is excessive, and is doing mischief, whe-
ther it be induced by an elevated external

temperature, or proceeds from the violent and
involunliiry action of our organs. Then re-

frigeration even of the most sudden kind, |)ro-

vided it be restrained within proper limits,

becomes beneficial. It is tlius that the

affusion of cold water produces such excellent

effects in cases of extreme excitement, and
where the temperature is really above the

natural standard. This process is even to be
regarded as one of the nust brilliant tri-

umphs uf modern medicine. It is much to

be regretted that recourse is not had to it more

fieqiieiilly. It is evident tliat the proper time

for the use of this powerful means is that in

which congestion has not yet passed into ob-

stinate engorjiement, that is to say, in the

beginning of tlie disease, in which by allaying

excitement congestion is diminished. The
favourable moment for using the cold affusion is

tliat in which the skm is hot and dry, which

is also the period of the highest excitation.

The experiments upon the effects of batl)!i,

quoted above, tend also to show the propriety of

the practice ; inciting these, we mentioned that

the diminution of temperature produced in the

body lasted for hours, and that the reaction

consequent upon the use of the bath did not

carry the temperature higher than the pitch it

possessed at starting. It is obvious that the

effects of the cold affusion are to be derived

from the principles previously e.stablished

;

since we have referred the production of heat

to two general conditions of the economy,

one of which is the state of the nervous sys-

tem. Now the affusion of cold water acts

directly upon this system. There is another

powerful method of tempering animal heat,

which flows from the other general condition,

upon which the production of heat depends,

VIZ. the state of the blood. We have seen

above that the respective proportions of the

serous mass of the blood and of its red glo-

bules exert an important influence; that in

the class of vertebrate animals which produce
smaller quantities of heat, the projiortioii of
the serum was in the inverse ratio of the

faculty of calorification. Whence it follows,

that in cases of excessive heat of body, to

reduce the quantity of red globules would
prove an effectual mode of reducing the tem-
perature. Now this is precisely what is done
Dy bloodletting. The eflect, however, in this

way is not instantaneous. The first influence

of bloodletting is simply to lessen the quan-
tity of the blood, and this is the extent to

which ideas of the influence of the abstraction

of blood are generally confined. There is,

however, a consecutive influence, which is at

the least as important, and which proves much
more lasting. As the person who has been let

blood confines himself at the same time to

low diet, and principally to liquids, it is obvious

that the blood is recruited in its quantity

principally by additions of watery particles,

without any notable or even sensible addition

of globules. The blood is therefore altered

essentially in its constitution ; the proportion

of its component fluid and solid elements is

changed, and this in direct proportion to the

extent and frequency of the vene-ections. Tlie

consequence of this is a diminution of tempe-
rature, unless other causes oppose such an ef-

fect.

Bloodletting, it must be observed, is not the

sole means of accomplishing such a change in

the constitution of the blood. We can pro-

duce a similar effect by exciting one or all of
the secretions which are thrown of!' by the

body. Secretion is performed at the cost of

the blood, which supplies both of its elements
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—the solid and the fluid part. The more
the secretion eliminated abounds in solid parts

or matters formed at tlie cost of the solid

constituents of the blood, the more is the

blood impoverished in these elements—the

more is its mass of globules diminished.

Absorption then begins, as in the preceding

case, to make up the quantity of circulating

fluid ; and if this faculty have only Huids to

work upon, it is evident that, as in the case of

bloodletting, the blood will become more serous

than before. The perspiration and the alvine

secretions act in this manner, and nature

makes use of these, especially of the former,

to temper the burning heat of paroxysms of
fever. Art but imitates nature in die treat-

ment of acute diseases ; she strives to procure

action of the skin, and especially action of

the bowels. The use of diaphoretics and pur-

gatives is therefore plainly borne out by the

principles which have been laid down. The
alvine secretions are those especially that carry

off the largest proportion of solid matters from
the blood, and which therefore, when excited,

prove the most permanently efficient in keep-

ing down the tem()erature of the body. There
is another impoitant reason for preferring the

intestinal canal to the skin as the means, in

the generality of instances, of reducing tem-
perature in the treatment of disease, which
ought not to be lost sight of : tliis is, that

we can excite the intestinal evacuations to a
great extent without arousing the circulating

system in almost any degree ; very difiierent

from what occurs when we attempt to unload
the vessels by the way of the cutaneous exha-

lants, in which it is generally impossible to

produce abundant diaphoresis without arous-

ing the heart and arteries to unwonted action

as a preliminary. Purgative medicines, there-

fore, next to the direct abstraction of blood,

are the most potent means of tempering the

heat of the body by modifying the consti-

tution of the blood. Nothing that influences

the economy can have an eflfect in one direc-

tion only. It were foreign to our purpose,

however, to enter upon any other than that

which bears immediately upon our subject.

There is another natural process analogous

in its eflects, which the preceding consider-

ations place in a new point of view. This

is the influence of diet and regimen. Low
diet does not act merely in preventing the ex-

citement which always follows lire ingestion of

solid food ; it further alters tlie constitution of

the blood. This fluid, receiving a more^scanty

supply of solid matters, continues nevertheless

to supply the natural secretions as before, and

consequently very speedily undergoes by this

alone a diminution in the proportion of its

globules, in the direct ratio of the duration of

the system of spare diet. Low diet is there-

fore a means which acts in tlie same way as

bloodletting and purging, wiUi this diflerence

however, that it is slower in its oiieration, and
in the first instance less marked in its effects.

This, therefore, is the slowest and least efficaci-

ous of the immediate means of reducing tem-

perature when employed alone, although its

conjunction is indispensable to the success of

any of the others.

Of all these means, one only is the proper

effect of art, namely, the application of cold ;

the others are processes of the same nutura

medkatrir, and processes which we merely

imitate. These act directly in modifying the

constitution of the blood, and thus definitively

influence the nervous system. The other

exerts its influence directly on the nervous

system, in calming the excitement or violent

action which it has engendered in the sangui-

ferous system, and those that depend on it.

The application of heat becomes necessary

in morbid states the reverse of those that

have just been discussed. The proper employ-

ment of this means depends especially on

two general principles bearing upon animal

heat, which we have considered above. 1st,

The one is, that the economy has the capacity

of bearing heat in the same proportion as

the function of respiration is extended. In

those cases in which this function is limited,

or,what comes to the same thing, where any part

that requires an accession of heat is indiffer-

ently supplied with arterial blood, it is neces-

sary to be extremely cautious in its applica-

tion. 2nd, The other, that tlie eflects of ex-

ternal heat are not confined to the simple

interval during which it is applied, but remain

after it has been removed, and even increase

the faculty of producing heat. The applica-

tion of warmth is therefore not merely pallia-

tive or supplementary of lost heat; it has

further a directly remedial influence, which

may even be excited in excess. When the

lesion of the calorific faculty has been great,

without much or any organic lesion, other

means of greater force than those usually re-

sorted to by art, or employed by nature in

such circumstances, must be called in to assist.

Art has happily discovered wliat seems the

most effectual means of winding up the

nervous system, and enabling the calorific

faculty to lie re-established in its normal con-

dition. This means is quinia, tlie first of

tonics. This powerful medicine is conse-

quently never administered in acute diseases

until all violence of action has ceased, and

the functions have resumed their liabitual

rythm. We find that the action of this

medicine is exerted directly upon the nervous

system from this, that it seems to have no

effiict on the secretions, or when it does in-

fluence these, we are convinced by the tri-

fling amount of the effect, that it is not through

them that the cure is accomplished. As it

acts during the intermission, by restoring the

normal production of heat, we have no reason

to expect the phenomena which characterize

the fit—the shivering, &c. ; and then the vio-

lent reaction which we have in the hot stage

becomes useless, and in fact is no longer ob-

served.

Confirmation of the general results.

We have thus passed in review the principal

phenomena of animal heat, reducing or ap-

proximating these at all limes to the most
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simple conditions. These conditions them-
selves arc, in ttie first place, assumed from
coiuparisuns uf ttie organization of the two
(jrand groups or series into which tlie animal
kingdom is divided with reference to heat

—

the cold-blooded animals, and the warm-
blooded animals. In this review we have
avoided all hypothesis, confining ourselves to

the severe method of deduction, always starting

from well-authenticated facts, and even con-
firming each step in advance by new data

equally indisputable. The harmony which
reigns in this comprehensive whole, which
embraces the different classes of animals and
man, not only in the various modifications of
health, but even of disease, in their relation

to external agents, and the therapeutic pro-

cesses of nature and of art, afford the surest

fonfirtnation of the reality of these relations.

As the phenomena of animal heat are re-

ferable to two general conditions of the eco-
nomy,—the state of the blood and that of
the nervous system ; and iis we have only in

the first instance deduced these from the com-
parison of natural facts, although we have
confirmed them by new observations and par-
ticular experiments, one may be desirous of
seeing them confirmed by experiments of a
more general bearing. To the reasonableness

of this wish we yield assent the more willingly,

as the results we have to quote arc deductions
from some of the most admirable researches

that have been instituted by physiologists ;

—

I allude to the enquiries of I^gallois, Sir

Uenjamin Hrodie, and Dr. Chossat.

The first of these experimenters, by the em-
ployment of various means for impeding re-

spiration, or limiting the consumption of air,

found that the refrigeration of animals it in

the compound ratio of the difiiciiUy experienced
in breathing and of the quantity t>f oxi/gen con-
sumed ; so that when, in two experiments, the

difficulty of breathing is the same, the greatest
extent of cooling ocntrs in that in which the
smallest (juanlily of oxygen is vitiated, and the
contrary. Now, the end of the process of
rcsi)inition being; to change the venous into

arterial blood, this conclusion of Legallois con-
firms directly the one of the two principal
conditions

—

the state of tii e bloou, which we
have laid down as influencing the production
of heat among animals, and to the knowledge
of which we had attained by induction.

Tlie results of the direct experiments which
we have still to quote also come powerfully
in aid of our inferences concerning the other
principal condition, which we have assumed
from induction, influencing the ])roduction of
animal heat: this is the state or action of
THE NEllVOUS system.

Sir U. Brodie demonstrated by a series of
the most ingeniously conceived and happily
executed exi)eriments, that when animals were
decapitated and respiration was kept up by
artificial means, so that the blood circulated
as usual, and the process of change from the
venous to the arterial state went on uninter-
ruptedly, the oixlinary quantity of carbonic
acid being eliminated, all the while, that, ne-

vertheless, the temperature fell rapidly, even

more rapidly tliaii when no artificial respiration

was maintained.

Dr. Chossat completed these researches upon
the nervous system in its relations with the

production of heat, by demonstrating in a

series of experiments the following very im-

portant fact, viz. that the depression of animal

heat is constantly in relation with lesions of
the nervous system, whether these lesions im-

plicate the cerebrospinal system, or the system

of the great sympathetic.

We necessarily confine ourselves, in alluding

to these admirable researches, to the most
general results, and the conclusions flowing

most immediately from the experiments insti-

tuted. We reserve a more particular mention

of them for the proper place, namely, the

article on Respiration, to which we beg to

refer. With regard to the opinions of writers

generally, we shall be content to observe here,

that tliey have for the most part regarded tlic

single physiological condition which was the

subject of their particular study as the only

source of animal heat. The general result of

their united labours, however, is, that there

are two principal sources, the one depending

on the arterial blood, the other on the energy

of the nervous system,—a conclusion to which

we have come by another way, by combining

all the known facts that bear upon animal heat,

and embracing the manifestations presented by
the whole of the animal kingdom as well as

the isolated phenomena exhibited by man, and
this not in one but in every condition of ex-

istence, not only in the state of health but of

disease likewise, not as beings independent of

all things around them, but as living in intimate

relationship with external agents.

Op the physical cause of animal beat.
With regard to the physical caust of animal

heat, or to its mode of production, there was

a time, which we have not yet left very fat

behind us, when natural philosophers and
chemists imagined they possessed the secret,

especially with reference to the mineral king-

dom. They have now discovered their mis-

take ; and as the evolution of heat is a mystery

to them, it is not to be expected that it is less

so to physiologists, as manifested in the do-

main which they cultivate in peculiar. Tlie

problem, in fact, becomes immensely com-
plicatetl by a variety of phenomena when from

the inorganic we ascend to the organic world.

All tliat could be done has been accomplished ;

from the particular conditions of organization

and of function upon which this effect

seemed to de|)end, physiologists have risen to

those that were the most general and com-
prehensive. This, in fact, was the end we
proposed in commencing this article. That

nothing may be omitted which can make the

sketch more complete, and none of the great

inquiries which have had animal heat for their

object may be passed over in silence, we shall

briefly cite the more important of those in

which the mode of production of animal heat

is discussed, always reserving to ourselves the
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opportunity of treating several of these more
fully in our article on Respiration.

Lavoisier, from his labours on combustion,

wliich laid the foundation of the chemical

doctrines of the age that has just elapsed,

conceived the ingenious idea of explaining the

phenomena of animal heat by the combustion
of the carbon and hydrogen of the blood by
the oxygen of the air in the process of respi-

ration, and the experiments which he instituted

upon this point along with the illustrious La
Place appeared to confirm his idea. Still it

was found impossible to give an account of the

production of the whole heat engendered by
animals. All that Lavoisier and La Place in-

ferred was, that the heat evolved by an animal

was almost entirely produced by the combus-
tion which occurs in respiration. As the calo-

rific power was measured in one animal, and
the consumption of oxygen in another, it is

evident that the inference, vitiated in its ele-

ments, became much less precise than it would
otherwise have been.

This consideration as well as others induced

M. Dulong, who is as well versed in mecha-
nical philosophy as in chemistry, to take up
this subject again. After numerous experi-

ments, conducted with every precaution that

could secure accuracy of result, he found that

tlie heat disengaged by the fixation of the

oxygen in the act of respiration was not equal

to the whole of that which was produced by
an animal. This inquiry (which however stood

in no need of confinnation) has been con-

firmed by the analogous inquiries of M. De-
spretz, who arrived at the same numerical

results. The hypothesis in question, there-

fore, gives no solution of the problem.
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HERMAPHRODITISM, orHERMAPURO-
DISM ;

' Hermaplirodisiu; androgi/nisme, jii/nan-

drisme ; henmiphroditisme, &c., of the French ;

crmuphrodismo of the Italians ; Zwitterbildung

of the Germans, &c.

Many diflijreiit definitions of hermaphro-
ditism, and almost an equal number of ditte-

rent classifications of the malformations usu-

ally comprehended under it, have been propo.sed

by the various authors, ancient and modern,
who have directed their attention to this sub-

ject. Without stopping to discuss the merits

or errors of these definitions and classifications,

and without inquiring, as some have done,

into the pro))riety of the word itself, we shall

content ourselves with stating that under it, as

a convenient generic term, we purpose in the

present article to include an account—1st, of

some varieties of malformation in which the

genital organs and general sexual configura-

tion of one sex approach, from imperfect or ab-

normal developeinent, to those of the opposite
;

and 2d, of other varieties of malformation, in

which there actually coexist upon the body of

the same individual inore or fewer of the geni-

tal organs and distinctive sexual characters

both of the male and female.

To separate from one another, by as strong a
line as possible, the two distinct varieties of

hermaphroditic malformation marked out in

this definition, we shall divide hermaphroditic

malformations, considered as a class, into the

two orders of Spurious and True ; the spurious

comprehending such malformations of the

genital organs of one sex as make these organs

approximate in appearance and form to those

of the opposite sexual type ; and the order,

again, of true hermaphroditism including

under it all cases in which there is an actual

mixture or blending together, upon the same
individual, of more or fewer of both the male
and female organs.

Spurious hermaphroditism may occur either

in the male or female ; that is, there may, from

malformation of the external sexual organ, be

an appearance of hermaphroditism in persons

actually of the female sex, or from a similar

cause there may be an appearance of herma-

phroditism in persons actually of the male sex.

Tlie ditierences derived from the diversity of

sex in which spurious herma|)hrodilism occurs,

and the particular varieties of malformation in

each sex which may give rise to it, will serve as

* From the well-known mythological fable of

the union into one, of the bodies of Hermaphro.
ditos (the son of Ep^n;, Mcntirl/, and AiJ>foJiTtj,

V<'«(M,) and (he nymph Salmacis. See Ovid's Me-
tamorphoses, lib. iv. tab. 8.
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bases on which we shall found some further

subdivisions of this order.

True hermaphroditism, as above defined,

comprehends also, as shall be afterwards more
particularly shewn, several very distinct varieties

of malformation. If we conceive for a mo-
ment all the reproductive organs to be placed

on a vertical plane, (as we may suppose them
to be, though not with strict correctness, in the

human body when in the erect posture,) we
shall find that the principal of these varieties

may be all referred to three sets of cases :

—

1st, those in which, if we drew a vertical

median line through this supposed plane, the

two lateral halves will be seen to present organs

differing in this respect, that tliey belong to

opposite sexual types ; id, others in which,

if we bisect the same plane by a transverse

horizontal line, there exist organs of a different

sex in the upper from what are present in the

lower segment ; or, in other words, the internal

genital organs belong to one sex, and the ex-

ternal to another. I n the two preceding classes

of cases tliere is not necessarily, as we shall

afterwards more fully point out, any malforma-

tion by duplicity in the sexual apparatus of the

malformed individual ; there is only one set of

sexual organs present, but in some parts these

organs are formed upon the male, and in others

upon the female type. In the 3d and re-

maining set of cases, however, there is really

present to a greater or less, though most gene-

rally only to a very partial extent, a double set

of sexual organs, having opposite sexual cha-

racters, so tliat upon the same body, and usu-
ally upon the same side, or upon the same
vertical line in our supposed plane, we find

coexisting two or more of^ the analogous organs

of the two sexes. In accordance with this

view, we shall consider the cases of true her-

maphroditic malformation under the three

corresponding divisions of, 1st, lateral; 2d,

tranxverse ; and 3d, vertical, or, more properly,

double or complex hermaphroditism ; and each
of these genera will admit of some further

convenient subdivisions. But the mode in

which we propose to classify and consider the

subject will probably be at once more accurately

gathered from the following table, than from
any more lengthened remarks upon it in the

present place.

Hermaphroditism *

Classification of hermaphroditic malformations.

c From excessive development of the clitoris,

In the Female < &c.

C From prolapsus of the uterus.

Spurious

In the Male.

rLateral.

True

Transverse

Vertical or

Double .

.

In commenting upon and illustrating the

different varieties of hermaphroditism in the

particular order in which they are placed in the

above table, we shall, we believe, by following

that order, be able to take a graduated, and, at

the same time, a correct and comprehensive
view of the subject, beginning with the more
simple, and ending with the more complex and
complete species of hermaphroditic malforma-
tion, as seen in the primary sexual characters,

or the structure of the genital parts themselves.

We shall then consider at some length the

curious and important physiological subject of
hermaphroditism as manifested in the secondary
sexual characters of the system. After having
done so, we shall endeavour to show how far

C From extroversion of the urinary bladder.

? From adhesion of the penis to the scrotum.

t From hypospadia fissure of the urethra, &c.

f Testis on the right, and ovary on the left

J side.

\ Testis on the lefl, and ovary on the right
' side.

!
External sexual organs female, internal male.
External sexual organs male, internal female.

-Ovaries and an imperfect uterus with male
vesiculx seminales, and rudiments of vasa

deferentia.

Testicles, vasa deferentia, and vesiculae SB-

'S minales, with an imperfect female uterus
and its appendages.

Ovaries and testicles coexisting on one or
both sides, &c.

the diversified forms of hermaphroditic malfor-
mation can be explained upon our present

knowledge of the laws of developement
; point

out the actual anatomical and physiological

degree of sexual duplicity which is liable to

occur, and the numerous fallacies with which
the determination of this question in individual

cases is surrounded ; and lastly, in conclu-
sion, we shall offer some general observations

upon the causes, &c., of this class of abnor-

mal formations.

I. SPURIOUS nERMAPBBODITISM.
A. In the female.—There aretwo circumstances

in the conformation of the genital organs of the

female, the existence of each of which has oc-
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casionally given rise lo doubts and errors with

regard to the true sex of tlie individual on
whom they were found—namely, 1st, a pre-

ternalurally large size of the clitoris ; and 2d,

a prolapsus of the uterus; the enlarged cli-

toris in the one case, and the protruded ute-

rus in the other, having been rejieatedly mis-

taken for the male j)enis.

1. Abnormal dcvelnpement or magnitude of
the clitoris.—In the earlier months of intra-

uterine life, the clitoris of the human female is

nearly, if not altogether, equal in size to the

penis of the male fretus ; and at birth it is

still relatively of very considerable dimensions.

From that period, liowever, it ceases to grow in an
equal ratio with the other external genital parts,

so that at puberty it is, as a general law, found

not to exceed six or eight lines in length.

But in some exceptional instances the cli-

toris is observed to retain up to adult

age more or less of that greater pro-

portionate degree of developement which
It presented in the embryo of the third

and fourth month, thus exhibiting in a per-

sistent form the transitory type of structure

belonging to the earlier stages of foetal life.

In some instances where this occurs, the re-

semblance of the external female to the exter-

nal male parts is occasionally considerably in-

creased by the apparent absence of the nymphae.
Osiander* endeavoured to show that at the

third or fourth month of foetal life the nymphae
are very imperfect, and so very small as not to

be easily observed. Meckel,f however, has

pointed out that these organs are not in reality

of a small size at that time, but they are liable

to escape observation from the folds of skin of

which they consist, making, at the period

alluded to, a perfectly continuous membrane
with the prepuce of the clitoris, and forming

indeed, in their origin, only one common mass
with this latter body. When the ulterior

changes, therefore, which these parts ought to

undergo in the naturalcourse of developement
in the latter stages of foetal existence, are sus-

pended or arrested from about the end of the

third month, there may not only coexist with

the enlarged clitoris an apparent want of nym-
phae, but the resemblance of the female to the

male parts may be still further increased by the

persistance of the original intimate connexion

of the nyraphffi with the prepuce and body of

the clitoris, and by the consequently continuous

coating of integuments, as well as the greater

size and firmness of this organ.

Excessive size of the clitoris would seem to

be much less common among the natives of

cold and temperate than among those of warm
countries. The frequency of it in the climate

of Arabia may be surmised from the fact of

directions having been left by Albucasis and

other surgeons of that country for the amputa-

tion of the organ ; an operation which TEtius

and Pdulus Eginetus describe as practised

among the Egyptians. According to the more

• Abhandlungcn iiber die Scheideuklappe, in

Cenkwardigkeiten fur die Heilkundc, Bd. ii. p. 4-6.

t Manuel d'Anat. Gen. torn. iii. p. 666.

modem observations of Niebuhr* and Son-

nini,f circumcision would seem to be still

practised upon the females of that country.

This variety of conformation of the female

parts appears to have lieen well known to the

ancient Greeks, and several of their authors

have mentioned the women so constituted

under the names of Tfi/SaJijand iTaips-rpiai,

a class in which the celebrated poetess Sappho
(masculn Sappho) is well known to have been
included. Martial, Tertullian, and other Ro-
man authors have noticed the same malforma-

tion, (fricatrices, confricutrices,) and alluded

to the depravity to which it led.J

• Bescbreibung von Arabien, s. 77.

t Voyage dans la Haute et Basse Egypte, torn. ii.

p. 37.

t Mart. Epigr. lib. i. cp. 91. ; see also lib. viii.

ep. 66. The t'requency of this crime in ilie ancient

gentile world may be inferred from the pointed

manner in which the Apostle Paul alludes to it,

Romans, chap. i. 26. lu Greece it was in some
places forbidden by law, and in others, as in Crete,

tolerated by the state. Seneca, in his 95th cp.,

when speaking of the depravity of the women
of his own age, remarks, *' nou mutata foemina-

rum natura, sed vita est. . . . Libidine veto, ncc
maribus quidem cedunt pati natffi. Dii illas deaeque

male perdant, adeo perversum commcntae genus
impudicitiiE viros ineunt." Op. Om. Genev. lt)()5,

p. 787. Clemens .41exandrinus, in his Psedagogus,

exposes the same vice :
** et contra naturam fremi-

nae, viros agunt (avJfK^oyrrti) et nubuat et etcnim

uxores ducunt." Also Alhen;eus, Deipnosoph.

lib. xiii. p. 605. Justin Martyr, in his Second

Apology, makes a still broader accusation. This

author lived in the second century, and in declaim-

ing against the vices of that licentious age, he

alleges that multitudes of boys, females, and her-

maphrodites (androgyni ambigut sextis) *' nefandi

piaculi gralia per nationem omneni prostant." Op.
Om. Col. 1686, p. 70. See also Marcus Antoni-

nus, Do Seipso, cd. Gatakeri, Cambr. 1652, lib. iii.,

note at the end by Gataker. On the extent, among
the ancients, of the vices above alluded to, s<*e

Meiner's Geschichtc des Verfalls der Sitten und
dcr Stuatsverfassung der Roemer, Leipzig, 1791 ;

Neander's Dcnkwurdigkeiten, Bd. i. s. l"© ; Pro-

fessor Tholuck's. of Halle, Exposition of St. Paul's

Epistle to the Romans, in the Edinburgh Biblical

Cabinet, vol. v. p. 102, and in an Essay on the

licentious vices, &c., of the ancients, translated

into Robinson's American Biblical Repository, vol.

ii. p. 441. In the essay last referred to, Tholuck
incidentally mentions (p. 422,) that the deity Mi-
tra (Mithras of the ancient Persians) was herma-
phrodite. For our own part we are inclined to

believe that many of the idols of the heathenish

mythology of Asia could be traced to the deilica-

tion of various monstrosities in man and* quadru-

peds. (Sec the figures of these idols pamm in C.

Coleman's Mythology of the Hindus, Lend. 1832;
and E. Upham's History and Doctrine of Budhism,
Lond. 1829.) It perhaps is not unworthy of no-

tice that the Jewish Talmudists, taking the Hebrew
noun in the Pentateuch answering to man in it«

individual and not in its collective sense, consi-

dered, from Genesis, chap. i. v. 21, that our origi-

nal progenitor was hermaphrodite. (See Jus Tal-

mud. Cod. Erwin. c. 2 ; Heidegg. Hist. Patriarch,

t. i. 128 ; C. Bauhin De Monstrorum Natura, &c.,

lib. i. c. 24; and Arnaud's Mcmoire, p. 249.) It is

further interesting to remark that Plato, in his

Symposion, introduces Aristophanes as holding the

same opinion. " The ancient nature," he observes,

" of men was not as it now is, but very different

;

for then he wa« androgynous both in form and
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The dimensions which the clitoris occasion-

ally presents are such as to render it, in respect

of size alone, not unhke the male f«nis. It is

not unfreqnently found of two or three inches

in length, but sometimes it is seen live and six

inches long. Dr. Clark frequently found the

organ an inch long, and thick in proiiortion,

among the Ibbo and Mandingo women.*
Ilallerfand Arnaud^ have collected nume-

rous instances of preternatural size of the cli-

toris. The former author alludes, among others,

to two cases in which the organ was stated to

have been seven inches in length ; and to an-

other, mentioned by Chabart, in which it was

alleged to have been twelve inches,—a size

which we can only conceive to have been the

result of disease.

When the female clitoris is increased greatly

in size, it is not wonderful that it should be

sometimes mistaken for the male penis,—the

female organ in the Mammalia naturally differ-

ing from the male only in regard to its smaller

dimensions, its not being {)erforated by the

urethra, and its wanting the corpus spongio-

sum,—a i^cculiarity or defect of structure that

exists as the natural type of formation in the

penis of male reptiles. In the human subject

the organs are composed internally of the same
kind of erectile tissue, and when we descend in

the animal scale, and examine their relations in

the males and females of the same species, we
find some still more striking analogical peculi-

arities of structure. Thus, in several of the

Camivora and Ilodentia, as in the lioness, cat,

racoon, bear, marmot, &c. the clitoris contains

a small bone like that belonging to the penis

of the males of the same species ; and amongst
the Monotremata and Marsupiata the clitoris

of tlie female, like the penis of the male, is

surmounted by a bifid glans. In a species of

lemur (Loris gracilis or Stenops turdigru-

dus), the clitoris is of a very large size ; and
the urethra, as first pointed out by Daubenton,§

name,"(a»>foyu»iy«ai i.Joc xai ovo/.ia.) Probably from
the licentions purposes alluded to by Justin Martyr,
er from the weak anil imbecile cnaracter of her-

maphrodilc individuals, the word «»lpoyv»«t came in

latter times to signify effeminate and luxnrioua.

The ancient lexicographer Ilesychius gives it this

meaning ; and Thcodoret, in his Therap., speaks of

Bacchus as being licentious, effeminate, and an-

drogynous—(yi/nic »», xai OnXiiJpiiic, ««i «»Jpoyuv»f.

)

• Home's Comp. Anat. vol. iii. p. 317. On the

peculiarities of the external genital organs in va-

rious African tribes, sec a learned paper by Prof.

Miiller in his Archiv fner Anatomie for 1834. Ht.

iv. s. 31!)., with ample rrffrences to the observa-

tions and opinions of I^evaillant, Barrow, Pcron,

Lesner, Lichtenstein, Burchell, Somcrville, &c.

See also Otto, in bis Ncue Scltene Beobachtungcn
zur Anatomie, p. 136, shewing the very prominent
external female parts of different African tribes to

consist differently, 1, of enlarged nymphs', 2, of

enlarged labia, and 3, of the enlarged clitoris,

t Kl. Phys. tom. vii. part ii. p. 81, 82.

X Dissertation sur Ics Hermaphrodites, p. 372.

See also Homberg, De I'^xcreseenliaClitoridis nimia,

Jena, 1671 ; Tronchin, l)e Cliioride, Lugd. 1736
;

and PloHcquet's Literatura Mcdica, art. Clitoris

Magna, tom. i. p. ZW.
$ Audibcrl, Histoire Nat. des Singes, tab, ii.

8g.8.

runs forward and opens at its anterior extre-

mity between the branches of its glans, imita-

ting, in this point of structure, the penis of the

male among the Mammalia.
In the human subject the mere enlargement

of the clitoris alone has seldom of it.self given

rise to errors with regard to the sex of the indi-

vidual, except in young children ; but it lias

frequently happened that along with it other

minor malformations have coexisted, so as to

render the sexual distinction much more ambi-
guous. In women possessing this peculiarity

of structure we sometimes observe, for in-

stance, the clitoris not only resembling the

penis in size, but it has an ,indentation at the

point of the glans, imitating the orifice of the

urethra ; and occasionally the glans is actually

perforated to a certain extent backwards, or

the body of the clitoris is drilled more or less

imperfectly with a canal like that of the male
urethra. In other instances the canal and
orifice of the female vagina are, by an excess

of development in the median line of the

body, much contracted or nearly shut up, the

vulva being closed by a strong membrane or

hymen, and the labia cohering so as to give the

parts a near resemblance to the united or closed

perinxum and scrotum of the male. Further,

in one or two very rare cases which have been

put upon record, the ovaries and Fallopian

tubes seem to have descended through the in-

guinal rings into the labia, thus giving an ap-

(learance of the presence of testicles ; and a
fallacy seems to have occurred in some cases

from the presence of roundish masses of ikt

in this situation simulating more or less the

same male organs.

Besides, it often happens in tliose women
who present more or fewer of these peculiarities

of conformation in the external genital parts,

that the general or secondary sexual characters

of the female are wanting, or develoiwd in a
slighter degree than natural, owing probably

to the malformations of the external organs

being often combined with some coexisting

anomalies in those more important internal re-

productive organs, the healthy structure and
action of which at the time of puberty appear

to exercise so great an influence on the deve-

lopment of the peculiar general conformation

and moral character of the female. Thus the

features are sometimes hard, the figure and
gait rather masculine, the mamma; slightly

developed, the voice is deep-toned, and the

chin and upper lip are occasionally covered

with a quantity of hair. In fact, in some
marked cases the whole external character ap-

proaches to that of the male, or, more pro-

perly speaking, occupies a kind of neutral

ground between that of the two sexes. Some
of the more striking examples of this first va-

riety of spurious hermaphroditism in the fe-

male will sufficiently illustrate the above re-

marks.
Dr. Ramsbotham* has briefly described the

genital parts of an infant, that was christened

and looked upon as a boy, until dissection after

* Medical Gazette, xiii. p. 184.
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death shewed that the sex was actually female.

The uterus and other female opians (fig. 207,
c c cj were present and apparently naturally

Fig. 287.

formed ; but the clitoris {b) was fully as large,

and in appearance closely resembled the penis

of a male of the same age. At its anterior

extremity there was a sulcus (n), whicli was
not the entrance of the urethra, but terminated

in a cul-de-sac.

Columbus* and De Graaff give two similar

examples of tlie same form of spurious her-

maphroditism in young children, in which the

true sex was only fully ascertained by dis-

section after death. In relation to the clitoris

in the case described by Columbus, that author

states that this organ was furnished with two
muscles only, and not with four, as in the per-

fect male.

In a reputed hermaphrodite woman, Gallay|
found after death the clitoris to be three and a
half inches long, and three inches and four

lines in circumference. The glans and prepuce
were well developed. The urethra ran as in

man through the body of the penis and its

glans. The labia, nymphse, vagina, &c. were
natural, and the internal female organs, the

ovaries. Fallopian tubes, and uterus, are de-

scribed as scirrhous. This woman had been

married, but never had any children ; her ca-

tamenia, however, had been very regular. She
had a considerable quantity of hair upon her

face, and her voice was harsh and masculine.

In a child of two years of age, Sclineider,§

on dissection after death, could find neither

the labia externa nor interna, nor any trace of

the ordinary cleft between them. The clitoris

was an inch and a half long, and externally

resembled most perfectly a male penis fur-

nished with a glans and prepuce ; hut it was

imperforate, having only at its anterior extre-

mity a small spot marking the situation of the

opening of the urethra in the male. Some

• De Re Anatomica, lib. xv. p. 493.

t Op. Om. cap. iii. xv. or, De mulierum organis

gen, inserv. with a plate.

t Arnaud, I. c. p. 309.

i Jahrblicher iter Staatsarzneikundc, (1809),
a. 193.

lines below there was an opening by which
the urine was evacuated. Tliis opening formed
the entrance to the vagina, which was found of

the usual length, and will) the cliaracteristic

rugae. The canal of the urtlhra was found
entering its roof, but in such a manner that

the urine was always evacuated very slowly

and by drops only from the external opening.

All the internal female sexual organs were
natural.

M. Ijeclard* has left, us a very detailed and
interesting description of an example of spu-
rious hermapliroditism referable to the present

variety, and exhibited at Paris in 1814. The
subject of the case, Marie Madeline Lefort,

was at that time sixteen years of age. The
proportions of the trunk and members, and of

the shoulders and pelvis, and the conformation

and dimensions of this last part of the body,
were all masculine; the volume of the larynx

also, and the tone of the voice were those of

an adolescent male; a beard was appearing on
the upper lip, chin, and region of the parotids;

some hairs were growing in the areola around
the nipple ; and the mamma? were of a mode-
rate size. The inferior extremities were fur-

nished with an abundance of long hard hairs.

The symphysis pubis was elongated as in man;
the mons veneris rounded, and the labia ex-

terna were covered with hair. The clitoris was
lOJ (?) inches (27 centimetres) in length when
at rest, but somewhat more when erect; its

glans was imperforate, and covered in three-

fourths of its circumference with a mobile pre-

puce. The body of this enlarged clitoris was
furnished inferiorly with an imperfect canal,

which produced a depression in it, instead of

that prominence of this part which exists in the

male penis. This canal was pierced along its

under surface and median line by five small

holes capable of admitting a small stylet; and
one or more similar apertures seemed to exist

in it after it reached backwards within the va-

gina. The labia were narrow and short, and
the vulva or sulcus between them was superfi-

cial, being blocked up by a dense membrane,
which, under the pressure of the finger, felt as

if stretched towards the anus over a cavity. At
its anterior part, or below the clitoris, there was
an opening capable of admitting a sound of
moderate size, and this sound could be made
to pass backwards behind the membrane closing

the vulva, which, when felt between the point

of the instrument and the finger, seemed about
twice as thick as the skin. The urine was
passed by this opening, and also, according to

the report of the individual herself, through

the ciibriform holes in the canal extending

along the inferior surface of the urethra. By
the same opening the menstrual fluid escaped,

as Beclard ascertained on one occasion by per-

sonal examination. She had menstruated re-

gularly from the age of eight years, considered

herself a female, and preferred the society of

men.
In this interesting case we have present all

the secondary sexual characters of the male,

• Bulletins de la Facultc for 1815, p. 273.
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witli some of the female eenital organs deve-
loped in so excessive a degree as to ajiproach

in several points the more ])crfp(l structure of
them in man. The imi>ossibilily, however, as

mentioned by Bpclard, of Knding any bodies
like testicles in the labia or in the course of
the inguinal canals, and more particularly the
well-ascertained fact of the individual menstru-
ating, can leave no doubt as to tlie nature of
her sex. Tlie perforation of the enlarged cli-

toris with the imi)erfect urethra is interesting,

when compared with the peculiarities that we
have formerly alluded to, of this part in the
female Loris, as {Minting out, what we have so
often occasion to observe in hum<m monstrosi-
ties, a type of structure assumed by a mal-
formed organ similar to the normal type of struc-
ture of the same organ, in some of the inferior

animals.

Arnaud* has represented and described at
great length an interesting example of herma-
phroditic malformation that seems referable to
the head of spurious hermaphroditism in the
female, although there are two circumstances
in the history of the case which have led some
authors to doubt the accuracy of this opinion

;

and the opportunity that was afforded of ascer-
taining the true structure of the parts after
death was unfortunately lost through careless-
ness and neglect. The subject of the malfor-
mation, aged 35, passed in society for a female,
and came to Arnaud complaining of a small
tumour (Jig. 288, e) in the right gtoin, which

Fig. 288.

had incommoded hermuchduring herwholelife.
On examining this body, Aniaud was led to
believe that it was a testicle, and he found a
similar tumour (J') situated nearer the inguinal
ring on the left side. Tlie bags that contained
them represented very exactly the labia externa.
ITie clitoris {a) was two inches and nine lines
in length, and placed between the labia at their

upiier angle. The glans (A) was well formed,
and though imjierforaie at its extremity, it pre-
sented a small depression which ran backwards
along the whole inferior bonier of the clitoris,

indicating the situation of a collapsed urethral
canal, that seemed pervious for some length at

pi

• Diuertation sur les Hermaphrodites, p. 265,

VOL. ti.

its posterior part, as it became distended when
the patient evacuated the bladder. The ori-

fice (r), however, from which the urine actually
flowed, occupied the situation in which it exists

in the perfectly formed female. There was not
any vaginal opening, and the individual men-
struated [)er anum. At each menstrual period
a tumour ((/) always appeared in the jjerinaum,
which gradually increased in size, becoming, in
the course of three or four days, as large as a
small hen's egg. When the perinaeal tumour
had reached this size, blood began to flow
from the anus, although no hicmorrhoids or
other disease of the bowel was present. At
these periods the individual had often expe-
rienced very alarming symptoms, and in order
to avert these, Arnaud was induced to make an
opening into the soft yielding space at which
tneperinKal tumourabovealludea to appeared;
and at a considerable depth he found a cavity
two inches in circumference, and about two
and a half in breadth, having projecting into it

at one point an eminence which was supposed
from its situation to be possibly the os uteri.

At the next period the menstrual fluid came
entirely by the artificial perineal opening, and
the usual severe attendant symptoms did not
supervene. From inattention, however, to the
use of the tent, the opening was allowed to
become completely shut, so that at the sixth
return of the menses they flowed again by the
anus, and were accompanied by the old train

of severe symptoms. The individual lived for

several years afterwards. Her conformation of
body was remarkable. Her skin was rough,
thick, and swarthy; she had a soft black b^rd
on her face ; her voice was coarse and mascu-
line ; her chest narrow ; her mammce were flat

and small ; her arms lean and muscular ; her
hands large, and her fingers of very considerable
length and strength. The form, in fact, of the
upper part of her body was masculine, but in
the lower part the female conformation predo-
minated. The pelvis was wide and large, the
OS pubis very elevated, the buttocks large, the
thighs and legs round, and the feet small.

In this remarkable instance, if we do not go
so far as to conceive the coexistence of some
of the internal organs of both sexes, we must,
from the well-ascertained feet of the menstrual
evacuations, allow the person at least to have
been a female. In that case we can only sup-
pose the tumours in the labia to be the ovaries

descended info that situation ; and to the same
excess of development which has produced this

effect, we may attribute the closure of the
vaginal orifice, and the formation of the imper-
fect urethral canal in the body of the clitoris.

Spurious hermaphroditism from preternatural

enlargement of the clitoris has been recognised

among some of the lower animals. Rudolphi*
has noticed a mare of this kind tliat had a
clitoris so large as almost to shut up the en-

trance into the vagina. Lecoqf has detailed

• Hiidolphi's Bemeikungcn auf ciner Retse, &c,
Bd. i. 9. 79. 8cc a case also figured by Riiysch In

his Thesaurus Aant. lib. viii. no. 5.3.

t Journ. Piai. dc Med. V^t. 1827, p. 103.

2z
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the case of a calf which Gurlt* believes to

belong to tlie present head. Neither testicles

nor scrotum were observed externally, and the

penis or enlarged clitoris, which occupied its

normal situation, was apparently perforated by
the urethra, and crooked upwards so as to

throw the urine in that direction. Meryf
shewed by dissection the true sex of a monkey,
the length of whose clitoris had deceived some
observers with regard to the true sex of the

animal. The enlarged clitoris was furrowed

on its inferior surface. The clitoris of the

female Quadrumana is, as shall be afterwards

more particularly tnentioned, relatively larger

than in the human subject, and retains in a

greater degree the size and type of structure of
this organ in the embryo.
We may here further mention that, as pointed

out by Blumenbach,J the clitoris and orifice of

the urethra are placed at some distance from

the vagina and in front of it, in the rat, mouse,
hamster, &c. This normal structure has some-
times been mistaken for an hermaphroditic mal-

formation.§

2. From prolapsus of the uterus.—It may
at first appear strange that this occurrence

should ever lead to any difficulty in ascertain-

ing the sex of tlie individual, though not only

non-professional observers but even the most
intelligent medical men have occasionally been
so far misled by the similarity of the protruded

organ to the male penis, as to mistake a female

for a male. Of this circumstance some curious

illustrations are on record.

M. Veay, physician at Toulouse, has inserted

in the Philosophical Transactions of London,
vol. xvi. p. 282, a brief account of the case of

Marguerite Malause or Malaure, who was
entered as a female patient in the Toulouse
Hospital in 1686. Her trunk, face, &c. pre-

sented the general configuration of a female,

but in the situation of the vulva there was a
body eight inches in length when on its fullest

stretch, and resembling a perfectly formed male
penis in all respects, except in not being pro-

vided with a prepuce. Through the canal

perforating this body she was alleged to eva-

cuate her urine, and from its orifice M. Veay
had himself an opportunity of seeing the men-
strual fluid flow. After being examined by
several physicians she was pronounced to be

more male than female, and ordered by the

civil authorities to exchange the name of Mar-
guerite for that of Arnaud, and to wear male
attire. In 1693 she visited Paris in her male

habiliments, and reputed herself endowed with

the powers of both sexes. The Parisian phy-

sicians and surgeons who examined her seem all

to have accorded in opinion with the faculty of

Toulouse, until M. Saviard|l saw her and de-

tected the supposed penis to be merely the

prolapsed uterus. He reduced the proUuded
organ, and cured the patient. Upon the enigma

* Lehrbuch der Pathol. Anat. Bd. ii. s. 193.

t Hist, de I'Acad. (1686) torn. i. p. 345.

X Comp. Anal. p. 335.

i Uocbel, ia Nov. Litct. Maris Ballhici (1698),
p. 238.

U Kccucil d'Observations Chiiur^icales, p. ISO.

of her hermaphroditism being thus solved, she

was permitted by the king, at her own request,

to assume again her female name and dress.

Sir K. Home* detected a case of reputed

hermaphroditism of the same description as the

last, in a French woman of twenty-five years of

age, who exhibited herself in London, and

pretended to have the powers of a male. The
cervix uteri was uncommonly narrow, and pro-

jected several inches beyond the external open-

ing of the vagina. The everted mucous surface

of the vagina had, from constant exposure, lost

its natural appearance and resembled the ex-

ternal skin of the penis. The orifice of the os

tinea; had been mistaken for the orifice of the

urethra. The prolapsus had been observed at

an early age, and had increased as the woman
grew up.

Valentinf mentions another analogous in-

stance of sexual ambiguity produced by a

prolapsus of the uterus. In this case the

husband mistook the displaced organ for the

penis, and accused his wife of having " cum
sexu virili necquicquam commune."
A case quoted at great length by Arnaud J

from Duval, of reputed hermaphroditism in a

person that was brought up as a woman, and

married at twenty-one years of age as a male,

but who was shortly afterwards divorced and

imprisoned, and ordered again by the Court

of Rouen to assume the dress of a woman,
appears to us to belong very probably to the

present division of our subject, the reputed

penis being described as placed within the

vagina. The recorded details of the case,

however, are not so precise as to leave us with-

out doubt in regard to its real nature.

In cases such as those now mentioned, in

which the prolapsed uterus, or, more properly

speaking, the prolapsed uterus and vagina have

been mistaken for the penis, it appears proba-

ble that the neck of the uterus must have been

preternaturally long and narrow, otherwise it

would be difficult to account for the apparent

small diameter and great length of the prolapsed

organ. Among Professor Thomson's collection

of anatomical drawings of diseased structures

there is one of an uterus containing in its body
a fibro-calcareous tumour, and having a neck

of three inches in lengtli. M. Cruveilhier§

has represented a similarly diseased uterus with

a neck of between five and six inches. An
organ shaped in this manner, whether from

congenital malformation or acquired disease,

would, when prolapsed for some time, repre-

sent, we conceive, a body resembling in form

and size those observed in Saviard's and Home's

cases. The prolapsus arising from a protrusion

of an ordinary shaped uterus is generally of a

greater diameter and roundness.

This second species of spurious female her-

maphroditism is not observed among the lower

animals.

B. Spurious hermaphroditism in the male.—

• Comp. Anat. vol. iii. p. 318.

il Pandect.i; Medico-Legales, t. i. p. 38, Casus xli.

i^Mcm. sur leu Hermaphr. p. 314-18.

$^Auat. Pathol, liv, xiii.FI. iv.
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Malformed males have been more often mis-
taken for females than the reverse. Tlie varieties

of malformation in persons actually male, that

are liable to lead to mistakes with regard to

their true sex, appear to be, 1st, extrophy or

extroversion of .the urinary bladder; 2d, ad-
hesion of the inferior surface of the penis to

the scrotum ; and 3d, and principally, fissure

of the inferior part of the urethra and of the

scrotum and perina^um.

1

.

EctroversUm of the urinary bladder.—
For a full description of this malformation we
must refer to the articles Bladder and Mon-
strosity. This malformation is known to

occur more frequently in the male than in the

female, and when present in the former it has

occasionally given rise to a supposition of her-

maphroditism, the red fungous mass formed
by the mucous membrane of the protruded
posterior wall of the bladder, and situated

above the pubis, having been mistaken for the

female vulva,—an error which has probably
been tlie more readily committed from the
uterus and seminal duels, and sometimes also,

as in an instance described by A. Fraenkel,* a
part of the intestinal canal opening upon the
surface of the exposed poition of bladder. In
some instances of this malformation occurring
in man, the external male sexual organs are
vei-y imperfectly formed, or can scarcely be
said to be at all present. In other cases the
scrotum is of the natural form, with the two
testicles in it ; and the penis is of considerable
size, though almost always fissured on its upper
surface from the epispadic or open state of^the
urethra.

An example of supposed hermaphroditic
malformation briefly described by RuefTe.t
which seems referable to this variety will be
sufficient to illustrate it. " In the year 1519
«n hermaphrodite or androgynus," he remarks,
" was born at Zurich, tierfectly formed from
the umbilicus upwards, out having at this part

a red mass of flesh, beneath which were the
female genitals, and also under and in their

normal situation those of the male."
2. Adhesion of the inferior surface of the

penis to the scrotum by a band of integuments.
—This stale of parts has occasionally given
rise to ihe idea of hermaphroditism, the penis
being so bound down as not to admit of erec-
tion, and the urine passing in a direction
downwards, so as to imitate the flow of it from

Hk the female parts,

In a boy of seven years of age regarding
whom Brand J was consulted, the penis was
confined in this manner to the scrotum by
abnormal adhesions, lie had been baptized
and reared as a girl, but by a slight incision

the adherent organ was liberated, and the
parents were convinced of the mistake that they
nad committed in regard to the sex of their

child. The difficulty of detennining the true

• Dc Organoram Genenlioois Dcfarm. Rarissi-
ma, Berlin, 18'25, with a platp.

t De Conri'ptu el Gencratione Iloininis, p. 44.
t Case of a boy who had bcco mistaken for a

girl. Loudoo, 17B8.

sex of the boy was increased by the tetlicles

not having descended into the scrotum.

Wrisberg* mentions two similar instances

in persons of the respective ages of nineteen

and forty-six. He relieved the adherent penis

in the first case by operation.

3. Fissure qf the inferior part of the ure-

thra, perinaum, Sfc.—This species of mal-
formation, which has perhaps more frequently

than any other given rise to the idea of the

person affected with it being the subject of

hermaphroditism, evidently consists in an arrest

of the development of the external male sexual

parts.

At an early stage of the development of tlie

embryo, the various central sexual organs are,

like all the other single organs situated on the

median line of the body, found to be composed
of two separate and similar halves, divided

from each other by a vertical fissure, which,

after the originally blind extremity of the intes-

tinal canal has opened upon the perinajum,

forms a common aperture or cloaca for the

intestinal canal, and also for the urinary and
genital apparatus, both of which are, in their

primary origin, prolongations from the lower

part of that canal. After a time, (about the

second month in the human embryo,) the

opposite sides of this cloaca gradually approxi-

mate, and throw out two corresponding folds,

which by their union constitute a septum that

separates the rectum from the canal or portion

of the fissure, that still remains common to

the urinary and generative organs ; and, in the

same way, by two similar and more anterior

folds, the urethra of the female, and the pelvic

portion of that of the male is subsequently

produced. After this in the female the prtx;ess

of median reunion does not proceed further,

and the primary perineal fissure remains, form-

ing the vulva ana vagina. In the male, how-
ever, the development, when normal, goes on
to a greater extent, and the sides of the opening
become so far united as ultimately to leave only

the comparatively contracted canal of the urethra

to serve as a common passage for both the

internal urinary and genital organs; and the

situation of the line of junction of the opposite

sides of tlie original perineal cleft remains still

marked out in the adult, by the raph6 existing

in the median line of the scrotum. The two
lateral parts of the female clitoris unite together

into one solid body, having on its under sur-

face a slight groove or channel, indicative of

the line of conjunction of its two component
parts ; and the urethra is left to open at the

root of this imperforated organ. In the male,

on the contrary, the two primitive halves of

the penis, consolidated together at an early

stage along the course of tlieir upper surfaces,

come, in the progress of development, to unite

inferiorly in such a manner with one another as

to form a tubular prolongation of the pelvic

portion of the canal of the urethra, which is

gradually extended forwards along the body of

the penis and ultimately through its glans.

Many of the malformations to which the

* Comment. Med. jic, .Irg. p. S34.

2 z 2
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male genital organs are liable may be traced to

stoppages in tlie above process of development,
the character of the malformation depending
upon the period of tlie development at which
the ai'rest takes place, and varying consequently
in degree from the existence of a cloaca or

permanent primitive fissure common to the

intestinal, urinary, and generative organs,* to

that want of closure, to a greater or less extent

in different instances, of the inferior surface of
the canal of the urethra in the body of the

penis, or in its glans, which is generally known
under the name of hi/pospadias. When the

development of the male organs is arrested,

immediately after the two septa respectively

separating the canals of the intestine and urethra

from the original perina-al cleft are formed,
and consequently wlien this perina;al fissure

and that running along the inferior surface of
the penis are still open, the external genital

parts often come to present at birth, and during
the continuance of life, a striking resemblance
to the conformation of the external organs of
the female, and the resemblance is frequently

rendered gieater by the coexistence of other

malformations of the male organs. In these

cases the imperfect and undeveloped penis is

generally of small size, and, at the same time,

from being imperforate, may readily be mis-
taken for the clitoris; the two halves of the
divided scrotum have the appearance of the
two labia externa; the two labia externa or
nymphse are sometimes represented by the

lateral divisions of the penis forming two folds,

which run backwarks along the internal surfaces

of the split scrotum; and the cleft in the
perinseura corresponds in situation and direc-
tion, and occasionally also in size and form,
with the canal of the vagina; this cleft is

generally lined also by a red mucous membrane
that is kept, like the natural female parts, con-
stantly moistened by the secretions of the
follicles with which it is provided; its mucous
membrane occasionally presents irregular eleva-
tions imperfectly representing the caruncula;
myrtiformes; and, finther, the opening of the
urethra at the root of the diminutive and im-
perforate penis serves still more to assimilate

the malformed parts to the natural conformation
of the female organs. In a number of cases,

however, tlie apparent analogy to the female
parts is rendered less striking by the perina;al

cleft being small or altogether absent, the
urethral orifice at the root of the penis often

forming the only opening leading to the internal

urinary and generative parts, and the halves of
the scrotum in such instances being frequently

more or less perfectly united. Generally the
seminal ducts, and sometimes also the ducts of
Cowper's glands, are seen opening on the
surface of the urethra or supposed vaginal

canal, at a short distance from its external

orifice.

In males malformed in the manner described,

the testicles are seldom found in the divided

• See on tliis malformation in the human subject
(tlic normal form ot structure in birds, &c.) Meckel
oa Kloakbiklung in bis I'aib. Anat. ltd. i. s. 093.

scrotum at birth, but commonly they descend

into it through the inguinal rings towards the

period of puberty; and in several instances on

record, in which the sex of tlie individual had

been mistaken for that of a female, the tumours

formed in the groin at that time by the organs

in their descent have been erroneously regtirded

and treated as hernial protrusions. At the

same time it occasionally happens that with

the descent of the testicles, and the arrival of

puberty, the diminutive penis enlarges in size,

and the individual assumes more or less fully

the habits and attributes of the male. In

several instances on record this change has,

under venereal excitation, appeared to occur

suddenly, and persons formerly reiiuttd female

have thus unexpectedly found themselves pro-

vided with an erectile male penis. These

various changes are occasionally postponed for

a considerable period beyond the usual term

of puberty.

In a few rare instances one testicle only de-

scends through the inguinal ring, and occasion-

ally they both remain throughout life within the

abdomen, in or near the situation in which they

are originally developed, imitating in tliis ab-

normal state the normal position of the same
orgiins in many of the males among the lower

animals. In a number of instances in which

the testicles are thus retained within the cavity

of the abdomen, they are found small and im-

perfectly developed, and from the want of their

usual physiological influence upon the consti-

tution, the whole physical and moral character

of the malformed individual frequently presents

a considerable approximation to that of the

female, or, as we should perhaps more justly

express it, never attains the perfection of the

male, but preserves that kind of common or

neutral state exhibited by the constitution of

both sexes before the specific sexual chtiracters

of each are developed at the time of puberty.

Numerous curious examples of mistakes

having been committed with regard to the sex

of males affected with the above species of mal-

formation have now been put on record, from

the time at which Iphis, thedaughter of Ligdus,

king of Crete, was conceived to be changed

into a man by the miraculous interference of

Isis, down to the present day. Pliny, (lib. vii.

chap.iv.) has noticed several cases ; and in the

treatise of Duval on hermaphrodites a number
of additional instances are collected from Livy,

Trallian, and othei's, some of them no doubt

invested (as most cf the details regarding her-

maphrodites in the oliler authors are) in much
misrepresentation and fable, but others bearing

every mark of accuracy and authenticity. In

more modern times the sexes of individuals

have often been mistaken in consequence of

this variety of malformation. Jean Chroker*

relates, in apparently the most authentic man-
ner, the case of Magdelain Mugiioz, a nun of

the order of St. Dominique in the town of

Ubeda, who was changed, as he supposes, into

a male, seven years after having taken the vows.

* Fat. Histor. cent. i. and Arnaud, Dissertation

sur Ics Hermaphrodites, p. 200.
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He was expelled llie convent, assumed llie

male dress, and look the name of Francois.

The se<)uel of the story, as told by Cliroker,

would seem to shew tliat his sexual desires be-

came extremely strong, and he is said to have

been ultimately condemned, whether justly or

not, under an accusation of rape.

Portal* quotes from Tigeon the story of a
person who was brought up as a female, and
afterwards was considered to be suddenly

changed by a surprising metamorphosis into a
male, and in citing this case Dr. Hodgkin,t of

London, mentions, on the authority of a friend,

a recent insUince of an equally sudden deve-

lopment of the male sex in a previously reputed

female. Similar instances in which the proper

sex of malformed males was unexpectedly dis-

covered under the excitement of sexual passion

at the period of puberty are mentioned by Parb,

Tulpius, and others.

SchweikardJ has recorded an instance of a

person baptized and brought up as a female,

and whose true sex was only at last disclosed

by his requesting, at the age of forty-nine, per-

mission to mairry a young woman then preg-

nant by him. On examination it was disco-

vered that the penis was slender and scarcely

two inches long ; the right testicle only had
descended into the scrotum, and the urethra

opened at the root of the penis, but its orifice

was |)laced in such a maimer that during mic-

turition the urine was thrown along the groove

or channel on the under surface of the penis, so

as to appear to issue from its anterior extremity.

The two halves of the scrotum were so far

united that they left only a small oval opening

between the anterior part of the raphe and the

roots of the corpora cavernosa. In this open-

ing the orifice of the urethra was situated.

Dr. Baillie§ has mentioned a case which

appears to belong in all probability to the pre-

sent division. The subject of it was twenty-

four years of age. She had always passed in

society as a woman, and came for consultation

to the Nottingham Ilospital on account of her

menses never having appeared ; a circumstance,

however, that had in no way affected her

health. The spurious vagina consisted of a

cul-de-sac two inches in depth. The penis

was of the size of the female clitoris, but there

were no nympha;. The labia were more pen-

dulous than usual, and contained each of tnem
a body resembling a testicle of a moderate size,

with its cord. The look of the individual was
remarkably masculine, with plain features, but

no beard. The mamma; resembled those of a

woman . The person had no desire or partiality

for either sex.

Adelaide Preville, who had been married as

a female, died in the Hotel Dieu of Paris. In

examining the body of tliis individual after

Hist, dc I'Anat. torn, ii. p. 52.

f Catalogue of Guy'fl Hospital Museum, part ii.

sect. xi.

I Hufolanil's Journal dcr Prak. Hcilkuudc. Bd.
xvii. No. 18.

Morbid Anatomy, p. 410, 2d edit.

death, Giraud* found that, except a perinajal

cleft or false vagina consisting of a oul-de-sac

placed between the bladder and rectum, nothing

else resembling the female sexual ap|>aratus

could be detected, while all the organs belong-

ing to the male sex were present

Ottof has described and represented (fig.2Q0)

Fig. 289.

a case of the present species of hermaphroditism

in an individual whose history is remarkable.

The person had lived ten years in the state of

wedlock with three different men; but at the age

of thirty-five an action of divorce was brought

against her by her third husband, accusing her

of being affected with some disease of the sexual

parts that rendered the connubial act on his

part extremely difficult and painfiil. After

some difference of opinion between the two

medicil men to whose professional examination

the wife was submitted, it was at last consi-

dered that she was in reality a male, and the

case came at last under the investigation of the

members of the Royal Medical College of

Silesia, who confirmed this opinion. The im-

perforated penis (6) was one inch and a half in

length; the perineal fissure (c) forming the

false vagina was, at the posterior part of its

orifice, bounded by a distinct frtenulum, but

was of a size sufficient to receive the glans of

the husband for an inch and a half m depth.

Tliis cavity, as well as the internal surfaces of

the two lobes (u «) of the divided scrotum,

were lined with a vascular mucous membrane.

At the bottom of it the round orifice of the

uredira (d) was seen to open ; and at the same

• Rccucil Period, de la Soc. dc Med, torn. ii.

p. 315, or Mourcau's Hist. Nat. dc la Femme, t. i.

p. 243, (with a Bgute of the parts.)

t Neue Scltene Beobachtungen zm Anatomic,

&c. p. 123.
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point a hard mass could bu felt, probably con-

sisting of the prostate gland ; and more up-
wards and outwards, nearly in the natural

situation of the bulb, was seen the split urethra

(c) with a row of three considerably sized open-

ings (J'J"), which, under pressure and irritation

of the genital parts, gave out several drops of a

transparent mucous fluid. Otto considers these

openings as the extremities of the ducts of the

prostate and Cowper's glands, and of the semi-

nal canals. The right half of tlie scrotum con-

tained a small testicle about the size of that of a

boy often years of age ; the left testicle lay like-

wise external to the abdominal ring, and was
still softer and smaller than tlie right. Both
were furnished with spermatic cords. The ge-

neral configuration of the individual was strong,

muscular, and meagre ; the beard was thin and
soft, and the face, mammae, thorax, pelvis, and
extremities were evidently masculine.

Along with the preceding instances we are

inclined to classify the case of Maria Nonzia,

as detailed by Julien and Soules.* This indi-

vidual was born in Corsica in 1695, was twice

married as a female, and at last divorced in

1739 by her second husband, after having lived

sixteen years in wedlock. The penis was two
inclies in length, but imperforate, and the mea-
tus urinarius was placed at its root. Two
bodies, like ordinary sized testicles, and fur-

nished with spermatic cords, were felt in the

divided scrotum ; and there was a narrow false

vagina or perinseal canal one inch and three

lines in depth, and crossed at its upper extre-

mity by two small traversing membraneous
bridles. The character and appearance of the

person were masculine ; the visage was beard-

ed ; the mammce were as fully developed as in

the adult woman, but the nipples were each
surrounded with hair.

So far as the preceding details go, they seem
amply sufficient to justify us in considering

Maria Nonzia as a malformed male ; and we
are still inclined to take this view of the case,

notwithstanding the statement inserted in the

report of Julien and Soules, that the menses
were present as in other women. For not to

insist upon the circumstance that the reporters

do not shew that they made any minute or

satisfactory inquiry into this alleged fact, and
not improbably took it upon the mere word of

the subject of the case, who was necessarily

greatly interested in maintaining the reputed

female character, it would be requisite, in any
such paradoxical instance, to ascertain if the

dischai'ge actually agreed in character with the

menstrual fluid, or was not pure blood, the re-

sult of an haemorrhage from the gen ito-urinary

passages, or from the rectum, where, as in other

parts of the body, this form of disease frequently

assumes a periodical type. VVe would be in-

clined to apply even still more strongly these

remarks to the celebrated case of Hannah Wild,

detailed by Dr. Sampson.f This person had

* Obscrv, sur I'Hist, Nat. sur la Physique ct sur

la Ppinture, torn. i. p. 18, with a plate.

t Ephem. Nat. Curios. Dec, i. an. ill. p. 323.

evidently the male genital organs malformed in

the manner mentioned with regard to the other

cases included under the present section, and

possessed all tlie secondary sexual peculiarities

of the male ; so that we can only receive with

great doubt and distrust the alleged existence

of the menstrual discharge, and tlie more so, as

this is evidently stated on the report of the

subject of the case alone, who, deriving a pre-

carious subsistence from the exhibition of his

malformations, had a deep interest in amplify-

ing every circumstance that could enhance the

public curiosity with respect to the reality of

his hermaphroditic character.

At the same time, however, it must be re-

marked that in some instances of spurious her-

maphroditism, it is found extremely difficult or

even impossible during life to determine with

precision the true or predominant sex of the

malformed individual ; and in regard to several

well-known cases on record, we find on this

point the most discrepant opinions offered by
different authors. Thus while Morand,* Ar-

naud,t and DeliusJ: described Michel-Anne
Drouart as a male; Guyot,§ Ferrein,|| and

CaldaniH maintained that this person was a

female ; and Mertrud** regarded the individual

as an example of a real hermaphrodite.

A useful lesson of caution to us against our

forming too decided and dogmatic an opinion

in cases in which the sexual conformation ap-

pears in any marked degree doubtful, has

lately been offered in the instance of Maria-

Dorothde Durice, or, as this individual vras

named in the latter years of his life, Charles

Durge. While Metzgerff considered this per-

son as a specimen of that kind of equivocal

sexual formation to which the designation of her-

maphroditism is truly applicable, Hufeland,tt

Mursinna,§§ Gall, Brookes,|||| and others^lf

declared the sex of Durice to be in reality

female; and Stark,*** Mertens,tt+ and the

Members of the Faculty of Medicine at Paris |JI
were equally positive in regarding the indivi-

dual as merely a malformed male. The dis-

section of the body of Duriee by Professor

Mayer has, as we shall afterwards state more in

detail, shewn the sexual conformation of this

individual to consist of a true mixture of both

the male and female organs.

• Mem. dc I'Arad. dcs Sc. 1750, p. 165.

t Dissert, sur les Hcrmaphr. p. 298.

X Frank, Saminlung. Th. viii. 8. 398.

i Mem. de I'Acad. des Sc. 1756, p. 71.

II
lb. 1767, p. 205.

"i Mem. dclla Societa Italians, t. vii. p. 130.
•• Arnaud, loc. cit. p. 198.

tt Gericht.-medic. Ahhandlungen. Bd. i. s. 177.

Xt Journ. der Praktischea Ueilkunde, Bd. xii.

8. 170.

ii Journ. fiir die Chirurgie, Arznciknnde, Stc.

Bd. i. s. 555.

nil
Medical Gazette for October, 1836.

^IT Von dem Ncuangekommcn. Hcrmaphrod.
Berl. 1801.

*•• Neuen Archiv. fur die GeburtshUlfc. Bd. ii.

s. 538.

I I I Bcschreibung der mannlichcn GescMechtsthcile

von M. D. Diirricr. Ijeipzig, 1802, with two plates.

XXi Med. Gaz. for October, 1836.
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In attempting to determine the true sex in

such doubthil instances of sexual formation as

those whicli we have been now considering, we
are inclined to attribute very little weight to the

nature of the sexual desires of the malformed
individual, as we have already found Adelaide

Preville, the dissection of whose body shewed
him to be in reality a man, living for some
years before death in the capacity of a wife,

and the same remark might be further illus-

trated by a reference to Otto's and other cases.

A species of spurious hermaphroditism simi-

lar in character to that which we have just de-

scribed in man, is occasionally met with in the

males of our domestic quadrupeds, and has

been amply illustrated, as it occurs in these

animals, by Professor Gurlt in his work on
Veterinary Medicine. In instances of tliis

malformation among the animals to which we
refer, the hypospadic male penis has usually

been found of a tortuous and winding form
and of small size. In the ca.ses in which the

fissure of the parts extends through the scrotum,

a false vagina is seldom formed, as in man, for

the scrotum in most quadrupeds lies too remote
from the perinoeum, and consequently from the

normal situation of the vagina, for this purpose;
but in some examples this division appears to

be carried upwards into the perinoeum itself,

leaving a vaginal-like opening, in which the

urethra terminates. The testicles, as in man,
are sometimes retained within the abdomen,
and in other instances descend into the scrotum.

They are frequently small in size. Tlie mamma
or udder seems to be often well developed.

This variety of hermaphroditic malforma-
tion has been met with in the horse by Pen-
chcnati;* in the he-goat by Haller;t and in the

ram by the same author,^ and by VVagner,§

Wepfer,|| Stark.lT Gurlt,** Kauw Boerhaave,tt
and A. Cooper.Jt We have seen an excellent

specimen of this malformation in the last-

mentioned animal in the museum of Dr.
Ilandyside of Edinburgh. In this instance

the internal male organs are all perfect ; the

large testicles are situated in the halves of the

split scrotum ; the penis is small and imperfo-

nite, and a furrow running along its inferior

surface is continued luckwards and upwards
along the perinaum to witliin a short distance

from the anus, where it leads into a canal, into

which the urinary bladder and seminal ducts

open, lliis canal is evidently formed of the

dilated pelvic portion of the male urelhra; its

orifice is comparatively contracted, but corres-

|)onds in situation with the vulva of the fe-

male. We have seen a second similar case in

• Mem. de I'.lcad. dc Turin, torn. v. p. 18.

t Cumnicnt. Soc. Reg. Sc. Gotting. toia. i. p. 2,
tab. i.

t Ibid. p. 5. fab, ii.

§ Kphem. Nat. CurioK. Cent, i, ii. p. 236.

II
MisccU. Nat. Curioii. Dec. i. An. iii. (1672,)

p. 255.

H Ibid. Dec. iii. Ann. v. vi., p. 669.
•' Lehrbuch, p. 193.

+t Nov. (-oinmcnt. Acad. Pctropotit, torn, i,

(1760,) p. 315, tab. xi.

U Catalogue of Guy's Uo&pital Museum, No.

the ram in the possession of Professor Dick of
the Veterinary School of Edinburgh.

Tliere is another variety of malformation of
the male parts occasionally found in quadru-
peds, whicli is allied in its nature to the pre-

ceding. In this second s|)ecies all the exter-

nal male sexual organs are small ; the short

penis lies, when not in a state of erection, upon
the posterior surface of the enlarged udder,

and the imiierfectly developed testicles are ge-
nerally retained within the abdomen; or, if

they have passed out of that cavity, they are

found situated in the substance of the udder.
The vasa deferentia, prostate, and Cowper'g
glands are usually of Uieir normal size and ap-
pearance. Tliis imperfect hermaphroditic for-

mation appears to be not rare among horses,

several instances of it in this animal having
been now described by Amaud,* Gohier,t
Volmar,J Pallas,§ Virey,l| ''"d Gurlt.K An-
selino** and Lecoqft have met with this variety

of malformation in the bull ; and Sandford JJ
has described an instance in the calf which
seems referable to the same head. Gurlt§§ also

notices the preparation of an analogous case in

the calf, as preserved in the museum at Berlin,

II. TRUE HERMAPHRODITISM.
True hermaphroditism exists as the normal

type of sexual conformation in several classes

of the vegetable and animal kingdom. Almost
all phanerogamic plants, with the exception of
those included under the class Dicccia, are fur-

nished with both male and female reproductive

organs, placed either upon the same flower,

or, as in the Linnican class Monoecia, upon
different flowers in the same individual. In the

class Polygamia various exceptional genera are
included, that present indiscriminately upon
the same individual, or upon different indivi-

duals of the same species, male, female, and
hermaphrodite flowers, and which thus form a.

kind of connecting link between the general

hermaphroditic form of phanerogamic vegeta-

bles, and the unisexual type of the monoecious
flowers, and the dicecious plants.

From anormalities in developcment, these

normal conditions of the sexual type in the

different members of the vegetable kingdom
are occasionally observed to be changed. Thus,
among the Dicecia, individual plants are some-
times, in consequence of a true malformation,

obseiTed to assume an hermaphroditic type of
structure ; or, on the other band, in hermaphro-
ditic plants more or fewer flowers arc occa-

* Amand tar lea Hermaphroditea, p. 282.

t Mem. et Obscrv. anr la Chir, et la M6d. Tet.
torn. i. p. 18.

J Archiv. fiir Thierheilltunde, Bd. iii. i. 292.

$ Roschaft. <tcr GesrIUchaft naturforcb. Frcaado
lu Berlin, Bd. iii. ». 2!16.

11 Journal Compl. des Sc. Med. torn. »v. p. 140.

1 Lehrbuch der Path. Anat. Bd. ii. p. Mt ; and
tab. viti. fig. 6.
** Mem. de V .\cad. des Sc. de Turin, torn. ix.

p. 103. fig. 1-3.

tt Jonm. Prat, de Med. Vet. 1827, p. 102.

^t Med. and Phys. Journal, vol. ii. p. 305, with

two drawingft.

^ Loc. at. p. 191.
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sionally found unisexual, in consequence of tlie

arrested developement of one oider of tlieir

sexual organs ; and again, though slil I more rarely,

from an excess of evolution, a double set of

male parts, or a double set of stamens, is seen

developed on some of the individual flowers.

In the animal kingdom we find instances of

a perfect hermaphroditic structure as the normal

form of the sexual type in the Trematodes and
Cestoides among the Entozoa, in the abranchial

Annelida, in the Planaria, and in many of the

Mollusca, particularly in the Pteropoda, and in

several families among the Gasteropoda. In

some of these animals that are thus naturally

hermaphroditic, the fecundation of the female

organs of the bisexual individual is accom-
plished by its own male organs ; but in others,

although the anatomical structure is strictly her-

maphroditic, yet the union of two, or, as some-

times happens, of more individuals is neces-

sary to complete the sexual act ; and during it

the female organs of each are respectively im-

pregnated by the male organs of the other.

In the Nematodes and Acanthocephali among
the Entozoa, and in the Cephalopoda and Pecti-

nibranchiate Gasteropoda among the Mollusca,

as well as in all symmetrically formed animals,

or, in other words, in those whose bodies are

composed of an union of two similar halves,

as in Insects, and theArachnida, Crustacea, and
Vertebrata, the male and female organs of re-

production are placed each upon a different

individual of the species, constituting the ba-

sis of distinction between the two sexes. In
such animals a mixture of more or fewer of

the reproductive organs of the two sexes upon
the same individual appears occasionally as a
result of abnormal formation ; but the male and
female organs that coexist in these cases are

seldom or never so anatomically perfect as to

enable the malformed being to exercise the

proper physiological function of either or of
both of the two sexes. This form of true her-

maphroditism or abnormal mixture upon the

same individual of the organs of the two sexes

in the higher animals, has been termed unnatu-
ral or nwnstrous, in opposition to the natural

hermaphroditism which exists as the normal
type of sexual struct\ire in some of the lower

orders of animals, and in phanerogamic plants.

The malformation itself is observed to differ

greatly, both in nature and degree, in different

cases, varying from the jjresence or superaddi-

tion ofa single organ only of theoppositeor non-
predominant sex, up to the development and
co-existence of almost all the several parts of

the two sexes upon the same individual. In
describing the malformation, we shall classify its

various and diversified forms under the

three general orders pointed out in our table,

including, 1st, lateral ; 2dly, transverse ; and
3dly, double or vertical hermuphrod'Uism.

A. Lateral hermaphroditism.— According to

the opinion of many physiologists of the pre-

sent day, the two lateral symmetrical halves of

the body, and even the two halves of all its

single mesial organs, are originally developed
in a great degree independently of one another.

Granting this point in the doctrine of eccentric

developement, we can easily conceive how, in

the same embryo, an ovary might be formed on
one VVolflian body, and a testicle on the other;

or, in other words, how female organs might be
developed on one side, and male organs on the

other. It is the existence of such an unsyinme-
trical type of sexual structure upon the two o|>-

(josite sides of the body of the same individual,

that constitutes the distinctive characteristic of

lateral hermaphroditism.

Instances of this species of true hermaphro-
ditic malformation have been observed in many
dilferent classes of animals, as well as in the

human subject.

Individual examples are sometimes observed

among insects, particularly among the Lepido-
ptera, in which all tlie different parts of the two
sides or lateral halves of the body are formed
after opposite sexual types. We shall after-

wards have occasion to notice different exam-
ples of this form of lateral hermaphroditism as

seen in the general conformation of the body,

but may here state that in two or three in-

stances such malformed insects have been care-

fully dissected, and found to present, in the ana-

tomical structure of their sexual organs, a mix-

ture of the organs of the male and female.

In a Melitixu didi/mus described by Klug,*

the general external characters were those of the

male, but the left eye, palpus, and antenna,

and the left sexual fang, were smaller than in

individuals belonging to this sex ; and the left

antenna was annulated with white and yellow

at the apex, while the right was of one colour.

On dissection, the various male sexual ])arts

were present, and they had appended to them
a free female ovary situated upon the left, and
united to no other organ.

In a Gastrophaga quercifolia dissected by
Schultz, and described by Rudolphi.f the left

side appeared externally male, and the right

female, with a distinct lineofsepanition through-

out the whole body. On dissection, Schultz dis-

covered an ovarium upon the right side, and
two testes upon the left. The oviduct of the

ovary joined the canal of the vasa deferentia

about two inches before its termination ; and
the spermatheca was connected with the com-
mon evacuating duct. The two testicles on the

left side were placed one behind the other, and
connected by a thin vessel. The spermatic

duct belonging to one of the testicles imme-
diately received, as in the Lepidoptera, the spi-

ral vessel ; further beyond, and on the opposite

side, a second vessel, which appeared to con-

sist of the rudimental spermatic duct of the

other testicle, opened into it. The oviduct of

the ovary joined the canal of the vasa deferen-

tia about two inches before its termination in

the penis, and a female spermatheca was con-

nected widi the common distended evacuating

duct.J

• Froriep's Notizcn, vol. x. p. 183.

t Abhandlung. tier Koenig. Akad. zu Berlin fiir

1825, s. 55.

t See also drawings of the body and genital or-

p.ins of an hrrmaphroditc Sfihinx populi iu Fischer's

Orycuigraphie du Gouvcmcmcut de Moscou (Mos-
cow, 1830.)
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A well-marked example of lateral herma-

phroditism amon^ the Crustacea lias been re-

corded by Dr. Nicholls.* In a lobster (Astu-

cia murmus) lie found on the right side of the

body a female !>exual aperture in its normal

situation at die root of the third leg, and con-

nected with a regularly formed oviduct, full of

ova. On the left side of the animal there was
a male sexual aperture placed, as usual, at the

root of the fifth leg, and connected internally

wiUi an equally perfect testicle and spermatic

cord. The general external conformation of

the animal corresponded with its internal sexual

stnicture, the right lateral half of the body
presenting all the secondary characters and pe-

culiarities of the female, and the left all those of

the male ; so that if split from head to tail, (to

useDr.Nicholls'mode ofexpression,) die animal

would have been perfectly female on the right

side, and perfecUy male on the lef\.

Tlie investigations of Sir E. Ilomef led phy-

siologists some years ago to believe that among
Fishes lateral hermaphroditism constituted the

natural type of sexual foniiation in the genera

Myxiiie and Petroinyzon ; but the later and
more accurate observations of Hathk^J have

shewn that these species are strictly bisexual,

and that the opposite opinion had arisen from

the kidneys of the female having been mistaken

for the male testicles. Various instances, how-
ever, are on record of fishes, known to be nor-

mally bisexual, presenting from abnormal deve-

lopement a lateral hermaphroditic structure, or a
roe on one side, and a milt on the other. Such
an hermaphroditic malformation has been met
with in die genera Salmo,^ Gadu»,\\ and Cy-
;)rmi«,^ and in the Mcrlangus vulgaris,** Aci-

pcnser /iuso,^-\- and Esox lucitiS.H

Of lateral hermtaphroditism in Birds, we have

• Pliil. Trans, for 1730, no. 413, vol. xxxvi. p.

290, with drawings of the animal, and of its repro-

ductive OTf^ans.

t Phil. Trans, for 1823. Art. xii.

X Bemcrkungcn ueber den Innern Bau der
Priclie, s. 119. See also additional observations by
the same author in Mullet's Archiv fur Anatomic,
&c. for 1836. Heft. ii. s. 171. The older error of
Cavolini, who supposed that he had detected two
ovaries and two testicles in the Perm marina and
Lahrua channOt (Sulla Generazioue dei Pcschi et del

Oranchi, Nap. 1787,) had been previously shewn
by Rudulphi to depend upon his having mistaken
undeveloped portions of the ovaries fur testicles.

(Schwcigger*s Skelctloso Thiere. s. 204; and Ab-
handlun^t'O. Konig. Akad. der Wisscnschaft xii

Berlin. 1H25. p. 48.)

6 Commercium Litter. Norim. 1734. Hebd. 39.

jl
Pipping, Velcnsk. Akad. nya Handl. (1800.)

Bd. xxi. s. 33. tab. i. fig. 1. Leuwcuhocck, Ex-
perim. et Coulerapl. p. 150. Eph. Nat. Cur. Dec.
1. Ann. i. obs. 12.5. Da Hanicl, Traitu des Poissons,
Part ii. p. 130.

% Alischer, Brcslau. Sammlung. 1720, p. 645;
Morand, Mem. de I'Acad. des Sc. 1737. p. 72.

Schwalbe, Commcr. Lit. Norimb. 1734. p. 305.
•* Marchant, Mem. de I'Acad. des Sc. 1737. p.

12. Bastcr, Opusc. Subcesiva. torn. i. p. 138.

tt Pallas, Reise durch Russe, &c. Theil. ii. s.

341.

Xt Reaumur, Mem. de I'Acad. 1737. p. 51.
Starke, Eph. Nat. Cur. Dec. iii. tan, vii. and viii.

obt. 109.

one instance recorded by Rcchstein,* in a

chicken diat had a testicle on the right side of

the body, and an imperfect reiiiform ovary on
the left. The external appearance of the bird

presented a mixture of tlie characters of the two

sexes.

liudolphi has referred to a second and more

ancient example of lateral hermaphroditism in

the hen, mentioned by Heide-t The case, en-

titled by the author " galli qui putabatur lier-

maphroditus anatome rudis," is so imperfectly

detailed as not to be entitled to much attention.

We have ourselves been fortunate enough to

meet with two domestic fowls that presented in

their sexual organization examples of lateral her-

maphroditism. In the first of these cases (fig.

290) the female sexual organs were placed on the

Fig. 290.

left side of the body, and the ovary (a) and ovi-

duct (fr) were in all respects apparently natu-

rally formed. On Uie right side, a male vas

deferens (rf), of about half the normal length,

• Natorgeschichtc der Voegel, *c. Bd. ii, a. 1219,

(1807).
\ Anatome Mytuli : snbjccta est Ccnturia Olner.

Amstcr. 1684. p. 193, obs. 95.
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ran up from the cloaca to opposite the origin of
the iliac vessels (c), and during this part of its

course was beiit into those short transverse zig-

zag folds vfhich characterise the structure of this

part in the common cock. (See article Aves,
vol. i. p. 354.) When it reached the middle
third of the kidney (</</), it lost this particular
form, became membranous (e), and after pro-
ceeding upwards for about an inch, in the com-
mon course of the canal, at last disapix:ared

.

The convoluted or contorted portion ran over a
space of about two and a half inches, and if

unrolled would have extended three or four
times that length. Its canal was about the
usual size of the same part in the perfect
cock, and perhaps at some parts even more
dilated. Its cavity was filled with a whitish
seminal-looking albuminous fluid, which at first

prevented a mercurial injection from readily

passing through it. There was not any appa-
rent vestige of a testicle. The fowl that was
the subject of this malformation possessed in

an imperfect degree the plumage, comb, spurs,
and general appearance of the cock, and when
young was considered to be a male until the
time it commenced to lay eggs, which it did
very constantly, except during the moulting
season, up to the time of its death. Its eggs
were remarked to be very large. They had re-

peatedly been tried to be hatched, but always
without success. The bird itself was never known
to incubate. It was peculiar in its habits in so
far that in the barn-yard it did not associate with
the other poultry, and at night roosted sepa-
rately from them. It crowed regularly, espe-
cially in the morning, and often attempted copu-
lation with the hens.

In the second case, the ovaries and oviduct
on the left side of the body were, as in the
former example, natural in themselves ; but
in the mesomctry of the oviduct, a tube of the
size of the male vas deferens was found. This
tube, like the normal vas deferens, was thrown
into the distinctive angular folds. It ran for

about an inch and a half through the upper
portion of the mesometry, was blind at either

extremity, and admitted of being injected with
quicksilver. On the right side, there was also

a male vas deferens, marked with the characte-
ristic angular folds. The contorted portion of
this canal only stretched in this instance to

about an inch above the cloaca ; but the folds

were even stronger than in the first case, and
the tube itself was rather more dilated. Above
or anterior to this convoluted part, the tube be-
came straight and membraneous, and ran up in

this form for about two inches in its usual
track over the abdominal surface of the kidney

;

but there was not at its upper extremity any
trace of a testicle. This bird presented during
life, in a very slight degree only, the appearance
of a cock, its comb and spurs being even less

developed than in the previous case. It shewed
the same solitary habits in the poultry-yard. It

layed eggs regularly. On three different occa-
sions I had a number of them submitted to

incubation, but in none of them was a chick

produced.

In the Quadruped, Schlump* has mentioned
an instance of lateral hermaphroditic malfor-

mation. In a young calf he found on the left

side, under the kidney, a small testicle having

attached to it a vas deferens, which was con-

nected with the peritonaeum towards the abdo-
minal ring of the same side, and there became
lost in the cellular texture of the part. An ovary

and Fallopian tube, with an uterus consisting of
a single hora only, were connected to the right

side of the loins by a ligament. The neck of

the uterus lost itself in the cellular substance

beneath the rectum, and there was no vagina.

The external organs were male, but imperfectly

formed. The udder occupied the place of the

scrotum.

In the human subject several different in-

stances of sexual malformation have now been
met with referable to the head of lateral herma-
phroditism. In these cases, along with a tes-

ticle on one side, and an ovary on the other,

there has generally co-existed a more or less per-

fectly formed uterus. The external parts have
differed in their sexual characters, in some in-

stances being female, in others male, and in

others again of a neutral or indeterminate type.

In man, and in the higher quadrupeds, we
have not unfrequently exhibited to us a slight

tendency to this unsymmetrical type of sexual

structure constituting true lateral hermaphro-
ditism in the testicle of one side only des-

cending, whilst the other, in consequence of
imperfect development, remains within the

inguinal ring. In the single unsymmetrical
ovary of most female birds and some fishes,f

we see a still nearer approach to the state ; and
it is worthy of remark, that among birds at

least, the single ovary is always placed upon the

left side. In lateral hermaphrodites in the hu-
man subject, the left side also appears to be that

on which we most frequently meet with the

female type of the sexual organs. We shall

divide the following cases according to the par-

ticular sides which were respectively male and
female in them.

1. Ovary on left side,and testes on the right.—
a. M. Sue met, in 1746, with an instance of late-

ral hermaphroditism in the human subject, in a
young person of thirteen or fourteen years of
age, whose case was the subject of a Thesis

sustained by M. Motand.J Of the internal

* Archiv. fuer die Thierheilkunde, Bd. ii. Hft. ii.

8. 204.

t In the early embryo ofbirds, the ovaries are ori-

ginally double, as pointed out by Emmert, (see Reil'i
Archiv for 1811;) and as was previously known
to Wolff and Uochstetter, ( Aaat. Phil. torn. i. p.
349.)

X De Hermaphroditis, Paris, 1749. This, ac-

cording to Arnaud, (p. 323.) is the same case of
lateral hermaphroditism with that described by
Lecat. If so, the latter author, (probably from
drawing his description from memory, and not,

as Morand seems to have done, from the parts

placed before him,) has stated that along with
the testicle and vas deferens on the one side, there

existed a vesicula scminalis, and that both sides

were provided with lound ligaments, the one on Ihe

male side forming probably one of the two tubes

described by Morand as arising from the testicle.
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genital organs, there existed on the left side

a very distinct ovary, a round ligament which
ran outwards to the groin of the same side,

and a well-formed Fallopian tube with its

usual fimbriated extremity. The other extre-

mity of the Fallopian tube terminated in

the fundus of the uterus, which occupied its

usual situation Iietween thebladderand rectum.

On the right side, again, there was a slender

elongated testicle, which had moved forwards

to the corresponding inguinal canal, but had

not proceeded so far as to pass out of the ab-

dominal cavity. On the superior part of the

testicle was a body resembling the epididymis,

and the testicle itself sent off two tubes, which
afterwards united into one immediately before

their insertion into the uterus. The external

genital organs were those of a hypospadic male,

and during life the person had been always

looked upon as belonging to the male sex. The
perinatal canal or vagina terminated, between the

scrotum and root of the imperforate penis, in a
very small opening, which was common to it

and to the meatus urinarius.

b.ln \ 754,* a young person of about eighteen

years of age died in the Hotel Dieu of Paris;

and in dissecting his body, the anatomist, Varole,

found the reproductive organs malformed in the

following manner. On the right side the

scrotum contained a testicle, and the vas defe-

rens arising from it opened, not as usual into

the neck, but into the middle of the external

border of the corresponding vesicula seminalis.

On the left side the scrotum was empty ; and
internally on this side there were found au
ox-ary, a Fallopian tube with its fimbriated ex-

tremity, a small oval uterus without a neck and
somewhat flattened, and a broad and round
ligament, the last of which ran outwards, and
was lost in the cellular tissue of the left half of

the scrotum. The vesicula seminalis on the

right, and the imperfect uterus on tlie led side,

communicated by a canal of an inch and a half

in length. The external organs were male ; but

the penis was very small, had no corpus spongi-

osum, and was imperforate for half an inch at

its anterior extremity. The mammae were as

large as in women of the same age. The indi-

vidual had been regarded during life as a male.

f. In 1825 the late Professor ttudolphif de-

tailed to the Academy of Sciences at Berlin

tlie case of an infant who was reported to have
died seven days after birth, and whose sexual

organs exhibited the following interesting in-

stance of lateral hermaphroditic conformation.

Meckel (Rcil's Archiv. Bd. xi. 8. 322,) considers
Morand's and Lecat's as two different cases, and
points out that what is described as the male side

in the one, was the female ia the other, and vice

verm. It is, perhaps, not unworthy of remark, that
in the coloured plate accompan^'ing the translation

of Morand'ft case by Gauticr, the male and female
sides have been reversed from an error in the en-
graving ; and this circumstance may have contribu-
ted to mislead Legal in his description, provided he
happened to look to this notice ot the case.

• Mem. de la Soc. Med. de Paris, tom. iv. p.
342.

t Abhandliing. Konig, Akad. dcrWissGnsch&ft. zu
Bcrliariitl82S, S.6U.

On the left side were discovered an ovary

(fig.29l, a), without a distinct broad ligament,

Fig. 292.

External orgaiu.

Fig. 293.

Ulerut (c) turned dovmwartU and forwardt to show
itt posterior twrface and connectionSt 8fc.

and a Fallopian tube (4), which communi-
cated with the superior and left portion of an
uterus (c). The left side

of tlie scrotum (fig. 292,
a), was emphr ; the right

(i) contained a testicle

(fig.19\4) furnished with

an epididymis (e) and tor-

tuous vas deferens (./").

Below the uterus there

was a hard flattened ovoid

b<^y (fie- 291, g, and

fig. 293, 6), which, when
divided was found to

consist of a cavity with

thick parietes, and was
considered by Rudolphi
as the prostate gland in a rudimentary state.

The mouth of the uterus

(fig. 293, a) terminated be-

low in the parietes of this

ovoid body, and on the

right the vas deferens (d)

penetrated into its sub-

stance, but without open-
ing into its cavity. At the

inferior part of the uterus

there was a true vagina

(fig. 293, c), which termi-

nated in a cul-de-sac. The
anus, rectum, and other

organs were natural. The
external sexual parts were
male, but the penis was divided inferiorly

(^^g.292, r). The testicle and ovary were sup-
plied with the two usual spermatic arteries

f/g. 291,AA).
5. Under the present section of lateral herma-

phroditism, we may also, according to Mayer's
report, include the celebrated case of Marie
Derrier, or Charles Doerge.* This person was
baptised and brought up as a female, but at

forty years of age was persuaded to change his

name and dress to those of a man. We have
already alluded to the great diversity of opinion
which was entertained by the medical men of

• Gaielte Med. de Paris (1836'), no. 39. Lancet,
v. i. for 1836-7, p. 140; or London Medical Ga-
lette for October 29, 1836.

Ot uterif vagina,
jfTostmte. atid vat

deferens.
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Europe in regard to tlie true sex of tliis indivi-

dual. Even tlie different parts of liis body were
at one time referred to tlie male type, and at

anotlier time, and by other persons, to the fe-

male. The pelvis was the only part that was
generally considered as decidedly female, yet

the inspection of the body after death by Pro-
fessor Mayer shewed that even in this respect

all were in error.

Of the female sexual organs there existed an
xiterus, vagina, two Fallopian tubes, and an
ovary ; and of the male, a testicle, and prostate

gland and penis. The uterus was placed in

its normal situation between the urinary bladder

and rectum, but with its fundus directed in some
degree to the left. The organ was extremely
narrow, and two and a half inches in length.

The cavity of its cervix presented on its inner

surface some slight folds, but would scarcely

admit a quill ; the cavity of its fundus was
nearly half an inch across. The small canals of
two Fallopian tubes opened into the fundus
uteri. Their abdominal extremities were shut,

but the corpora fimbriata were present. Near
the extremity of the right Fallopian tube, which
was four inches and four lines in length, a small
flattened almond-shaped body was placed, which
on examination proved to be distinctly a testi-

cle. It was completely enveloped in perito-

naeum, and received a cord comjxjsed of muscu-
lar fibres, and of a spermatic vein and artery.

Its internal structure was yellow and filamen-

tous, like that of the testicle, and its seminiferous
tubes could be easily separated. The left Fallo-

pian tube was an inch shorter than the right

;

and a little outside and behind its abdominal
extremity another small flattened body was
found inclosed in the peritonofum. It resembled
an ovary rather than a testicle. Its tissue was
composed of small granules conglomerated
together. The penis was two inches and nine
lines in length, and was for the greater part

concealed underneath the mons veneris. During
life it was capable of erection, and was then
elongated to more than three inches. The pre-

puce covered only half the glans. There was
not any corpus spongiosum. A fossa or groove,

representing an urethral canal divided inferiorly,

ran along the under surface of the penis. The
two folds of skin forming the sides of the

groove separated from each other posteriorly,

and might be compared to nymphac. Towards
the root of die jienis, by uniting inferiorly with

a i)uckering of the skin of the labia raajora or

divided halves of the scrotum, they formed a
circular orifice not larger than a quill, having
some bodies, supposed to be vestiges of the ca-

runculse myrtiformes, at its lower edge, and lead-

ing to a short vestibule, or common canal, into

which the urethra, surrounded by a firm but
small prostate, entered from above, and the va-

gina, encircled at its entrance by a vascular

ring of varicose veins, opened from below. The
vagina was two inches and eight lines in length,

and only ten lines at its greatest breadth. Its

inner surface was somewhat wrinkled an-
teriorly, but smooth behind. It terminated

above in a kind of spongy isthmus representing

the blind orifice of the uterus, and from four to

six lines in length. The diameters and form of

the pelvis were, on dissection, found to be most

evidently masculine.

The general character of Doergc was a mix-
ture of the male and female type. When be-

tween twenty and thirty, he had been examined
by different medical men inGermany,France,aiid

England, and, as we have already mentioned,

the most contradictory opinions were offered

upon his real sex. Tlie breasts were not

much developed, and there was no distinct

mammary glandular structure. His stature was
small (five feet). As he had advanced in

age, his voice had become more firm and
grave, and a slight trace of beard had ap-

peared ; but his head and face presented the

aspect of that of an old woman. His neck was
short, and the thyroid cartilage did not project

much : his chest was fat and full. During the

last few years of his life lie was subject to

epistaxis and ha;moirlioids, but did not present

any trace of sanguineous discharge from the

genital organs,—a phenomenon which was
alleged to have manifested itself three limes

during his twentieth year.

The right hemispheres of the cerebrum and

cerebellum, particularly that of the latter, were

smaller and less develoi)ed than the left, and the

left side of the occiput was e.<ternally more
prominent than the right. He is stated by

Professor Mayer to have shewn a certain predi-

lection for females, without, however, feeling

any sexual desire.

2. Testicle on the left, and ovary on the

right side.—An instance of malformation of the

reproductive organs minutely described by
Maret,* and which is in all its more essential

anatomical points an example of lateral herma-

phroditism, may be included under this head.

a. The subject of the case (Hubert Jean

Pierre) died in the hospital at Dijon in 1767,

at the age of seventeen. On the left side a

perfect testicle was discovered with its usual

spermatic vessels, vas deferens, and vesicula

seminalis, all occupying the natural situation

in which they are placed in the male adult.

The vesicula seminalis contained a fluid of the

colour and consistence of semen. On the right

side an oblong cystic tumour was found lying in

the iliac fossa, and stretching outwards into the

inguinal region. On opening it a quantity of

reddish limpid fluid escaped, and then the solid

contents of the tumour were seen to consist of a
somewhat flattened body, that gave off" from the

upper part from its right side a short Fallopian

tube; and at the fimbriated extremity of this

tube an ovary of the natural size, consistence,

and figure, was situated. The roundish shaped

body to which the tube was att;iched was about

an inch and a half in its greatest, and an inch in

its smallest diameter. It contained in its

centre a small cavity continuous with that of

the tube,—a circumstance, which, alongwith the

structure of its walls, left little doubt that the

body itself was an imperfectly formed uterus.

No other opening except that of the tube could

be traced into its cavity. Its external surface

* Mem, do r Acad, dc Dijon, t. ii. p. 157,
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I

was attached to the ovary by a kind of ligament.
On this same side of the body (the right) there

existed also a vesicula scmmalis, but smaller

and more shrivelled than that on the left. It

gave off a vas deferens, which became gradu-
ally smaller as it was traced backwards, and at

last disappeared altogether without being con-
nected with any structure resembling a testi-

cle. In regard to the external organs of

generation, the penis was four inches long
and imperforate, but in all other res))ects per-

fectly formed. It possessed a corpus spongi-
osum, which does not exist in the female
clitoris. On raising the penis, it was observed
to cover a large fissure, the sides of which
resembled the labia of a female. In the left

labium or left half of the scrotum the testicle

already alluded to was placed, but there was
none in the right. When the labia were
separated, two red spongy bodies were seen,

resembling the nymphs in ap|)earance, and
seemingly consisting of the sides of the split

urethra. Between these bodies and at their

upper part, the urethra opened as in the female

;

while below there was a very narrow aperture

covered by a semilunar membrane, and pre-

senting on one side of its entrance a small ex-

crescence somewhat resembling in figure a
caruncula rayrtiformis. This orifice led into

a membranous canal or cul-de-sac an inch in

depth, and half an inch in diameter. On the

lower part of this canal the verumontanu'm and
orifices of the seminal ducts of both sides were
discovered.

During life Pierre had been considered a
male, but was not known to have shown
any ])artiality for the female sex. Uis counte-
nance was more delicate than what we ordi-

narily see in the male sex. There was no
beard on the face ; the larynx was not enlarged

as in man ; and the mamma;, each of which
was furnished with a very large areola, weie of
a moderate size and roundish form. The con-
figuration of the lower part of the body was
more decidedly masculine, and there was
none of that enlargement of the buttocks and
projection of the thighs, from the increased

width of the pelvis, which is observable in

young females.

In this case we have on the left side of the

Iwdy male sexual organs, consisting of a per-

fect testicle, vas deferens,and vesicula seminalis.

On the /•igA< side, again, we have a female ovary
and Fallopian tul)e with a rudimentary uterus,

together with an imi^erfect male vesicula semi-
nalis and vas deferens.

Arnaud mentions a very imperfect form
of lateral hermaphroditism as having been re-

cognised by M. Boiidou, surgeon to the liotel-

Ilieu of Paris, on the |>erson of a monk who
die<l in that hospital in 1726. Tlie external

genital parts were those of a hypospadic male.
Ill one of the halves of the scrotum a testicle

Avas found ; the other was empty. The seminal
canals and vesiculae seminales on the side on
which the perfect testicle existed were natural
in their course and situation. Those of the

opposite side lost themselves between the

bladder and rectum in a small body, which, in

M. lioudou's opinion, wasa shrunk uterus.*

Among the preceding ca.ses of lateral herma-
pliruditisin in the human subject, there are four

m which the left side, and one only in which
the right was the female. In die last instance

quoted from Houdou the respective sides on
which the male and female organs were placed

are not stated by Arnaud.
B. Trumverse hermuphroditism.—In the

variety of hermaphroditic malformation which
we have last considered, we have found upon
the same individual the reproductive organs of
one side disagreeing in their sexual type from
diose of the other. In the present division we
have a similar sexual antagonism following a
different direction ; for su|)posing the internal

sexual apparatus to be divided from the

external by a transverse line, we have, in trans-

verse hermaphroditism, on each side of this

partition, organs of an opposite sexual type

:

in other words, the organs of reproduction

(in the more correct sense of the word) or the

internal sexual organs do not, in the present

species of hermaphroditism, correspond m type
with the organs of copulation, or the external

sexual parts,—a circumstance the occasional

occurrence of which tends to shew that these

two portions of the generative apparatus are in

some degree independent of one another in

their normal development and existence, and
consequently also in their abnormal formations.

Transverse hermaphroditism varies in its

character according to tlie relative positions

occupied by the co-existing male and female
oigans ; the external organs, or all those ex-
terior to the supposed transverse line, being
sometimes female, and the internal male, and
vice vers6.

1. Transverse hermaphroditism with the

external sesuul organs of the J'emale type.—In
the cases included under this division, the ex-
ternal genital organs consist of a clitoris,

vagina, and uterus ; the uterus is often rudi-

mentary, and sometimes altogether absent and
replaced by the male vesiculse seminales. The
male internal organs are the testicles, generally

small and imperfectly developed, and placed
either within or without the abdomen, with
vasa deferentia terminating in the uterus and
vagina.

This variety of sexual malformation has been
repeatedly observed among our domestic
quadrupeds, particularly among black cattle.

Mr. John Hunter, in an essay read before the

Uoyal Society in 1779, and published in their

Transactions,t and in his Observations on the

Animal Economy, shewed that, (as had been
long known among agriculturists,) when among
black cattle the cow brings forth twin calves,

one of them a male, and the other ap|)arently

a female, the male is a perfect bull call, but the

female, while it has all the external marks of
a cow-calf, as the teats and udder, is still, with

a few exceptions, imperfectly formed in its

* Arnaud, loc. cit. p. 283.

t Vol. Ixix.
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internal sexual organs, and very generally pre-
sents a mixture of the organs of the two sexes in

various degrees. Such hermaphroditic twin
cattle have long been distinguished in this

country under the name of Jree-martins. In
some exceptional cases only have they been
observed capable of breedmg; and generally
they shew no sexual desire for the bull, or the
bull for them. In appearance they resemble
the ox or spayed heifer, and have a similar, or
still greater disposition to become fat under
the use of good food.

In the paper to which we have referred, Mr.
Hunter has described the dissection of three

free-martins : and one of these seems to belong
to our present division of female transverse

hermaphroditism. The clitoris and external
parts appear to have been strictly of the female
type, and tliere was a small udder with four
teats. The vagina terminated in a blind end a
little beyond the opening of the urethra, and
from this point the vagina and uterus were im-
pervious. The uterus at its superior part
divided into two horns, and at the termi-
nations of these horns, not ovaria, but bodies
resemblingthe male testicles were found. These
bodies had not a perfect internal structure like

that of testicles, but resembled these organs in
so far tliat, 1st, they were nearly as large as
the male testes, and much larger tlian the
female ovaries ; 2nd, they were supplied with
tortuous spermatic arteries like those of the bull
or rigdil ; and 3d, cremaster muscles passed
up to them, as in rigdils, from the abdominal
rings. There were two small vesiculae semi-
nales placed behind between the bladder and
uterus, with their ducts opening into the
vagina. Nothing, according to Mr. Hunter,
similar to the vasa deferentia was present;
but Gurlt is inclined to believe that the parts

which Mr. Hunter has described as the horns
of the uterus were really the deferent vessels.

Professor Gurlt* has himself given, from a
preparation in the Museum of the Berlin
Veterinary School, the accompanying sketch of
the malformed sexual organs of a five-year old
free-martin, (Jig. 294,) which presents to us an
illustration of Mr. Hunter's supposed mistake,
at the same time that it affords a well-marked
example of transverse hermaphroditism. The
detail of the anatomical peculiarities of the

case has been unfortunately omitted by the
author, but from the short explanations appended
to the drawing, it appears that the clitoris (a)
and external pudenda (li) were perfectly

feminine, and that the vagina, short and funnel-
shaped, terminated at its superior contracted
extremity in two vasa deferentia (ccc), which
were earned upwards in a duplicature of peri-

tonxum (</ d) resembling the broad ligament,
until they joined the unrolled and lengthened

epididymes (e e) of two small testicles (./y)
placed in the position of the ovaries. Near the

junction of the vagina and vasa deferentia

bodies resembling the male vesiculae seminales

• Lehrbuch der Pathol. Anat. d. Sang. Th. Bd.
ii. S. 186.

Fig. 204.

(g g)and Cowper's glands (/i h) were situated,

and the urethral canal (i) opened into the

vagina and was shorter than it usually is in the
cow.

We have found upon a free-martin cow a
state of the sexual apparatus very much re-

sembling that figured in the above case by
Professor Gurlt. The two vasa deferentia, as
they ran in the duplicature of the peritoneum,
had very much the appearance and shape of an
imperfectly developed uterus. The vesiculae

seminales were large ; the vasa deferentia were
quite imi^rviousthroughout their whole course;
and the bodies placed at their abdominal ex-
tremities were large, but of so indeterminate a
structure as not to enable us to pronounce them
to be either true testicles or ovaries.

M. Geoffrey St. Hilaire published in 18,34
a very distinct case of an hermaphroditic goat
which had two male testicles and epididymes
with a two-horned uterus and female external
parts.* M. Isidore St. Hilairet mentions a
nearly analogous case in the same animal,
and quotes a third from Bomare which was ob-
served upon a deer.t

• Nouv. Ann. du Museum d'Hist. Nat. t, ii, p.
141.

t Histoircdes Anomalies^ t. ii. p. 128.

t Journ. dc Phys. t, vi, p. 501.
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To the present division of transverse herma-
phroditic malformaiiou willi external female and
internal male ori;ans, we may probably also

refer Uie case of the hermaphrodite dog de-

tailed by Sir E. Home,* and three instances in

the sheep described by Kuysch,-f- llerholdt,^

and tiurlt.§ In all these instances imperfectly

developed testicles were situated either within

the abdomen or without it upon the udder, at

the same time that the external parts exhibited

in a more or less marked degree the peculiarities

of the female sex ; the vagina was, however, nar-

rower, and the clitoris more developed than in

the perfectly formed female ; and in the dog
mentioned by Home, this latter organ was very

large, being three quarters of an incli long, and
half an inch broad, but still it could not pro-

perly be considered as an imperfect penis, snice

the bone, which forms the distinguishing mark
of that organ in the dog, was wanting.

Few well-marked instances of transverse

herma])hroditism with external female organs

have been hitherto described as observed in the

human subject, unless we regard as an approach
to it the numerous cases, already referreo to, of

spurious hermaphroditic malformation in the

male from hypospadic division of the urethra,

scrotum, and perinicum.

a. In his essay on hermaphroditism, how-
ever, Steghlehner|| has detailed at great length

llie particulars of a case belonging to the present

variety, which he met with on the body of a
woman who died of phthisis at the age of

twenty-three. The external sexual organs were
all of the female type and in general well

formed, though the clitoris and nymplisc were
perhaps smaller than natural, and the orificium

vaginae was rather contracted and half shut up
by a hymen. The fossa navicularis was very

distinct, and the vagina normally situated, but
extiemely short and narrow. Its internal sur-

face presented an appearance of transverse and
longitudinal rugse, but its upper extremity

formed a blind sac, and no traces could he

found beyond it of the uterus, nor indeed any
vestiges whatever of the other internal female
organs, the ovaries and Fallopian tubes. On
more minute examination a testicle with its

spermatic cord was found in each inguinal

region, placed outside the external ring, and
surrounded with their cremaster muscles and
vaginal coats. The testicles were flaccid and
small, but their internal structure and that of
their epididymes was natural ; and the slender

pervious vasa deferentia arising from them
entered the abdomen, descended into the pelvis,

and were joined behind the urinary bladder by
two vcsiculaj seminales of considerable size.

Tlieir common ejaculatory ducts o])ened into

the vagina. The form of die thorax and pelvis,

and of tlie body in general, was feminine ; and

" Phil. Trans, for 1795, p. 157. Comp. Anal,
iii. 323.

t Thcaaur. Anat. viii. n. c. iii. tab. U5.
t Viborg's Sammlungs fucr Thierartze (1797.)

•. 25.

f Lclirbuch, ice. Bd. ii. s. 186. tab. ix. 2. and
xxii. s. 2,

II
Tract, dc Hermaphr. natiira, p. 120.

Uie mammx and nipples were well developed,

but the larynx was rather more protuberant than

in females, and the voice approached in tone

to that of a man. There had never been any
menstrual discharge, but the periodical moli-

mina indicative of its appearance were said to

have been olwerved regularly. There were

some ha.<morrhoidal tumours situated around

the anus.

b. If possible a still more perfect example
of the present variety of transverse hermaphro-

ditism In the human subject has lately been

observed at Naples. The malformation occurred

in the person of an individual Maria E. Arsano,

who died at the age of eighty in one of the

pauper charities at Naples, and who had passed

through life as a female and been married as

such. No suspicion of tlie malformation

existed during life, and it was only at first

accidentally discovered in preparing the dead
body for demonstration in the anatomical

theatre of Professor Ricco, who afterwards

carefully dissected the malformed parts in com-
pany with Professors Sorrentino and Grosetti.

We have taken the following account and
sketches from Ricco's published description of

the case.*

The external organs of generation were those

of the female in their natural or normal state,

consisting of the mons veneris with a .scanty

quantity of hair (fg. 295, u) ; of the labia ex-

Fig. 295.

tema (fg. 295 &. 296, 6 AJ naturally formed, and
the nymphse (fig. 295 & 296, d d) ; of the

clitoris (Tig. 295 & 296, c), which was perfectly

imperforate, and of the ordinary size of the

same oi-gan in the adult female ; of the orifice

of the urethra (fig. 295 & 296, e) situated be-

low the clitoris; and of the os vaginae (fig.
295 & 296,f), which was of the usual size and
diameter. Altogether the aj)erture of the vulva

was natural. The canal of tlie urethra was
of the usual length, as seen at u in the section

* Ceono Storico au di un'Neutro-UomOj p. 5, 7.
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of the pelvis represented in fig. 296, in which
» marks the divided symphysis pubis, and p the

Pig. 296.

peritonseum. The os vaginae shewed no vestiges

of tlie membrane of tlie hymen, or, in oilier

words, was without caruncula; myrtiformes.

The canal of the vagina (fij-. 296, v) was about
two inches long, but witliout rugs, and it ter-

minated internally in a completely blind extre-

mity or cul-de-sac. The uterus was entirely

wanting, as were also the Fallopian tubes and
uterine ligaments.

The internal organs of reproduction were,
on the other hand, completely male. The two
testicles (fig. 295, g g) were situated in the
region of the pubis, and were scarcely clear of
the inguinal rings. They were of the usual
ovoid figure, and natural in size. They had
internally the structure of the tubuli seminiferi,

but it was not well developed. The spermatic
cords were quite normal both in regard to their

composition and the origin and course of their

bloodvessels. The right s|>ermatic artery (fig.

295, I) arose, as usual, from the renal, and
the corresponding vein (m), after forming the
pampiniform plexus (/c), opened into the vena
cava inferior; while on the leftside the artery

(/) arose from the aorta, and the vein (m) ter-

minated in the left emulgent. The epididymes
of the testes were also of the usual vermiform
figure, and the corresponding vasa deferentia

(fig. 295 & 296 /( h) coursed towards their vesi-

culse seminales {fig. 296, JJ, and terminated in

an attenuated membranous expansion without
any external aperture or ducti ejaculatorii.

The vesiculae seminales (see the left one 7 in

fig. 296) were placed between the urinary blad-
der (0) and rectum (r) ; they were smaller and
more shrunk than those of the adult male,
though certainly they preserved their naturally

oblong form. Their internal hollow or tubular

structure was indistinct. The prostate gland
was not present. The urinary bladder (o) and
ui-eters (11 n), the rectum (r), and the other

intestinal viscera, with the abdominal blood-

vessels (s, the aorta, t, the vena cava, fig. 295)
seem to have been all quite natural.

The head of the above individual was of the

usual size, the neck long, and the stature

ordinary. The jieriphery of the lliorax was so

expanded as almost to equal that of the male,
notwithstanding the presence of well pro-

nounced mamma;. The face, although entirely

free from hair, had yet neither tlie expression
of that of a female nor of a male, but shewed
more of that mixed character which is seen in

the eunuch. The pelvis was altogetiier that of
a male in its form and dimensions, and the

limbs were perfectly masculine. According to

infonnation collected after death, the voice was
deep, and the temperament strong and firm.

Though there was never any menstruation, yet,

from being con.staiitly employed in domestic
occupation, the mental character was feminine,

and the married state had been willingly entered
into.

2. Transverse hermaphroditism with the ex-

ternal sexual organs of the mute type.—The
male organs that are present consist of the

penis, which is provided with a regular formed
prepuce, glans, corpora cavernosa, and corpus
spongiosum, with the urethra perforating it,

and of the prostate gland, verumontanum, &c.
The co-existing female organs are the ovaries,

the Fallopian tubes with their infuntlibula, and
the uterus.

We are not aware of any recorded instances

of this variety of hermaphroditic malformation
among the lower animals. We have already,

under the head of spurious hermaphroditism
in the female from enlargement of the clitoris,

&c., mentioned several cases, in which, from
excessive developement, the external organs in

women had assumed some of the characters of
the corresponding parts in man ; but the two
following cases described by Professors Esch-
richt of Copenhagen, and Bouillaud of Paris,

present instances of malformation in which the

more exterior sexual organs were all formed
upon the male, and the internal upon the

female type.

a. The subject of the case described by
Eschricht* was a twin child that died very

shortly after birth, and in whom the external

sexual organs were of the male type, and the

internal female, lire penis (fig. 297, a) and
scrotum (/;) were well developed, but the usual
raphe seen upon the latter was absent. The
urethral canal of the glans and body of the

penis was pervious throughout, and admitted
of a sound being easily passed into the bladder.

The glans was remarkably thin and slender.

The prepuce coidd be easily pushed back. No
testicles could be felt in the scrotum, and in-

ternally there was an uterus widi Fallopian

tubes and ovaries. The uterus (c) was about
an inch in length, and had the geneiTil form
presented by this organ in female infants. It

contained a cavity marked with ruga, but had
no orifice inferiorly, nor any vagina attached

to it. Its blind or imperforate neck was firmly

attached to the posterior walls of the urinary

bladder (g), while its fundus was directed very

obliquely downwards and over to the left side.

From the left side of the fundus of the uterus

a twisted Fallopian tube (rf) proceeded, having

' Miillcr's Archiv fucr Anatomic, &c. 1836,
Ueft ii.
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Fig. 297. lar^ vessels was abnormal. The other twin

child was well formed and lived.

b. The case of transverse hermaphroclitism

observed by Hoiiillaiul* was even slill better

marked ihan that of Kschricht. Vnlmoiit, tlie

individual who was the subject of it, died in

one of the hospitals of Paris of the epidemic

cholera. He was a hatter by trade, and had
been married as a male. No further particulars

of his history or habits could be obtained.

The following was found by MM. Manec
and Uouillaud to be the stite of the external

and internal sexual organs.

Externally there was a penis Cfig. 298) of a

Fig. 298.

well developed fimbriae (e) at its abdominal
extremity, and the broad ligament or fold of
peritonaeum along which it ran contained an
oblong softbody (i), (which Eschricht considered

as distinctly an ovary,) and a round ligament

that took its course through the inguinal canal
of the same side. On the right side an ovary
(A') and Tallopian tulnj {J') were likewise dis-

covered, but tiipy were displaced and se])arated

from the body of the uterus. The ovary lay in

the iliac region, and above it and towards its

outer side was placed the fimbriated extremity
of the corresponding Fallopian tube. The tube

presented towards this extremity a vesicular

swelling of the size of a small pea, which
admitted of being inflated and filled with

auicksilver through a small opening between
le fimbrix. Below this it was impervious,

and apparently diverged off into two prolonga-

tions, one of which (the round ligament) passed
down into the inguinal canal, and the other

crossed over with a fold of peritonaeum to where
the rectum and urinary bladder were preter-

naturally connected together. Professor Jacob-
son suggested that tins latter part was a rudi-

ment of the right half or horn of the uteius.

It may perhaps, however, be more properly
regarded as the commencement of tlie right

Fallopian tube, and in tliis case it would, if

continued onwards, have been joined to the
neck of the uterus,—an arrangement which
would be quite in accordance with the usual
deep and displaced origin of one of the tubes
in instances of congenital obliquity of the
uterus.

The child was malformed in other respects

also. The anus was imperforate, and the
rectum (n) opened into the urinary bladder,
which was very contracted. The kidneys (»i)

were irregularly formed, and lay near tlie pro-
montory of the sacrum. There was an acces-
sory spleen, and the formation of tlie heart and

VOL. II.

medium size, terminating in a regularly formed
glans (a), and furnished with a prepuce (i).

The urethra (Jig- 299, b b) opened on die

inferior side of tlie glans (fg. 298 &. 299, a).

In its course fix)ra this point backwards to the

bladder, it perfectly resembled the urethra of the

male, and was surrounded at its origin by a well-

formed prostate gland (Jig. 299, k k). Cowper's
glands were also present (Jig. 298, d). Tlie

verumontanum or caput gallinaginis was dis-

tinct, as well as the orifices of the prostatic

follicles ; but the usual openings of the seminal

canals could not be found. The corpus s|X)n-

giosum urethne (Jig. 298, g) and tlie corpora

cavernosa (Jig. 299, m m) were as well deve-
lojied as in the perfect male subject. The
scrotum was small, and did not contain any
testicles; it presented on its middle a line or

raphd extendmg from the prepuce to the anus,

and which was harder ana better marked than

it usually is upon male subjects. Tlie various

muscles of the male perinaeum (Jig. 298, c c)
were present, and very perfectly formed. The
constrictores urinffi muscles (e) were particularly
long and thick.

In the cavity of the pelvis two ovaries (Jig.

299, d d), similar in form and structure,

according to M. Manec, to those of a girl of
fifteen or sixteen years of age, or (to adopt

* Journ. Hebdom. de M6d., torn. x. p. 466.
" Exposttioii Uaisonnee d'un cas de nouvelle et

singuiierp varicte d'ticrtuaphrudismc observce ches
rhommc."

3 A



706 HERMAPHRODITISM.

Fig. 299.

M. Bouillaud's statement) two bodies in some
sort fibrous, and peihaps intermediate in

their structure between ovaries and testicles,

were found along witli two Fallopian tubes

(fig- 299, g g), having each a fimbriated e.\-

tremity at one end, and opening by the other

into the cavity of an uterus (A) which occupied

the usual situation of that organ in the female,

and opened inferiorly into a kind of vagina (c).

The internal surface of the uterus showed the

usual arborescent wrinkles of this organ in the

unimpregnated state ; the os tinea; was regularly

formed ; the vagina was about two inches long,

and of a middle size, and presented internally

numerous ridges, such as are met with in

virgins. This canal, when opposite the neck

of the bladder at /', became much contracted,

and was continued downwards in the form of

a small tube to the membraneous portion of

the urethra, into which it entered by a narrow

orifice. The broad ligaments of the uterus were
normally formed ; the round ligaments passed

through the inguitial canal accompanied each

by an artery larger than that of the correspond-

ing one in the female sex.

The external appearance and form of Valmont
are described by M. Bouillaud as having been
intermediate hetween those of the male and
female sex. The stature was short; the mam-
mary glands and nipples were well developed

;

the face was bearded ; but the general phy-
siognomy was still delicate. The body was fat;

the hands and feet were small ; the pelvis was
shallow ; and the haunches were wider than in

a well-formed man.

i'. Double nr vertical hcniiapliro<liti<iin.—
In the two divisions or orders of true herma-
phroditism which have been already considered,

we have seen re-united upon the body of the

same individual more or fewer of the organs

of the two sexes, but so arranged as not neces-

sarily at least to present the occurrence of actual

duplicity in any of the conesponding male
and female parts. In both lateral and trans-

verse hermajihroditism the type of the sexual

apparatus is in fact single in so far that it con-

sists, in almost all cases, in the presence at

one i)art of an org;m or organs differing in

sexual type from those that are present at other

parts, without there necessarily co-existing at

any one point the two corresponding male
and female organs. In die present or third

variety, however, of true hermaphroditism, we
come to a tendency to actual sexual duplicity,

in the co-existence of two or more of the ana-

logous organs of the two sexes upon the same
side, or in the same vertical line of the body.

For, supposing we viewed, either from before

or behind, the reproductive organs belonging

to the two sexes all stretched out upon the

same erect plane, so that their corresponding

organs should be exactly superimposed upon
one another,—as the two female ovaries upon
the two male testicles, the Fallopian tubes upon
the vasa deferentia, the uterus u\)on the vesi-

cuIee seminales and |)rostate gland, &;c.,—we
should tind in vertical or double hermaphro-

ditism more or fewer of those analogous organs

of the two sexes that were thus placed upon
one another, and that consequently lay in the

same vertical line, or upon the same side of the

body, co-existing together at the same time

upon llie same individual.

Double, vertical, or complex hermaphro-

ditism differs much in variety and degree in

different cases, from the imperfect repetition of

two only of the corresponding organs of the

male and female upon the same body, to the

reunion or co-existence of almost all the genital

organs of both sexes upon one individual.

For the purpose of contrasting and collect-

ing together as much as possible the more ana-

logous cases, we shall arrange the instances of

double hermaphroditism under three genera

or divisions; ihejii-sl including cases in which
there co-existed a female uterus and male vesi-

cula; seminales, with a general female type;

the srcoiicl, those in which a female Jiterus,

occasionally provided with Fallopian tubes,

was added to an organiiation that was in other

respects essentially male ; and the thii-d com-
prehending all examples in which ovaries and

testicles are alleged to have been repeated toge-

ther upon one or both sides of the body. Oilier

divisions of double hermaphroditism may be-

come necessary under the accumulation of new
varieties of cases, but we believe it will be
jjossible to arrange all the instances hitherto

recorded under one or other of the above di-

visions. In classifying and describing these

instances we shall in the meanwhile offer no

observations on the probable anatomical mis-

takes that have been committed in the exami-
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nation of individu;)! cases. We reserve lliis

iinjiortant subject for speciiil consider.ition

under a separate head, wliere we shall endea-
vour to shew the numerous sources of error

with which the observation of individual ex-
amples and varieties of complex hermaphro-
ditism is beset.

I. Atale vesiciila: seminales, /fc. superadded
to nrginis of ii female sexual ti/ije.— In this first

genus of double hermaphro<litism we find two
female ovaries, or bodies resembling ovaries,

and an imperfect uterus co-existing with two
male vesicula; seminales, which aie occasion-

ally accompanied also with rudiments of the

vasa deferentia. One of the free-martins de-
scribed by Mr. Hunter* is referable to this

variety of double hermaphroditism. The ex-

ternal genital organs and mamma; resembled
those of the cow, but were smaller in size.

Tlie vagina, beyond the o|x;ning of the urethra
into it, was, with the utenis itsell, im|)ervious.

Tlie imperfect uterus divided into two horns,

at the end of which were the ovaria. On each
side of the uterus there was an intemipled vas

deferens broken off in several places ; and be-

tween the bladder and vagina these vasa de-
ferentia terminated in two vesiculic seminales.
The ducts from the vesicula; and the vasa de-
ferentia opened into (he vagina. In this in-

stance we have all the female organs present,

but imperfect in their development; and at the

same time there is superadded to them a tubu-
lar structure, formed, according to Mr. Hun-
ter's opinion, of the male vesicula; seminales
and vasa deferentia.

VN'e have met with a free-martin cow, in

which upon dissection we found an arrange-

ment of sexual parts very similar to that

described in the preceding ea.se. The uterus,

however, though small, was pervious for a
distance of some inches above the vagina

;

and at the abdominal end of each blind Fal-
lopian tube there was a dilated sac of con-
siderable size lined by peritonaeum, and open-
ing into theaMominal cavity by a small orifice.

These sacs we considered as abortive attempts
at the formation of the fimbriated extremities.

Tlie imperfect bodies which we considered as

testicles were placed near the cavities which
we mention, in the situation of the ovaries.

Tliey were small in size, and of an oblong
shape. On a section being made of them,
they shewed internally a kind of dense ho-
mogeneous yellow tissue, dotted or crossed
with strongly marked white lines. Tlie vasa
deferentia could be traced along each side of
the uterus in the form of broken dense cords.

The vesicula; seminales were large and partially

hollow, and near them on each side there was
an oblong body of considerable size, having
the a|)peai-ance of Cowper's glands. The tubes
from them, and from the vesicula: seminales,
opened near the os tinea; into a vagina of nearly
the usual size.

•2. An imperfect female uterus, ifC. super-
added to a sexual organization essetitiullj/ male.

• Sec An. Econ. p.tH. Mr.Wclt'» frcc-martin.

—In the cases included under this s^'cond

division of double hermaphroditism there exist

a male testicle, or testicles, vasa deferentia,

and vesiculx seminales, along with a female

uterus. Tlie uterus occupies iti normal siUi-

ation between the bladder and rectum. It is

sometimes defectively developed, and of a
membranous structure; and occasionally it is

not jirovided with I'allopian tiilies, or, in the

fjuadruped, with coniua. Tlie cavity of the

uterus communicates with a vagina that either

o|)ens in its usual situation externally, or, as
happens more frequently, joins the male ure-

thra. In some cases the va;;ina is wanting,

and the uterus opens directly into the canal of
the urethra.

Several cases of sexual malformation in the

ram, goat, and dog referable to this variety of
double hermaphroditism have been described
by difl'erent authors; and various analogous
instances have now also been observed in the

human subject

In a lamb described and delineated by Mr.
Thomas,* all the external parts were male, but
the scrotum was divided or hyposijadic. In-
ternally there were two perfect male testicles

in the situation of the ovaries, with their epidl-

dymes, vasa deferentia, and vesicula; seminales

;

and a well-formed two-liorne<l uterus furnished

with its usual ligaments, and with Fallopian

tubes that ran up and terminated in a tortuous

convoluted manner upon the testicles. The
body of the uterus possessed the common rugose
structure, but the horns were lined by a smooth
membrane without their usual glandular bodies
internally. At the anterior extremity of the
fundus uteri, a thick semilunar valve, which
seemed to correspond to the os tinea-, passed
across and hardly allowed a fine probe to be
entered over its upper edge. The vagina
scarcely existed, and formed only a short
smooth pouch terminating below in a cul-de-
sac. The male vesiculte seminales and vasa
deferentia entered the male urethra in their

normal situation at the caput gallinaginis.

Gurltf has described and delineated the

sexual parts of a goat in which all the inter-

nal male genitiil organs, with the exception
of Cowper's glands, were found (Jig. 300).
There was also present an uterus (r) provided
with long but narrow and curved cornua (ff),
that accom\)anicd the vasa deferentia and tes-

ticles through the abdominal rings, and ende<l

blind at the epididymes. The testicles lay

externally upon the udder, which was of con-
siderable size. The scrotum was absent; the

penis [g) was short, tortuous, and imperforate
;

and there was a fissure in the perioseum into

which the urethra (A) opened.

StellatiJ has recorded an analogous case in

the same animal. The male sexual organs

' London Med. and Phy». Joam. vol. ii. (1799'),

p. I, with a good drawing of the malformed orgaos
of generation.

t Lehrbiich dcr Pathol. Anat. Bd. ii. ». 195.
pi. ix. fig. 1 & 2, and pi. \xii. fig. 3 & 4.

t Atii del Ileal Insiii. d'lncoragg. alle Sc. Nat
Naples, torn. iii. p. 3tit).

3a2
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Fig. 300.

a a, the testicles ; bb, epididymcs; c c, vasa dcfc-

reotia ', dd^ vesiculie semiaales.

were not entirely complete, and there were
superadded to them a female vagina and an
imperfectly developed uterus, the Fallopian
tubes of wliich ran towards the inguinal rings,

and terminated with them upon theepididymes
of the testicles.

Another instance of hermaphroditic malfor-

mation in the goat, detailed at great length by
Meckel,* seems also in its principal points
justly referable to the present division of cases,

although there was at the same time a tendency,
in the unequal size of llie two cornua uteri,

&c., to a degree of lateral hermaphroditism.
Professor Mayer, of Bonn,t has detailed at

length the dissection of three hermaphroditic

goats, in all of which the conformation of the

sexual parts resembled in its more essential

?art3 the preceding cases of Tiiomas and Gurlt.

n all the three instances there were found two

male testicles with their epididymes, vasa de-

ferentia, and vesicula; seminales ; and at the

same time there was present a well-marked

female two-horned uterus, with a vagina oi)en-

ing into the urethra. In the first ciu^e the large

hollow cornua uteri terminated in blind ex-

tremities, and tliere were only very short im-

jiervious rudiments of tlie Tallopian tubes.

In the second case, at the extremity of the

right horn of the uterus, a blind appendicula

was situated, formed by a vestige (according

to Mayer) of the Fallopian tube ; and from

this a ligament was sent off to the correspond-

ing testicle; a similar ligament, but no appen-

dicula, existed on the left side. In the third

case both Fallopian tubes were nrescnt, and

each ended in a bursa formed by tlie lamina of

the peritona;um, and partly surrounding the

testicle and epididymes. In two of the in-

stances the ejaculatory ducts seem to have

opened into the urethra near the point at which

the vagina terminated in it; and in one of the

cases they opened into the canal of the vagina

itself before it joined that of the urethra. All

the external organs were male, but malformed

in so far that the penis was short, and in two

of the cases somewhat twisted; and the scrotum

was either small or wanting.

The same author* has described the dis-

section of a dog, the sexual org-.ms of which

exhibited a similar variety of hermaphroditic

malformation. The Fallopian tubes were per-

vious throughout in this instance, and at their

further extremities opened upon the neigh-

bouring cellular tissue. The body of the two-

horned uterus was very small. On compres-

sing the epididymes and vasa deferentia, a fluid

resembling semen issued from the openings of

the latter into the urethra. The external sexual

parts were those of a hypospadic male.

Several cases of hermaphroditic malforma-

tion in the human subject, similar in their

anatomical characters to the preceding, have

been described by Columbus, Harvey, Petit,

Ackermann, and Mayer.

a. In a person with external hypospadic

male organs, Columbus^ found two bodies like

testicles in the situation of the ovaries, and

larger in size than the latter female organs na-

turally are. From each of these testiform

bodies two sets of tubes arose, one of which,

like the male vasa deferentia, passed on to the

root of the jjenis and opened into the urethra

;

while the other, like the female Fallopian tubes,

were inserted into an uterus. The prostate

gland was absent.

b. Harvey J has mentioned a very small her-

maphroditic embryo, on which he found a

two-horned uterus witli two testicles of a very

• R il's Archiv fucr die Physiologie, Bd. xi. • lb. p. 16. tab. iv. fig. 3, external parts of

s. 334-8. generation ; fig. 4, internal.

t Iconcs Select. Praiparat. Mus. Anat. Bonn. t He Re Anat. lib. xv.

(1. 17-20. lal). iv. fig. 5, and tab. v. figs. 1,2, & 3. X l>e Gin. Anim. Excrc. Ixix. p. 304.
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small size, niul, ne:ir the diminutive |M;iii% some
traces of n prostate gland.

c. The observation of M. Petit,* of Namiir,

is still more compli'te. On the bofly of a sol-

dier, aped twenty-two, wlio died of his wounds,
and whose external organs a])i)ear to have
presented no deviation from the male type

except in the absence of the testicles from the

scrotum, these bodies, with male vasa defe-

rentia, vesicula; semiiiales, and a prostate, were
found to co-exist with female Fallopian tubes,

and an uterus that was attached to the neck
of the urinary bladder, and opened into the

urethra between this neck and the prostate.

The form of this imperfect uterus, M. Petit

remarks, merited for it rather tlie name of a
vagina than of an uterus, and it resembled
more this organ in the female quadruped than
in women. From the body of the uterus, at

three inches from its entrance into the urethra,

two F'allopian tubes arose. These tiibi^s were

f)erforaled, and were three inches and a half

ong; their abdominal extremities were not
loose and provided with timbrite, but were at-

tached to a small soft body on each side,

occupying nearly the natural situation of the
ovaries, but having the substance or structure
of the testicles, and provided with an epidi-

dymis and vas deferens. The vasa deferentia

were each seven inches and a half long, and
were attached to two long and rather slender
vesiculiE seminalcs placed alongside of the
uterus. The vesiculae opened into the urethra
by two ducts.

In a note appended to this case, M. Petit

states that he had been consulted by a man
who rendered blood by the penis regularly

every month, without pain or any troublesome
symptom. Perhaps, adds M. Petit, this man
had also a concealed uterus. We have been
informed, on credible authority, of two similar

cases, the one in a young unmarried man of
seventeen years of age, and the other in a per-
son who had been married for several years
without his wife having had any children. In
both of these cases the discharge was in very
considerable quantity, and perfectly regular in

its monthly occurrence. Did it consist in a
periodical hanionhage from the urinary blad-
der or passages only ? or was it, as M. Petit
seems to suppose in his instance, of a true
menstrual character, and produced by the re-

pro<Iuctive organs of the female existing inter-

nally, and communicating with the bladder or
urethra ?

d. Professor Atkermann,t of Jena, pub-
lished in 180.5 the following interesting case of
the present variety of hermaphroditic malfor-
mation. It occurred in an infant that lived
about six weeks after birtli. On dissection,
two testicles were found; one of them had
descended into the scrotum or labium ; the
other had advanced no further than the groin.
Both were perfectly formed, and had their usual
appendages complete. In the natural situa-

* Hist, dc I'Aca.l. Roy. dcs Sc. for 1720, p. 38.
t Infatuis anilrii(;yiii Uisloria ct icouographia,

Kdinb. Med. and Surg. Jgurn. vol. iii. p. 'XTZ.

tion of the female uterus, there was founil a

hollow pyriform orgiin, which, from its locality

and connections, was supposed to be an ute-

rus, though its coats were finer and thinner,

and its cavity greater than naturally belongs to

that viscus. Duplicalures of peritonajum, re-

sembling the ligamenta lata, connected this im-

perfect uterus with the sides of the pelvis, and

its cavity opened into a kind of short vagina,

which soon united with the urethra, and formed

one common canal with it (vagina tirelliralis).

The vasa deferentia ran from the testicles

towards the superior angles of the uterus, and

penetrated into its substance at the points

where the Fallopian tubes are usually placed.

Without opening here, however, they passed

onwards under the internal mucous-like mem-
brane of the uterus and vagina, and at length

terminated, by very small orifices, in the va-

gina urethralis. Immediately previous to en-

tering the ligamenta lata, each vas deferens

formed a number of convolutions, conglome-

rated into a mass resembling a vesicula semi-

nal is.

e. Steghlener* has described at great length

the case of an infant that survived only for

half an hour after birth, and u[>on whose body
he found perfect external male organs ijig.

301, (I b), and internally two small elon-

gated testicles (c c), with their epididymes (g g),
the convolutions of their vasa deferentia (b b)

» Dc U<nnaphr. Nat. p. 104.
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distinctly marked. Iktweeii the rectum aiul

bladder tliere was placed a very large pear-

shajied bag or pouch (/'), with firm, coria-

ceous, but not thick walls, aud distended with

Huid. This lias; or imperfect cystoid uterus

terminatnd inferiorly by a narrow neck, in a

vagina that opened into the urethra, in the situ-

ation of the verumontaiuuTi, and was tlieie

dilated into a large bag or ampulla, occupying

exactly the site of the jtrostate gland, and re-

semblin<r this organ also in its form and posi-

tion. The internal menibi-ane of tlie uterus

was collected at its neck into numerous val-

vular-hke folds, and that of the vagina had

also a rugous or plicated arrangement. From
the fundus of the large sac of the uterus, and
not from its angles, but from near its middle,

two impervious solid ducts (Fallopian tubes,

or rather vasa defcrentia,) arose, and after a

somewhat flexuous course reached tlie testicle

(c f) lying in the superior part of the iliac

fossa;. These ducts had attached to them at one

or two points a number of small reddisli nodules

(4 b), consisting, according to Steghleiier, of

glandular granules, and desciibed by Acker-

niann in Ins case as vesiculic seminales. The
canal of the urethra was obliterated for a short

distance towards the fossa navicularis, and the

urinary bladder (
/') and uterus (j i) were ex-

tremely distended, and the left kidney (»i) was
vesicular.

Mayer, in the work already referred to,* has

described and delineated the following five

citses of the present species of hermaphroditic

malformation in the human .subject, all of

which he had himself met with and dissected.

/'. In a fcetus of the fourth month, and
afi'ected with omphalocele and extroversion of the

urinary bladder,he found male testicles (fig. 302,

Fig. 302.

a n) with their epididymes {li li), and a two-

horned uterus (c) terminating in a vagina ((/),

that opened into the posterior part of the lui-

nai-y bladder (c). From the left testicle a con-

torted vas deferens (/)arose,and ran down to the

vagina; the right vas deferens (g) was shorter,

• Iconcs Select. &c. p. 8-16. Sec also Waltlier

and Graefe's Journal der Cliinirijie and Aiigen-

hcilVundc, Bd. vii. Hft. 3, and Bd. viii. Hft. 2.

and became thread-like, and disapiieared iieir

the corres[)onding cornu of the uterus. A ru-

diment only of the left male vesicula seminalis

was observable. The external organs were
male; the glans penis (A) was imperforate.

g. In another fcttus of the sixth month,*
tliere existed a perfect set of internal and exter-

nal male sexual org-ans, viz , testicles, epididy-

mes, vasa deferentia, and vesicuhe seminales,

with a prostate gland and a normally formed
penis and scrotum. But besides these, there

was also present an imperfect female uterus,

the body of which divided into two curnua, the

right longer and incurvated, the left shorter and
sacciform. Tlie neck of the uterus was marked
internally by its usual arborescent appearance ;

and it opened into a vagina that terminated in

the urethra near the exit of the latter from the

urinary bladder.

h. In a third casef of hermaphroditic malfor-

mation in an infant who diedof convulsions when
six months old, Mayer found the following blend-

ing of the organs of the two sexes. Of the

internal male genital organs there were present

two bodies at the inguinal rings that were evi-

dently testicles, (^/ig- 303, a, «) as was proved

Fig. 303.

not only by their position, but by their form,

coverings, connections, and internal structure,

(" theirsubstance," says Mayer, " being evident-

ly composed of yellow canals") ; their epidi-

dymes (i li) were also distinctly developed, and

each of them sent off a vas deferens (c r), which

* tconos, p. 8. tab. ii. lig. 5.

t Iconcs,
J). !*, tab. iii. lig. 1 and 2.
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was furnished with a corresponding multilocular

vesicula stminalis {d d). Of the internal fe-

male sexual organs there were found a perfectly

developed uterus (e c), with its broad (« n)

and round (o o) ligaments naturally formed
and placed, and provided with two Fallopian

tubes (./;/) that followed the course of the

testicles through the inguinal canals, and a va-

gina (g) which opened into the urethra (A) near
its external orifice. The ejaculatory ducLs of
the male vesiculs seminales opened into lliis

vagina at I and m. The internal surface of
the vagina was already beginning to present
the appearance of its usual rugs. The cavity

of the uterus was triangular, and exhibited on
the internal part of the cervix its characteristic

plicated or arborescent structure. The Fallo-
pian tubes were, at their uterine orifices, of a
large caliber; their cavity afterwards became
suddenly contracted, and then again dilated,

and terminated at their ulterior extremities,

where they lay in contact with the testicles at

the external inguinal rings, in blind sacs (i j),

without any very distinct appearance of fim-
bria'. The external genital parts in this very
interesting case were of a doubtful nature,
being referable either to those of a hypospadic
male, or of a female with a large clitoris, but
without nympha;, the meatus urinarius being in

its normal situation, but leading behind to the
cavities of both the urinary bladder and uterus.
The circle of the pelvic bones was large.

i. The two other instances described by
Mayer occurred in adult subjects, and the mal-
formation in both of them ditfered from that
found in the cases just now cited in this, that

there was only one testicle present along with
the imperfect uterus.

The subject of one of these cases* was a
person who died at the age of eighteen, and
whose external sexual organs were those of a
hypospadic male, with a narrow perinatal canal
or fissure. On dissection this perinaeal canal
was found to communicate anteriorly with
the urethra, and posteriorly with a vagina of two
inches and nine lines in length, and five or six
lines in caliber. The anterior and posterior
column of rugae belonging to the vagina was
only slightly marked. lis canal led to a
large dilated uterus, the superior part of which
was unlbrtunali-ly cut away with some dis-
eased viscera before the genital organs vtere
examined; but, from the portion left, this
organ seemed to resemble the uterus of quad-
rupeds in its oblong form, and in the thnmess
of its walls, which were composed of a caver-
nous fibro-vascular texture, and full of lacunae.
The usual arborescent appearance of the inter-
nal surface of the os uteri was very perfectly
marked. Besides these female organs, there
was a well-formed male i)rostate gland at the
neck of the bladder ; and behind the abdomi-
nal ring of the right side, a small roundish
body, similar in form and texture to the testi-
cle, and having the cremaster muscle adhering
to its membranous involucrum. There were
no traces of any similar organ on the left side.

• kones, p. 11, tab. iii. fig. 3 and 4.

On both sides some portions of a canal were
seen, but wliether they were the remains
of the vasa deferentia or Fallopian tubes was
not ascertained on account of the previous

mutilation of the uterus. On each side of the

neck of the uterus there was placed a vesicula

seminalis, provided with an ejaculatory duct
that opened into the orifice of the vagina.

The dimensions of the pelvis approached much
nearer to those of the female tlian those of the

male. In the secondary sexual characters of
the individual, the female type was further re-

cognised in the want of prominence in the

larynx, in the slender form of the neck, and
(according to Professor Mayer) in the rounded
shape also of the heart, the smallness of the

lungs, the oblong shape of the stomach, the

large size of the liver, the narrowness of the

forehead, and the conformation of the brain ;

while the individual approximated, on the

other hand, to the male in the length and posi-

tion of the inferior extremities, in the breadth

of the thorax, the undeveloped state of the

mammae and the hairy condition of their pa-
pilla;, and in the existence of a slender beard

uix>n the chin and cheeks.

j. In the second adult subject (a person of

eighty years of age) Mayer* found, on the left

side of the cavity of the abdomen, and near

the inguinal ring, a small oval body exhibiting

imperfectly in its internal structure the tubular

texture of the male testicle, and having an
appendix resembling the epididymis attached

to it. From this testicle arose a vas deferens,

which was joined in its course by a vesicula

seminalis, and ended in an ejaculatory duct.

On tlie opposite or right side a vesicula semina-
lis, having no continuous cavity, was present

;

but no vestige of a corresponding testicle, vas

deferens, or ejaculatory duel could be disco-

vered. The prostate gland was present, and
regularly formed. In the cavity of the pelvis

an uterus was found with jKirietes of moaerate

thickness, and of the usual cavernous texture

;

its cervix was marked internally with the appear-

ance of the natural arborescent rugae. I nferiorly

it opened into a narrow membranous vagina,

that received tlie right ejaculatory duct, then

passed through the body of the prostate, and
latterly joined the canal of the urethra. The
fundus of the uterus could not be examined, as

it had been removed in a previous stage of the

dissection. Tlie external parts were male and
naturally formed, with the exception of the

penis, which was shorter than usual, and had
the canal of the urethra fissured inferiorly, and
the meatus urinarius situated at its root. The
individual was during life regarded as a male,

but had all along remained in a slate of celi-

bacy. The general appearance of the face and
body was that of an imperfectly marked male,

but the [lelvis was broad like that of a female.

3. Cit-fxislence of J'emale ovaries and mule
testules.—This third division of complex or

double hermaphroditism includes all those cases

ill which a male testicle ami female ovary exist

together either uixm one side only, or upon

* Iconcs, p. IS, tab. iv. fij, 1 and 2.
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both sides of Ihe body. With this airange-
niem, other malformations by duplicity of the
sexual organs are generally combined ; but
these are so various in their character as not
easily to admit of any useful generalization.
In considering this third division of complex
hermaphroditism, we shall mention, _^rs*, tlie

cases in which twu testicles and one ovary are
stated to have co-existed ; and secondlt/, those
in which there have been supposed to be pre-
sent two testicles and two ovaries.

Two testicles and one ovary.—The two dis-

sections that we have previously detailed of
lateral hermaphroditic insects, (see Lateral
Hermaphroditism, p. 696,) shew tliat in these
two cases this variety of sexual duplicity existed.

It appears to have been observed also in two
instances of hermaphroditic malformation in

the quadruped, the histories of which have
been described by Mascagni and Mayer.

In a bull, nine years of age, and which
was provided with the usual external organs of
the male, Mascagni found internally, on dis-

section, a prostrate gland and two perfect

vesiculse seminales, vasa deferentia, epidi-
dymes, and testicles. The testicles and epi-

didymes were injected with mercury through
the vasa deferentia. In addition there was dis-

covered near the left testicle, and connected to

it by peritonaum and bloodvessels, a body
having the structure of the female ovary ; and,
in its normal situation, tliere existed a distended
double uterus, containing from fifteen to sixteen

pounds of a clear fluid. This uterus was
furnished with two Fallopian tubes at its upper
part, and terminated mferiorly in a vagina,
which opened by a small orifice into the male
urethra.*

In a goat dissected by Mayer,t he found
two testes with their epididymes fully developed,
and vasa deferentia and vesicula; seminales.
One of the testes was placed without and the
other still remained widiin the abdominal cavity.

At the same time there were present a large fe-

male vagina communicating with the urethra',

and a double- horned uterus provided with two
Fallopian tubes. One of these tubes terminated
in a blind canal, but the other had placed at

its abdominal extremity several vesicles, resem-
bling, according to Mayer, Graafian vesicles,

or an imperfect ovary. The vesicultE seminales
and (through regurgitation by the urethra and
ejaculatory ducts) the cavities of the vagina
and uterus, were filled with about four ounces
of a whitish fluid, having the colour and odour
of male semen. This fluid could not be found
by the microscope to contain any seminal ani-

malcules, but only simple and double Monades
( Monades termones et guttulas). Bergmann,
however, is alleged to have found it, on
analysis, to contain the same chemical principle

that characterizes human male semen.
Iwo testicles and two ovaries.—Various in-

stances have now been published in which this

sexual duplicity has been supposed to exist

• Atti deir Acad, delle Scicnze di Siena, t. viii.

p. 201.

t Iconcs, p. 20.

among cattle and other domestic quadrupeds,

as well as in the liuman stdjject.

One of tlie free-martins* described by
Mr. Hunter comes under this variety. In the

case referred to, in the situation of the ovaries

" were placed," to use Mr. Hmiter's words,
" both the ovaria and testicles,"'—or, as Sir

Everard Home, in alluding to this case, more
justly expresses it, " an appearance like both

testicles and ovaria was met with close toge-

ther."f l"he two contiguous bodies were nearly

of the same size, being each about as large as

a small nutmeg. There were no Fallopian

tubes running to the ovaries, but a horn of

an imperfect uterus passed on to tliera on each

side along the broad ligament. Pervious vasa

deferentia were found ; they did not, however,

reach up completely to the testicle on either

side, or form epididymes. Tlie vesiculse semi-

nales were present, and much smaller than in

tlie perfect bull. The external parts appear to

have been those of the cow, but smaller than

natural. The vagina passed on, as in the cow,

to the opening of the urethra, and, after having

received it and the orifices of the seminal ducts,

it began to contract into a small canal, which

ran upwards through the uterus to the place of

division of that organ into its two horns.

Velpeau,t in his work on Midwifery, men-
tions that in an embryo calf, he had " found

reunited the testicles and ovaries, the vasa

deferentia, and uterus."

In an hermaphroditic foal-ass, Mr. nunter§

found both what he considered to be two ovaries

placed in the natural situation of these bodies,

and two testicles lying in the inguinal rings in

a process or theca of peritonaeum similar to

the tunica vaginalis communis in the male ass.

No vasa deferentia or Fallopian tubes could be

detected ; but there was a double-horned

uterus present, and from its broad ligaments,

(to the edges of which the cornua uteri and

ovaries were attached,) there passed down on
either side into the inguinal rings a part similar

to the round ligament in the female. The
horns and fundus of the uterus were pervious ;

but its body and cervix, and the canal of the

vagina from above the opening of the urethra

into it, were imperforate. The external parts

were similar to those of the female ass; but

the clitoris, which was placed within the

entrance of the vagina, was much larger than

that of a perfectly formed female ; it measured

about five inches. The animal had two

nipples.

Scriba has given an account|| of an herma-

phroditic sheep, in which two large testicles

are stated to have been found in the scrotum,

at the same time that tliere existed, in their nor-

mal situation, two moderately sized ovaries,

and a small uterus furnished with two appa-

rently closed Fallopian tubes. The external

sexual [arts appear to have been those of a

• An. Econ. p. 63-64, pi. ix.

t Comp. An.if. vol. iii. p. 322.

} Traite do I'Art dcs Accoiichcmcus, t. i. p. 114.

^ An. Kcon. p. 58.

II
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malfurtned male, tlie jienis being sliorl and im-
pervious, the scrotum divided, and the urethra

opening into a contracted perina-al fissure re-

scmblui'j; the female vulva. This animal had
often attempted connection with the female

sheep.

liorkhausen* has described a very similar

case in the same species of animal. Each half

of the divided scrotum containe<l a le.sticle

which was regularly formed, but greater in size

lliaii usual, and furnished with a large sperma-
tic artery. The pelvis contained a normal
uterus, which was smaller, however, tlian na-

tural ; it was provided widi its usual ligaments.

The rallopian tubes were present but imper-
forate, and the two ovaries were full of vesicles

and inclosed in a strong membrane. The
vagina was natural and opened as in the female.

Behind the divided scrotum the rudiment of

an udder with four teals (instead of two) was
situated. Tlie male penis was also present,

but diminutive and short ; its erectores muscles
were small, and the prostate gland indistinct.

The urethra was single as it left the bladder,

but it afterwards divided into two canals, the

wider of which opened into the female vagina

and vulva, and the narrower ran through the

male penis. The urine passed in a full stream
through the former canal, and only by drops
through the latter. The animal is alleged to

have attempted coition in both ways.

In 1829, an account of an hermaphroditic

goat was published at Naples, which is said to

have been provided with both female ovaries

and male testicles.f The two ovaries occupied
their usual situation ; no Fallopian tubes were
found ; but there were present a double-homed
uterus with blind comua, and a vagina which
opened externally, as in the female. In the

neighbourhood of the ovaries, and more ex-

ternal than them, two small testicles were dis-

covered, having two va.sa deferentia arising

from them. The vasa deferentia ran down-
wards to two corresponding vesicula; seminales,

that were placed alongside of the uterus. In
the lower angle of the external pudenda, a
Ixxiy, resembling in length the male (lenis more
than the female clitoris, was situated : it was,

as we have already had frequently occasion to

mention in regard to the penis in malformed
male quadrupeds, of a very tortuous or con-
voluteil form.

We have had an opportunity of examining an
excellent preserved sjiecimen of double hernia-

pliroditism in the sow, referable to the present

section, which was met with some years ago by
Dr. Knox, and we have his permission to state

here the following particulars of the case.

Among the internal female org-ans there is

present a natural well-formed double uterus,

provided with broad ligaments and two hollow
comua, each about six or seven inches in length.

The fimbriated extremities are not distinctly

marked, the female tubes appearing to end

• Rhcinischcs Mag. zur Erwcitrrimg dcr Natur-
kun.li-. Gi.'ss.n 17!V3. Hd. i. s. (i(>8.

t Brcvi ceimu su tli ua Ncutro Capro ^ or.

Guilt's Pathologischou Anatomic, lid. ii. s. 198.

blind at their upper terminations, as they have
often been observed to do in simdar cases.

The OS uteri opens inferiorly into a vagina,

which seems normal in its structure. At a

short distance from the upper extremity of each
horn of the uterus, two bodies of considerable

magnitude are seen lying in close juxla-position.

The smaller of these two bodies is on either

side about the size and shape of a large almond ;

and though internally of an indeterminate

amor])hous structure, they are considered by
Dr. Knox its answering to the two ovaries.

The two larger bodies, which are placed

between the supposed ovaries and the upper
extremities of the comua uteri, are most dis-

tinctly testicles, as shewn by their numerous tor-

tuous seminiferous tubes, which have been suc-

cessfully filled with a mercurial injection. They
are of the full size of the organ in the adult

male. The seminiferous tubes of each testicle

terminate in a vas deferens, which was injected

from them ; and the two vasa deferentia run
downwards through the ligamenta lata of the

uterus, and terminate inferiorly in the upper
part of the vagina, thus following the course
of those natural canals in the female sow that

we shall afterwards have occasion to allude to

at greater length under the name of Gaertner'^

ducts, and which Dr Knox, from tlie evidence
of the present case, believes to be in reality

typical of the male vasa deferentia. Tliere is

no trace of vesiculse seminales. Externally

the vagina opened along with the urethra upon
the perina;um, at a point lower than natural in

the well-formed female. The clitoris in situa-

tion and size was nearly normal.

The animal at tlie time of death was fourteen

months old ; it was ferocious in its habits ; and
it had been in vain tried to be fattened. It liad

repeatedly shewn strong male propensities, and
at tlie season of heat its vagina is said to have
presented the usual injected appearance ob-
served in the female sow.

Dr. Harlan of Philadelphia* has lately

described a still more perfect instance of dou-
ble hermaphroditism than any of the preceding,

which he met with in tlie body of a gibbon or

orang outang, from the Island of Borneo
^Simia ctmcolor). This animal died of tulier-

cular disease in Philadelphia in 1826, when it

was considered to be under two years of age.

Dr. Harlan gives the following account of its

sexual formation. The penis (Jig.304, a) was
about one inch in length, and subject to erec-

tions ; it terminated in an imperforate glans

;

and a deep groove on its inferior surface served

as a mdimentary urethra. Tliis groove exiendetl

about two-tliirds of the length of the penis,

the remaining portion being covered with a thin

articular diaphanous membrane, which extended

also across the vulva (6), and closed the external

orifice of the vagina. The vagina was ratlier

large, and displayed transverse stria;. Traces

of the nymplix and labia externa were visible.

Tlie meatus urinarius opened beneath the pubis

into the vagina, but tlie urine must have been
directed along the groove of the penis by the

* Hcd, and Pbys. Rcuardic*, p. 19.
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Fig. 304.

External sejcval organs and testicles.

gg, the prepuce ; AA, the vasa defcreutia j », the
Quus j kh, ischiatic protuberances.

membrane obstructing the orifice of the vulva.

The OS tinea; was surrounded by small globular

glands. The orifice and neck of tlie uterus

admitted a large probe into the cavity of that

organ, which appeared perfect with all its ap-

pendages. The round and broad ligaments,

together with well-developed ovaries fjig. 305,
t> b), were all found in situ. The scrotum

Fig. 305.

Itttcnuil sexual organs seen from Ifchiiul.

d, the urinary bladder
; ff, rectum ; </</, broad

ligaments
i

cc. Fallopian tubes.

Cfig. 304, c) was divided, and consisted of a
sac on each side of the labia externa, at the

base of the penis, covered with hair. Tlie

testicles (fg. 304, d d) lay beneath the skin of
the groin about two inches from the sympliysis
pubis, obliquely outwards and upwards; they

appeared to be perfectly formed with the epi-

didymis (^t\f), &c. The most accurate examina-
tion could not discover vesiculae seminales ; but
an opening into the vagina, above the meatus
urinarius, appeared to be the orifice of the vas

deferens. In all other respects the male and
female organs of generation were in this animal
as completely perfected as could have been
anticipated in so young an individual, and
resembled those of other individuals of a
similar age.

Two imperfect instances are on record of the

co-existence of male testicles and female ovaries

in the human subject.

a. The first of these cases is detailed by
Schrell.* It occurred in an infant who died

when nine months old. All the internal and
external male organs were present and perfectly

formed, with the exception of the prepuce of the

penis, which seemed divided in front and rolled

up. At the root of the large penis, was a small

vulva or aperture capable of admitting a pea,

and provided with bodies having an appearance
of labia and nympha:. This vulva led into a
vagina that penetrated througli the symphysis
pubis, and terminated in a nipple-like body or

imperfect uterus, to which, structures having a
resemblance to the Fallopian tubes and ovaries

were attached.

b. The other and still more doubtful case of
the alleged existence of both testicles and
ovaries in the human subject, was first pub-
lished by Beclard.f The case was met with

by M.Laumonier of Rouen, who injected and
dissected the sexual parts, and deposited them
in a dried slate, along with a wax model repre-

senting them in their more recent condition, in

the Museum of the School of Medicine at

Paris. In the wax model two female ovaries

with an uterus, vagina, external vulva, and
large imperforate clitoris, are seen comljined
with two male testicles, the vasa deferentia of
which terminate in the uterus at the ])lace at

which the round ligaments are normally situ-

ated ; these ligaments themselves are wanting.

The preparation of the dried sexual parts is far

from being equally satisfactory, and, in its

present imperfect condition at least, does not

bear out by any means the complete double her-

maphroditic structure delineated in the model.

III. HERMAPlinODITISM AS MANIFESTED IN
THE GENERAL CONFORMATION OF THE 1H)DY,

AND IN THE SECONDARY SEXUAL CHARAC-
TERS.

In the preceding observations we have prin-

cipally confined ourselves to the description of

herma|)hroditic malformations as seen in tlie

resemblance in appearance and structure of the

* Schenk's Medic. Chiiurg. Arcliiv, IJd. i. s.

t IJulIct. do la Fai. de Med. 1815, p. 204 ; or.

Diet, dcs Sc. Med. x\i. p. 111.
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external genital parts of one sex to those of the

other, and in llie different degrees and varieties

of reunion or co existence of the reproductive

organs of the two sexes uixin the body of the

same individual. Hermaptiroditism, however,

may apjiear not only in what are termed the

primury sexual parts or characters, or, in other

words, in the organs more immediately subser-

vient to copulation and reproduction, but it

may present itself also in the sccumhiri/ sexual

characters, or in those distinctive (jeculiarities

of the sexes that are found in other individual

parts and functions of the economy, as well as

m the system at large. We have occasionally

an opportunity of observing some tendency to

an hermaphroditic type in the general system,

without there being any very marked corre-

sponding anormality in the sexual organs them-
selves, but it rarely happens that there exists

any hermaphroditic malformation of the primary

organs of generation, without there being con-

nected with it more or less of an hermaphrodi-

tic type in the secondary sexual characters

;

and this circumstance often offers us, in indivi-

dual doubtful cases, a new and perplexing

source of fallacy in our attempts to determine

the true or predominating sex of the malformed
individual. Before, however, describing that

variety of hermaphroditism which manifests

itself in the general system and in the secon-

dary sexual peculiarities, it will be necessary,

in order to understand its nature and origin, to

premise a few remarks on the dependence and
relation of these secondary characters upon the

normal and abnormal conditions of tlie primary

sexual organs.

That the various secondary sexual peculiari-

ties which become developed at the term of

puberty are intimately dependent upon the

changes that take place at the same period in

the organism of the female ovaries and male
testicles, seems proved by various considera-

tions, particularly by the effect produced by
original defective development and acquired

disease in these parts, and by the total removal
ofthem from the body by operation. In consi-

dering this point we shall speak first of the

effects of the stales of the ovaries upon the

female constitution, and shall then consider

those of the testicles upen the male.

When the usual development of the ovaries at

the term of puberty does not take place, the se-

condary sexual characters which are naturally

evolved in the female at that period do not pre-

sent themselves ; and this deficiency sometimes
occasions an approach in various points to the

male formation. Thus in a case recorded by
Dr. Pears,* of a female who died of a pectoral

affection at the age of twenty-nine, the ovaries

on dissection were found rudimentary and in-

distinct, and the uterus and Fallopian tubes
were present, but as little develo]>ea as before

puberty. This individual had never menstru-
ated nor shewed any signs, either mental or

corporeal, of puberty. The mamma; and nip-

ples were as little devtlojied as those of tlie

male subject. She had ceased to grow at ten

• I'liil. Trans, for 1805, p. 225.

years of age, and attained only the height of

four feet six inches.

In another analogous instance observed by
Renauldin,* scarcely any rudiments of tlie

ovaries existed, and the body of the uterus was
absent, but the external genital female organs

were well formed. The individual who was
the subject of this defective sexual development

had never menstruated ; the mamma; were not

evolved ; in stature she did not exceed three

and a half French feet; and her intellect was
imperfectly develojied.

In reference to these and other similar in-

stances that might be quoted.f it may be ar-

gued that they do not afford any direct evidence

of the evolution of the sexual characters of the

female dei)ending upon that of the ovaries, as

the arrestment in the development of both may
be owing to some common cause which gives

rise at the same time to the deficiency in the

development of the genital organs, and to the

stoppage of the evolution of the body in gene-

ral. Th.it the imperfection, however, in the

organism of the ovaries may have acted in such
cases as the more immediate cause or precedent

of the imperfection or non-appearance of the

secondary characters of the sex, seems to be
rendered not improbable, in regard to some, if

not to all the instances alluded to, by tlie fact

that the removal of these organs before the

period of puberty, as is seen in spayed female
animals, entails, upon the individuals so treated,

the same neutral state of the general organiza-

tion as was observed in the above instances

;

or, in other words, we have direct evidence that

the alleged effect is capable of being produced
by the alleged cause ; and further, when in

cases of operation or disease after the period of
puberty, both ovaries have happened to be de-

stroyed, and their influence upon the system

consequently lost, the distinctive secondary

characteristics of the female have been observed

also to disappear in a greater or less degree.

Thus in the well-known case recorded by
Mr. Pott, I the catamenia became suppressed,

the mamroee disappeared, and the body be-

came thinner and more masculine, in a healthy

and stout young woman of twenty-three years

of age, whose two ovaries formed hernial tu-

mours at the inguinal rings, and were, in con-
sequence of their incapacitating the patient

from work, both removed by o|Kration.

Many fects seem to show that the act of
menstruation most probably depends upon
some periodical changes in the ovaries, if not,

as Dr. Lee§ supposes, in the Graafian vesicles

of these organs; and when the ftmction be-

comes suddenly and permanently stop[ied in a

* Seances de I'Acad. Roy. dc M6d. 28 Fevricr
1826, and Medical Repository for 182tj, p. 78.

t Davis, in his Principles and Practice of Obste-
tric Medicine, p. 513, refers to several instances in

point. We may mention that Dr. Haighton found
that after the Fallopian tubes were divided in rab-

bits, the ovaries became gradually atrophied, and
the sexual feelings were lost. Phil. Trans, for

1797, p. 173.

} Surgical Works, vol. iii. p. 329.

§ Article OVARY in Cyclo. of Pracl. Med.
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woman at tlie mitliUe period of life, witlioiit

any indications of the catamcnial fluid being

merely meclianically retained, we may perhaps

suspect with reasonable probability the exist-

ence of a diseased state whicli has destroyed

either successively or simultaneously the func-

tions of both ovaries. In sucli a case the dis-

tinctive secondary peculiarities of the female

sex come to give place to those of the male.

Thus Vaulevier mentions an instance in which

menstruation suddenly ceased in a young and

apparently healthy woman ; no general or local

disease followed ; but soon afterwards a perfect

beard began to grow upon her face.* Again,

in women who have passed the period of their

menstrual and child-bearing life, and in whom
consequently die functions and often the healthy

structure of die ovaries are lost or destroyed, we
liave frequently an opportunity of observing a

similar tendency towards an assumption of

some of the peculiarities of the male ; an in-

crease of hair often appears upon the face, the

mammae diminish in size, the voice becomes
stronger and deeper toned, the elegance of the

female form and contour of body is lost, and

frequently the mind exhibits a more determined

and masculine cast. Women, both young
and aged, with this tendency to the male cha-

racter, are repeatedly alluded to by die Roman
authors under the name of viragines ; and Ilip-

pocratesf has left us the description of two

well-marked instances.

Among the females of the lower animals a

similar approach to the male character in the

general system not unfrequently shows itself

as an effect both of disease and malformation

of the sexual organs, and also in consequence

of the cessation of the (lowers of reproduction

in the course of advanced age. Female deer

are sometimes observed to become provided at

puberty with the horns of the stag,j and such

• Joum. deMid. torn. Ixix. and Meckel in Reil's

Arch. Bd. xi. 8. 275. Meckel quotes other similar

cases from Segcr in Ephem. Nat. Cur. Dec. i.

Ann. ix. and x. obs. 95; Vicat, sur la Plique

Poloniiise, in Murray's Pr. Bibl. Bd. i. s. 578
;

and Schurig's Parthcnologia, p. 184. Burtin pub-

lished an express treatise on tbe subject, De l)arba

mulierum ex menstruorum suppressione, Altorf.

16()4. See also Mailer's Klem. Phys. torn. v. p.

32 ; Reuss, Repcrt. Comment, tom. x. p. 205

;

Kbie, Die Lchre von den Haaren in der organischen

Natur. Hd. ii. s. 222. Vicn. 1831 ; and Mehliss,

Uebor Virilescenz und Ilcjuvencscenz thierischer

Kiirpcr. Leipz. 1838, who quotes several cases

additional to those of Meckel.
* De Morb. Vulg. lib. vi. ss. 55,56. " Abderus

Phactusa, Pythei conjunx, antea per juventam
f(£cunda erat ; viro autem ejus exortante, diu ar-

ticulos exorti sunt. Qu« ubi contigeruut, turn cor-

pus virile, turn in universum hirsutum est rpddi-

tum, barbaque est enata, ct vox aspera reddita.

Sed cum omnia qu:E ad mens''S deducendos facerent

tentassemus, non profluxerunt, vorum hand ita

iniilto post vita funcla est. Idem quoquc in Tliaso

Namysia?, Gorgippi conjugi, contigit," Hippocr.

Op. ed. Focsii, p. 1201.

X Camden's Angl. Norm. (1603) p. 821. Lan-
pelot Eph. Nat. Cur. Dec. i. ann. ix an<l x. obs.

88. Ridinger's Abbild. Soltjenor ThiercTaf. 7J>. or

Meckel in Keirs Archiv, fiir die Physiol. Bd. xi.

p. 273.

animals are generally observed to be barren,*

probably in consequence either of a congenital

or acquired morbid condition of their ovaries

or other reproductive organs. In old age, also,

after the term of their reproducti\e life has
ceased, female deer sometimes acquire the

horns of the male in a more or less perfect de-

gree;t and Burdach alleges that roes sometimes
become provided with short horns when they

are kept from the male during the rutting sea-

son, and at the same time furnished with abun-
dant nourishment.! Mehliss § alludes to two
cases in wliich a virilescent type was shewo
principally in the hair of the female deer. In
one of these instances the hair of the head,
neck, and abdomen, the shape of the ears and
extremities, and the odour of the animal, gave
it the closest resemblance to the male, and it

followed the other females as if urged by sexual

desire.

This kind of acquired hermaphroditism in

aged females has, however, been moie fre-

quently and carefully attended to as it occurs

in Birds than as met widi among the Mamma-
lia, the change to virilescence in the former
being more marked and striking than in the

latter, owing to the great difference which gene-
rally exists between the plumage of die male
and female.

II
When old female birds live for

any considerable period after their ovaries have
ceased to produce eggs, they are usually ob-
served to assume gradually more or less of the

plumage and voice, and sometimes the habits

also of the male of their own si^ecies. This
curious fact, first pointed out by Aristotle^ in

relation to the domestic fowl, has now been
seen to occur in a number of other species of
birds, but particularly among the Gallinaceae.

It has been in modern times remarked in the

common fowl ( Phusiunus guUus) by Tucker,
Butler, and .Tameson ; in the common pheasant
(P. colcldcus) by Hunter and Isidore St.

Hilaire; in the golden pheasant (P.pktus)
by Blumenbach and St. Hilaire ; in the silver

pheasant (P. tiychemems) by Bechstein and
St. Hilaire ; in the turkey (Mdaigris) by
Bechstein ; in the pea-hen (Pavo) by Hunter
and Jameson ; and in the partridge ( Tetrao
pcrcinx) by Montagu and Yarrell. Among
the Cursores it is mentioned as having occurred
in the bustard (Otis) by Tiedemann, and in

the American pelican (Plulaha uiaia) by
Catesby. In the order Palmipeda: it has been
observed by Tiedemann and llumball in the

* Wildungcn, Taschenbuch fiir Forst- uud Jagd-
frcundc, s. 17.

t Otto's Path. Anat. by South, p. 166, s. 123,
n. 18, for list of cases.

t Phys. vol. i. § 183, p. 318.

$ Ueber Virilescenz Thicrisch. Kocrpcr ; or
British and Foreign Med. Review, vol. vi. p. 77.

II
It occurs also more frequently among birds

than among mammalia, from the former possessing
only a single ovary.

1 " Gallini, cum vicerint gallos. concurrunt ma-
rcsque imitandi subagitare conantur. Attollitur
etiam crista ipsis, simul ct chines (uropygium);
adeo ut jam non facile diagnoscanlur un Iteminai
sint. Quibusdarn eliaio calcaria parva surrigun-
tur." ilist. Animal. lib. ix. ca]>. 36.
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domestic and wild duck (Anas boscha).

Among tl>e Scansort'ii it lius been seen in tlie

cuckoo (Cucului canorui) by I'ayraudeau

;

and among the Passeres in the cotnig-a (Am-
lielis) by Dufresne ; in the citattinch ( i'rin-

gillit) and rougequeue ( MvtucUlaJ by Prevost

;

and in ll>e bunting ( Emberiza paradiuta aiid

longuauilu) by Ulumenbach.
This change of plumage in old female birds

commences,according to M. Isidore St. Hilaire,*

much sooner in some instances than in others

;

it may only begin to show itself several years

after the bird has ceased to lay, though depend-
ing more or less directly upon this phenomenon,
and sometimes it commences immediately after

it. The change may be effected in a single

season, though in general it is not complete for

some years. When it is perfected, tlie female

may display not only the variety of colours, but

also the brilliancy of the male plumage, which
it sometimes resembles even in its oniamental

appendages, as in the acquisition of spurs, and,

in the domestic fowls, of the comb and wattles

of the cock. The voice of the bird is also very

generally changed. Its female habits and in-

stinct are likewise often lost ; and, in some in-

stances, it has been seen to assume in a great

degree those of the male, and has even been
observed to attempt coition with other females

of its own species f In most of the female

birds that have undergone this change, the

ovary has been found entirely or partially dege-

nerated, though in a few cases the morbid alte-

ration is not very marked, eggs having even
been present in the organ in one or two in-

stances. In general, however, it is greatly

diminished in size, or has become altogether

atrophied ; but the jierfection of the change in

the plumage does not seem to bear any direct

ratio with the degree of morbid alteration and
atrophy in the ovary.

That the changes towards the male type, de-

scribed as occasionally occurring in old female
birds, is directly de|)endent, not upon their age,

but upon the state of the ovaries in them,
seems still ftirther proved by similar changes
being sometimes observed in these females long
previous to the natural cessation of the powers
of reproduction, in consequence of their ovaries

having become wasted or destroyed by disease.

Greve,t in his Fragments of Comparative
Anatomy and Physiology, states that hens
whose ovaries are scirrhous crow sometimes
like cocks, acquire tail-feathers resembling

* Edinburgh Joum. of Pbilosoph. Science, ( 1826')

p. 308.

t Rumball, in Home's Comparative Anatomy,
vol. iii. p. 330, states having observed an old <Iuck

which had assumed the male plumage, attempt
sexual connection with another female. This may
perhaps enable us to understand the reputed cases
of hermaphroditism in women, who, as related by
MoUerus (Tract, de Ilermaphr. cap. ii.) and Blao-
card, (Collect. Medico- IMiys. cent. iii. obs. 80.)
after having themselves borne children became ad-
dicted to intercourse with other females. Of cotirsc
we cannot give our credence to the alleged success-
ful issue of such intercourse.

t ilruchstucckc sur vcrglcich. Anat. and Physiol.
9. 45.

those of the mala, and become furnished with

large spurs. The Siime author mentions also

the case of a duck, which, from being previously

healthy, suddenly acquired the voice of the

male, and on dissection its ovary was found
hard, cartilaginous, and in part ossified.

Mr. Yarrell, in a paper read before the Royal
Society in 1827,* has stated that in a number
of instances he had observed young female

pheasants with plumage more or less resem-
bling the male, and in all of them he found on
dissection the ovaries in a very morbid state,

and the oviduct diseased throughout its whole
length, with its canal oblitetuted at its upper
part. He also shews that a similar effect upon
the secondary sexual characters of tlie female
bird is produced by the artificial division and
removal of a small portion of their oviduct in

the operation of making capons of female poul-
try ; and he states that his investigations have
led him to believe that in all animals bearing

external characters indicative of the sex, these

characters will undergo a change and exhibit

an appearance intermediate between the [lerfect

male and female, wherever the system is de-
prived of the influence of the true sexual organs,

whether from original malformation, acquired
disease, or artificial obliteration.f

From the frequency with which casti:ation is

performed, the effects of the testicles in evol-
ving the general sexual peculiarities of the male
have been more accurately ascertained than
those of the ovaries upon the female consti-

tution. Tliese effects vary according to the age
at which the removal of the testicles takes

Elace. When an animal is castrated some time
efore it has reached the term of puberty, the

distinctive characters of the male are in general

never developed ; and the total absence of these

characters, together with the softness and re-

laxation of tlieir tissties, the contour of their

form, the tone of their voice, and their want
of masculine energy and vigour, assimilate

them more in appearance and habits to the

female than to the male type. If the testicles

are removed nearer the period of puberty, or

at any time afler that term has occurred, and

• Phil. Trans, for 1827, part ii. p. 268.

t On old or diseased female birds assuming the
plumage, &c. of the male, sec J. Hunter, Observ.
on the An. Econ. p. 75 ; E. Home, Lect. on Comp.
Anat. vol. iii. p. 329 ; Mauduit, in Encycl. Method,
Art. Fai:ian, torn. *ii. p. 3 ; Kutter, in Wrrnerian
Soc. Mem. vol. iii. p. 183 j Schneider's Notes, in

his edition of the Emperor Frederick the Second's
Treatise •* De Arte Venandi cum Avibus;" Tucker's
Oruithologia Damnoniensis ; Catesby's Naturml
History of Carolina, &c. i. t. 1. ; Bcchstein,
Naiurgeschichte d. Deutschlands, bd. ii. $ 116;
Blumenbach, De anomalis et vitiosis quibusdam
nisus formativi aberrationibus, p. 8 ; and Fnstit. of
Physiology, p. 369 ; Payrandeau, Bull, des Se.

Nat. t. xiii. p. 243 ; Ticdemann, Zoologie, vol.

iii. p. 306 ; Geoff. St. Hilaire, Phil. Anat. torn, ii,

p. 360 ; Isid. St. Hilaire, Mem . du Mus. d'Hist. Nat.
torn. xii. p. 220 ; Annal. des Sc. Nat. t. vii. p. 336,
or Edinburgh New Philosophical Journal for 1826,

p. 302, with additional cases by Professor Jameson,
p. 309; Kob, De mutationc sexus, p. 11. Berlin,

1823 ; Yarrell, Phil. Trans, for 1827, p. 268. with
a drawing of the diseased ovaries, &c.
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when the various male sexual peculiarities have

been already developed, the eHect is seldom
so striking; the sexual instincts of the animal,

and the energy of character which these in-

stincts impart, are certainly more or less com-
pletely destroyed, and the tone of the voice is

sometimes changed to that of puberty ; but the

general male characteristics of form, such as

the beard in man, and the horns in the Ru-
minantia, most commonly continue to grow.

In animals, such as the stag, which possess

deciduous horns, the removal of the testicles

during the rutting season causes the existing

horns to be permanent ; and if the operation is

performed in an adult animal wlien out of heat,

no new horns in general appear.* In the ox,

the effect of castration upon the growth of the

horns, even when performed before the time

of puberty, is quite remarkable ; for instead of

having their development altogether stopped,

or their size at least diminished by the opera-

tion, as occurs in the ram and stag, the volume
of these appendages is even increased by the

operation, the horns of the ox bemg generally

larger but less strong than those of the entire

bull. Castration in the boar causes, according

to Greve,t the tusks to remain small, and pre-

vents altogether the replacement of the teeth.

This author also states that the same operation

on the horse prevents the full development of

the neck, renders the teeth smaller and slower

in their growth, increases the growth of the

hair, and the size of the horny protuberances

on the inside of the legs. The prostate gland,

he further alleges, as well as the vesiculae se-

minales, become augmented as much as a
third in their volume in consequence of the

operation.J
The removal of the testicles both before and

after the period of puberty commonly gives

rise to another singular effect,—to an increased

deposition of fat over the body, as has already

been mentioned in the article Adipose Tissue,
and from this circumstance the general form
of the body, and in man that of the mammte,
is sometimes modified in a degree that in-

creases the resemblance to the opposite sex.

In the sterile of both sexes in the human sub-

ject an unusual corpulency is not uncom-
mon, and the same state is often met with in

old persons, and particularly in females, after

the period of their child-bearing life is past.

The nature of the effects produced by the

existence and functional activity of the testicles

and ovaries upon the development of the se-

condary sexual characters of the male and
female, may be further illustrated by what
occurs in the season of heat to animals such

as the deer, sheep, birds, &c. that have peri-

odical returns of the sexual propensity. At these

periods all the distinctive general characters

of the sexes become much more prominently

developed, in conjunction with, and apparently

in consequence of, the changes which have

• Buffon, Hist. Nat. torn. vi. p. 80.

t Bruchstucckc zur Vorgl. Anat. uiul Physiol.

|.. 41.

J Loc. cit. p. A5.

been ascertainetl by observation to occur at that

time in the relative size and activity of the in-

ternal organs of generation. Thus with the

return of the season of sexual instinct the

dorsal crests and cutaneous ear-lobes of tritons

enlarge; in Batrachian Reptiles the spongy

inflations of the thumbs become increased in

size; the various species of singing birds re-

acquire their vocal powers ; and some, as the

cuckoo and quail, appear capable of exercising

their voice only at this period of the year.

At the pairing season also the plumage of birds

becomes brighter in tint, and in some instances

is in other respects considerably changed, as

in the male ruff ( Tringa pugimx), who then

reassumes the tuft of feathers upon his head

and neck, and the red tubercles upon his face

that had fallen off during the moulting, and

thus left him more nearly allied in appearance

to the female during the winter. In reference

to this subject, it appears to us interesting to

remark, that in certain birds, as in the different

species of the genus Fringilla, the male pre-

sents in winter a plumage very similar to that

of the female,* and in the present inquiry it is

important to connect this fact with the very

diminutive size and inactive condition of the

testicles of these birds at that season. (See

AVES.)
From the remarks that we have now made

upon the influence of the ovaries and testicles

in developing the general sexual peculiarities

of the female and male, it will be easy to con-

ceive that when, in cases of malformation of

the external genital organs giving rise to the

idea of hermaphroditism, there is at the same

time, as sometimes happens, a simultaneous

want of development in the internal organs of

reproduction, particularly in the ovaries and

testicles, the general physical and moral pecu-

liarities distinctive of the sex of the individual

may be equally deficient, or have a tendency

even to apiiroach in more or fewer of their

points to those of the opposite sexual type.

In this way we may, it is obvious, have general

or constitutional hermaphroditic characters, if

they may be so termed, added to those al-

ready existing in the special organs of gene-

ration, and rendering more difficult and com-
plicated the determination of the true sex of

the malformed individual. Some cases of spu-

rious hermaphroditism in the male published

by Sir E. Ilomef may serve to illustrate this

remark

.

A marine soldier, aged twenty-three, was

admitted a patient into the Royal Naval Hos-

pital at Plymouth. He had been there only a

few days, when a suspicion arose of his being

a woman, which induced Sir Everard to ex-

amine into the circumstances. He proved to

have no beard; his breasts were fully as large

as those of a woman at that age; he was in-

clined to be corpulent; his skin was uncom-

monly soft for a man ; his hands were fat and

short, and his thighs and legs very much like

those of a woman : the quantity of fat upon

• Stark's Elements of Nat. Hist, vol.i. p. 24:i.

t Comp. Anat. vol. iii. p. 320.
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the OS pubis resembled the mons veneris ; and
m ndditioii lie wns wenk in liis intellect, and

di'ticient in bodily strength. Tlie external

genital org-ans shewed him to be a male, but

tlie penis was nnusually small, as well as short,

and not liable to erections ; the testicles were

not larger in size than they commonly are in

the fculal state ; and he had never felt any pas-

sion for the opposite sex.

The following cases by the same author

strongly illustrate this subject.' In a family of

three children residing near Modbury in De-
vonshire, the second, a daughter, was a well-

formed female, the eldest and youngest were
both malformed males. The eldest was tliir-

teen years of age. I lis mons veneris was
loaded with fat ; no penis could be said to be

present, but tliere was a pneputiuni a sixth of

an inch long, and under it tne meatus urina-

rius, but no vagina. There was an imperfect

scrotum with a smooth surfete, there being no
raph<^ in the middle, but, in its place, an in-

dente<I line ; it contained two testicles, of the

size that they are met with in the foetus. I lis

breasts were as large as those of a fat woman.
He was four feet high, and of an uncommon
bulk, his body round the waist being equal to

that of a fat man, and his thighs and legs in

pro()ortion. lie was very dull and heavy, and
almost an idiot, but could walk and talk ; he
began to walk when a year and a half old.

The younger brother was six years old, and
uncommonly fat and large for his age. He
was more an idiot than the other, not having

sense enough to learn to walk although his

limbs were not defective.

A case in a similar manner confirmatory

of the preceding remarks is mentioned by Itard

de Riez.f A young man, aged twenty-three,

had no testes in the scrotum, a very small penis,

not capable of erection, and a divided scrotum.

He was in stature below the middle size. His
skin was soft, smooth, and entirely free from
hair, the place of the beard being supplied by
a slight down. The voice was hoarse; the

muscles were not well marked ; the form of the

Idlest
resembled that of the female, and the

pelvis was extremely broad and large. Tlie

nitellectual faculties were very dull, and tlie

sexual api^etite was entirely wanting.

Renauldin, also, in the same work,J has re-

corded another case in point. In a soldier of

twenty-four years of a'j;e, whose genital organs
were extremely uiidevelo|)cd, his penis being
only of the size of a small tubercle, and his

testicles not larger than small nuts, the pelvis

was broad ; the chest narrow ; the face and

I

body in general were not covered with hair,

with the exce])tion of a small (juantity upon
the pubis ; the voice was feminine, and the

mammary glands were as perfectly developed
as in the adult female. The body of this in-

dividual was rather lean than otlierwise. The

• n>. p. 320-21.

t Slinioirt-5 lie la Saii6t£ Mcil. d'Emulation,
tom. iii. p. 293-5.

X Tuni. i. p. 241.

mamroa: had begun to enlarge when his body
attained to its full stature at sixteen years of
age. He had all the habits and sexual desires

of the male sex.

In quadrupeds as in man, when the tes-

ticles or ovaries are imperfectly formed, the

secondary sexual peculiarities are frequently

so defectively evolved as to offer a kind of her-

maphroditic or neutral type in the general con-

figuration and characters of tlie animal. Thus,
the free-martin does not present an exact

analogy in form either with the bull or cow,

but exhibits a set of characters intermediate

between both, and more nearly resembling

those of the ox and of the spayed heifer. In
size it resembles the castrated male and spayed
female, being fonsiderably larger than either

the bull or the cow, and having horns very

similar to those of the ox. Its bellow is simi-

lar to that of the ox, being more analogous
to that of the cow than of the bull. Its flesh,

like that of the ox and spayed heifer, is gene-

rally much finer in its fibre than tlie flesh of

either the bull or cow, and is supposed to

exceed even that of the ox and heifer in deli-

cacy of flavour.*

The consideration of tlie various facts tliat

we have now stated inclines us to believe that

the natural history characters of any species

of animal are certainly not to be souglit for

solely either in the system of the male or ii»

that of the female; but, as Mr. Hunter pointed

out, they are to be found in those pro|)ertie»

that are common to both sexes, and which we
have occasionally seen combined together by
nature upon the bodies of an unnatural her-

maphrodite; or evolved fi-om the interference

of art, upon a castrated male or spayed female.

In assuming at the age of puberty the distinc-

tive secondary peculiarities of his sex, the
male, as far as regards these secondary pecu-
liarities, evidently passes into a higher degree

of development than the female, and leaves

her more in possession of those characters that

are common to the young of both sexes, and
which he himself never loses, when his tes-

ticles are early removed. These and other

facts connected with the evolution of both the

primary and secondary peculiarities of the

sexes further appear to us to shew that, phy-
siologically at least, we ought to consider the

male type of organization to be the more per-

fect as respects the individual, and the female

the more perfect as respects the species.

Hence we find that, when females are mal-

formed in the sexual parts so as to resemble

the male, the malformation is almost always

one of excessive development, as enlargement

of the clitoris, union of the labia, &c. ; and,

on the other hand, when the male organs are

malformed in such a manner as to simulate the

female, the abnormal appearance is generally

capable of being traced to a defect of deve-

lopment, such as the want of closure of the

perinaeal fissure, and of the inferior part of the

urethra, diminutive size of the penis, retention

* Hnntet'i Obs. on the An. Econ. p. 60.
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of the testicles in the abdomen, &c. In tlie

same way, when llie fema'e assumes the secon-

dary characters of the male, it is either, first,

wlien by original nialforniatioii its own ovaries

and sexual organs are so defective in structure

as not to be capable of talsing a part in tiie

function of reproduction, and of exercising

that influence over the general organization

which this faculty inij)arts to ihera; or,

secondly, when in the course of age the ovaries

have ceased to be capable of performing the

action allotted to them in the reproductive

process. In both of these cases we observe

the powers of the female organization, now
that its capabilities of performing its particular

office in the continuation of the species are

wanting or lost, expend themselves in perfecting

its own individual system, and hence the ani-

mal gradually assumes more or fewer of those

secondary sexual characters that belong to the

male.

We do not consider it subversive of the pre-

ceding view to qualify it with the two follow-

ing admissions,— 1st, that, owing to the ener-

gies of the female system being so strongly

and constantly directed towards the reproduc-

tive organs, and the accomplishment of those

important functions which these organs have to

perform in the economy of the species, the

general characters of the species may be de-

veloped in her body in a degree less than they

otherwise would be, or than actually consti-

tutes the proper standard of the species ; and,

2dly, in consequence of the peculiarities of

the sexual functions of the female, some of

the individual organs of her system, as the

mammae, are evolved in a degree greater than

is consonant with the standard characters of the

species. At the same time we would here

remark that the occasional enlarged condition

of the mamma; in hermaphrodites in whom the

male sexual type of structure predominates,

(as in the examples of spurious male herma-

phrodites that have been quoted from Sir E.

Home, and in other instances mentioned by
Reriauldin, Julien, Petit, Rullier, and others

in the human subject, as well as in numerous
cases among hermaphrodite quadrupeds,) would

almost seem to shew that the full development

of the mammary glands is a character proper

to the species in general, rather than one [lecu-

liar to the female system alone. In males,

also, who are perfect in their re|)roductive

organs and functions, tlie mamma; are some-

times observed to be developed in so complete

a manner as to be capable of secreting milk,

forming what may be regarded as one of the

slightest approaches towards hermaphroditic

malformation in the male organization;* and

• The secretion of milk in the mammary glands

of the male is occasionally observed amongst our

domestic quadrnpeds. Sec Gurlt's Pathologischen

Anatomic dcr Haus-Saugthierc, Bd. ii. s. 188
;

Mlumcnbacli in the Hanovcrsich Magazin for 1787
;

and Home in Comp. Anat. iii. p. 328. Among
the recorded instances and observations upon it in

man we may refer to PauUini, Cynographia, p. 52 ;

Schachcr, Dc Lactc Virorum et Virginum, Lcipz.

the mamma; of the infants of both sexes not

unfrequently contain a lactiform fluid at birth.

In some instances of hermaphroditic mal-

formation the total form and configuration of

the body have been alleged to present not only

a general tendency towards the physical se-

condary characters of the opposite sex, or to

exiiibit in a permanent state tlie neutral con-

dition existing before puberty, but different

individual parts of it have been occasionally

conceived to be developed after a dirterent

sexual type. Thus, for instance, we have al-

ready mentioned in regard to Hubert Jean
Pierre, that the upper half of the body of this

individual seemed formed after the female, and
the lower half after the male type, the larynx

and mamma; being quite feminine, the face

shewing no appearance of beard, and the arms
being delicate and finely rounded, while the

pelvis was narrow, and the thighs were marked
and angled as in man. In a case described by
Schneider,* the reverse held true, the bust

being male with a strong beard and large

thorax, and the pelvis being large and distinctly

female. A more mixed combination of the

secondary sexual characters has been already

described as existing in the cases detailed by
llicco, Mayer, Arnaud, Bouillaud, &c.

One side of the body has been sometimes

observed to be apparently formed in one or

more of its parts on a sexual type different

from that of the same parts on the opposite

side. Girald, in his Topography of Ireland,f

mentions a reputed female, who had the right

side of the face bearded like that of a man,
and the left smooth like that of a woman.
Mr. King J has described an interesting in-

stance of hermaphroditic malformation in an
individual whose general character was mas-
culine, but with the pelvis large and wide

;

the left testicle only had descended into the

groin, and the mamma of this side was small

comparatively to that of the opposite or right

side.

In a hind mentioned by Mr. Hay,§ and
which, he believed, had never produced any
young, one of the ovaries on dissection after

death was found to be scirrhous. The animal
had one honi resembling that of a three years-

old stag on the same side with the diseiised

ovary ; there was no horn on the o])posite side.

Bomare|| has given a similar case in the same

1742; Sinnibaldus, Gcncanthrop. torn, i v. p. 456;
Alex. Jienedictus. Anatom. Corp. Hum. lib. iii.

p. 595; Winslow, Anatomy, vol. ii. p. 214;
Deusing, Dc Lactc, p. 327 ; Kypcr, Anthropo-
logia, lib. i. p. 490; Buffon, Hist. Nat. torn. ii.

p. 543; Bishop of Cork, Phil. Trans, vol. xli.

p. 813 ; Humboldt, Personal Narrative, vol. iii.

p. 57 ; Franklin, First Expedition to the Polar

Seas, (London, 1823,) p. 157.
• Kopp's Jahrbuch dcr Staatsarzneikunde, Bd. x,

s. 134.

t Topog. HibcrniaB, in Camden's Angl.&c.(1603),
part ii. p. 724.

{ London Med. Repository for 1820, vol. xiii.

p. 87.

§ Linna;an Transactions, vol. iii. p. 356.

II
Journ. dc Phys. torn. vi. p. 506.
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animal, where a single hom was present, situ-

ated al.so on the same side with the diseased

and dei{i!iieraled ovary ; and Russell * states,

as the result of his experiments on castration

in the deer, that when he removed one testicle

only from the animal, the horn on the opjxjsite

side was tlie more completely develo[)ed of the

two. Azara t observed in two birds the right

side of tlie tail to possess the characters of the

male, and the left those of the female.

In the hermaphroditic lobster previously al-

luded to as described by Nicholls, the general

external configuration of tlie body was, like

that of the sexual organs, perfectly female on
one side, and perfectly male on the other.

It is principally, however, among herma-
phroditic insects that a difference of sexual

type in the general conformation of the oppo-
site sides of tlie body, and of its individual

parts, has been observed ; and this malforma-

tion is the more stril\iug and easy of obser-

vation in this class of animals, on account of

the ^reat differences in colour, size, and form

respectively presented by the antenna;, wings,

and other parts of the body of the males and
females of the same species.

Lateral hermaphroditism of the body in In-

sects has been most frequently observed by

Entomologists amongst the class Lepidoptera.

It has now been remarked in the following

species :— in the Argi/nnis paphia, Lycana
alexis, Stiturnia pyri, Eiidromis versicolor, and
Harpya vinuta (Ochsenheimer) ; in the Gas-
troplittga medicaginis and Lyctena adonit

(Kudolj)hi) ; in the Liparis dispar (Schaefer,

Ochsenheimer, and Uudolphi) ; in tlie &2-

tumia Carpini (Capieux, Ochsenheimer, and
Kudolphi); in iheGastrophagaquercifolia (Hett-

linger and Uudolphi); in the Gaslropliaga pint

(Scopoli); in the Gaatrophaga fraY<rgi(Lsper);

in the Sphinx cottvolvuli (Ernst); Sphinx populi

(Fischer and Westwood) ; Papilio polycaon

(Macleay); Polyommatus alexis (Entomolog.

Mag. vol. iii. p. 304); Bombyx castrensis

(Duval); in the Argytmis paphia (AUis);

in the Vanessa atalanta (Schrank and Gennar);

and in the Vanessa antiopha and Deilephila

euphorbia (Germar). Klug and Gerraar have

recorded two instances of it among the Cole-

opteta, the former in the Lucanus cervus, and
the latter in the Mclotontha vulgaris ; and Mr.
Westwood mentions a third case in the large

water-beetle ( Dyticus marginalis), as con-

tained in Mr. Hope's collection, and has seen

a fourth in the stag-beetle (Lucanus cervus).

Out of twenty-nine recorded cases of lateral

hermaphroditism in Insects, '•• which the

sexual characters of each side are distinctly

specified, we find that in seventeen instances

the right side was male, and in twelve female.

Burmeister alleges that in by far the majority

of cases the right side is male, and the left

female,— a statement in which Meckel co-

incides, while Westwood maintains the reverse.

The cases we have ourselves collected are cer-

tainly numerically in favour of the former

* Economy of Nature in Glandular Diseases.

t Kob's Dissert, de Mutatione Sexus, p. 19.

opinion, but tlw data ars as yet lo fevr, and
the difference so trifling, as not to warrant us
to come lo any decided conclusion on this

point.

In some instances we find among insects an
imperfect lateral hermaphroditism consisting of
some parts of one side, as of one or more of the

wings, palpi, or antennae being formed according

to a different sexual type from the same parts

of tlie opposite side, and from the general body
of the animal. Thus in the Melitoea described

and dissected by Klug (see Lateral Herma-
phroditism) the general form of the insect was
male, but the left eye, palpus, antenna, and left

sexual fang were smaller than in individuals

belonging to this sex ; the left antenna was
annulated with while and yellow at the apex,

while the right was of one colour; the general

form of the abdomen was male but somewhat
thick, and the wings were all equal and male.

I n a Pontia duplidice mentioned by Rudol-
phi, and which in its general external characters

was female, the right antenor wing was formed
after the male type, and the sexual organs also

resembled those of the male.

Ochsenheimer mentions one Gastrnphaga
quercus with the body, and the antennte and
wings on the left side female, and the right wings
male ; and a second with the body and the

right side female, and the left side and two an-
tennae male, tlie latter being brown and pecti-

nated.

In this imperfect variety of lateral herma-
phroditism, the malformed wing, antenna, or

palpus is sometimes formed after one sexual

type and coloured after another. In a male
Melittea phabe noticed by Germar, the right

wings and antenna were female in regard to size,

but male in respect to colouring and markings.
In a female Deilephila galii, he found the left

antenna and palpus of the small size of the male,
but agreeing in colouring and markings with the

corresponding female parts on the right side.

In a Pontia cardaminet, which was male in

all its other characters, Ochsenheimer observed
the right superior wing marked as in the

female, and he mentions another individual of
the same species which had a female form with
some male colours.

In another variety of insect hermaphroditism
the sexual difference is sometimes, as we have
already noticed in regard to the human subject,

expressed not by a lateral, but by a longitudinal

sexual antagonism, or, in other words, the

anterior and posterior parts of the body are

formed after the two opposite sexual types.

Thus in a Salurnia carpini described by
Ochsenheimer, the antennae were male, the

superior wings male in form, but coloured as

in the female, and the posterior wings, with the

exception ofa reddish brown S|X)t upon the left,

were, with the body and other parts, female.

Lastly , in a tliird variety ofexternal hermaphro-
ditic conformation in Insects, we find the char-

acters of the two sexes mixed up and crossed in

different irregular combinations upon the body
of the same individual. In a Gastrophaga
caslreiuis described by Rudolphi, and where
the male type predominated, with a tendency,

3 n



ni HERMAPHRODITISM.

howevCT, in all parts to the female form, the

right antenna and tlie wings on the opposite or

left side were distinctly female, while the left

antenna and right wings were entirely male,
the latter being only somewhat larger than in

male insects, and the colours brighter than in

the female. In a Bombi/x caslrensis alluded
to by Westwood, the wings on the right side,

and the antenna: and abdomen of the left, were
those of a male, while the left wins, right an-
tenna;, and right side of the abdomen were
those of a female.

GENERAL SUMMARY WITH REGARD TO THE
NATURE OF HERMAPHRODITIC MALFORMA-
TIONS.

1 . Of' the varieties of spurious hermaphro-
ditism.—On some of these varieties it is un-
necessary for us to dwell here. The first

species of spurious male hermaphroditism, or

that arising from extroversion of the urinary

bladder, is elaborately discussed elsewhere

(see Bladder); and two others, namely, the

second female species consisting of prolapsus

of the uterus, and the second male consisting of
an adhesion of the penis to the scrotum, seem
both referable to the head rather of disease than

of original malformation. This latter indeed ap-
pears in all probability only an effect or result of
adhesive inflammatory action in theaffected parts

during embryonic or fcetal life. Both of the two
remaining forms of spurious hermaphroditism,

—

viz. those consisting of hypospadic fissure of the
urethra, scrotum, and perineum in the male,
and of abnormal magnitude of the clitoris in the

female,—seem readily explicable upon the doc-
trine of arrestment and anormality in the deve-
lopment of the malformed parts.

We have already described at sufficient

length the process of development of the dif-

ferent copulative organs, and have shewn that

those various degrees of hypospadic malforma-
tion which constitute the common form of
spurious hermaphroditism in the male, may be
traced to arrestment of this process at various

Eeriods or stages of its progress. And we may
ere remark that the earlier this arrestment

occurs, the distinction of the true sexual type of
the malformed organs will always be the less

marked, because the younger the embryo, and,
on a similar principle, the lower we descend in

the scale of animal existence, we find the dif-

ferences between the organs of the two sexes
proportionally the less pronounced, until at

last we arrive at that primitive type in which
these organs present altogether a common, neu-
tral, or indeterminate character.

We have also already shewn that at a certain

early stage of the development of the female

organs, the female clitoris holds the same, or

nearly the same relatively larger size to the

whole embryo as the penis of the male, and
that so far we may consider the occasional

occurrence of spurious hermaphroditism from
magnitude of the clitoris, and its resemblance

in tills respect to the male organ, as a perma-
nent condition of a type of embryonic structure

that is normally of a temporary or transitory

existence only. But besides tliis permanence

of the embryonic type of the clitoris, we must
farther, in all the more complete instances of

spurious female hermaphroditism, admit an

excess of development in the malformed
external sexual parts, and more particularly in

the line of the median reunion of the two

primitive lateral halves or divisions of these

parts. In this way the vagina (a remnant in the

female of the primitive perinseal cleft or

fissure) is often in such cases more or less con-

tracted and closed, so much so indeed in some
instances as to leave only, as in the male, a

small canal common to the genitiil and urinary

passages. If the median junction is extended

still farther, this canal conies also to imitate the

male urethra in this respect, that it is united or

shut up below in such a way as to be carried

onward to a greater or less length, and in a

more or less perfect condition along the under
surface of the enlarged clitoris ; and occasion-

ally the male type of structure is still more
completely repeated in the female organization

by the median reunion of the two labia, giving

the appearance of theunited scrotum and closed

perinaeum of the opposite sex.

If we divide the whole sexual apparatus of

the male and female into three corresponding

transverse spheres or segments,—the first or

deep parts including the testicles and ovaries,

the second or median comprehending the male

seminal canals and prostate gland, and the

female oviducts and uterus, and the third or

external embracing the copulating organs of the

two sexes,—we shall find that, relatively

speaking, the deep and the external spheres are

naturally most developed in the male economy,

while the median, comprising the uterus, (the

principal and most active organ in the female

reproductive system,) is developed in the

greatest degiee in that sex. In malformed

females presenting a spurious hermaphroditic

character, this important portion of the female

sexual organization is, in general, either itself

in some respects malformed, or, from the

structure of the other parts of the sexual appa-
ratus being imperfect, its specific importance in

the economy is cancelled, and therefore the

energy of development takes the same direction

as in the male, being expended upon the more
complete evolution of the organs of the external

and deep spheres. Hence the greater size of
the clitoris, and the greater development which
we have just now pointed out, in the median
line of reunion of the external sexual parts ;

and hence also the occasional though rare

occurrence, in the same cases, of the descent of

the ovaries through the inguinal rings into the

labia,—an anomaly that certainly consists in

a true excess of development, and which we
cannot but regard as interesting, both in this

respect, and as affording a new point of

analogy between these organs themselves and
the male testicles.

There is another and equally interesting point

of view in which we may look upon this sub-

ject. Not only are the forms of spurious her-

maphroditism which we have been considering,

capable of being traced backward to certain tran-

sitory types of sexual structure in the embryos
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of thoM animal species in which tlie malfor-

mations in question occur, but they may be shewn
also to present in their abnormal stales repe-

titions of some of the normal and permanent
conditions ofthe sexual organs in various species

of animal beings placed lower in the scale of
life. Thus the occasionally imperforate penis

of the male hermaphrodite has been supposed
to have an analogue in the naturally solid penis

of some of the species of the genera Doridium
and Hyatati.* Its more or less grooved or hy-

pos|)adip condition is similar to the natural

type of the same part in some hermaphrodite

Mollusca, as in tiie PUtnorbis and Murex .f
in its occasional diminutive size it approaches
the general sniallness of the partially fissured

[>enis of most birds and reptiles ; and we find

It in the Rodentia and Marsupiata tied down
by a short prepuce in a way analogous to what
is seen in some cases of severe hypospadias.

In the sloth ( Bradypus tridacti/lus) the penis

is small and grooved in its lower surface, and
has the urethra opening at its base it and in

several of the mate Rodentia the scrotum is

also cleft, and has its two opposed surfaces

smooth, humid, and free of hair, as in most
cases of hypospadic hermaphroditism in man.
Ill Ophidian and in most Saurian Reptiles, the

male seminal ducts open at once externally, as

in some male hermaphrodites, at the root of the

fissured penis.

The fact of the testicle some time remainmg,
in cases of hermaphrodite formation in the

human subject, within the cavity of the ab-

domen, presents to us in a permanent state

tlieir original but changeable position in the

early foetus, and at the same time affords a

repetition of their normal situation, in almost

all the lower tribes of animals, and in the

Cetacea, Amphibia, Edentata, and some Pa-
chydermata, as the Cape Marmot (Hi/rai)
and Elephant, among the Mammalia.

The malformed clitoris in instances of

spurious hermaphroditism assumes also, in its

abnormal state, types of structure that we find

as the normal condition of the organ in various

inferior animals. Tlius in female Cetacea and
Rodentia, and in the animals included in

Cuvier's order of Carnassiers, but more par-

ticularly among the Quadrumana, tlie clitoris

retains as its permanent normal type that

relatively larger size which we observe in the

early foetus, and in female hermaphrodites in

tlie human subject : and further, as is some-
times seen in such malformed individuals, the

clitoris becomes partially traversed by the

urethra, as in the Ostrich, Emu,§ and Ant-
eater

; II
and in the Loris (as we have noticed in

a preceding page) and Maki, it is completely

enclosed, like that of the male, in the body of

• Burd&ch's Physiologie, Bd. i.^ 132, p. 231.
t Tiedcminn's Zcitschrift fucr Physiologic, Bd.

i. s. 15, or Cuvier, Anal. Comp. torn. v. p. 182.

} Meckel, Beitrxgc tur TerglcicIiLndcQ Anatomie,
Bd. ii. cap. i. p. 125.

L
Cuvier, Anat. Comp. t. v. p. 129.
Meckel^ Archiv. fuer die Fbytiologie, Bd. v.

the organ, forming a continuous and perfect

canal through it.

We may here further observe, (though the

illustrations should more properly belong to the

next section,) that in cases of true hermaphro-
ditism also in man and quadrupeds, as welt as

in the above spurious varieties, there may be
often traced in some portions of the abnormal

structures a sexual type bearing a greater or

less analogy to the corresponding parts of
those inferior animals that are naturally andro-

gynous. Thus, in instances of true hermaphro-
ditism, the orifices of the sexual ducts or

passages occasionally open into a common
cavity, as is normally the case in some species

of Doridium, Helix, and other Mollusca ; or the

female oviducts or Fallopian tubes, and the

male vasa defurentia, run closely alongside of

each other without any communication between
their canals, as in the Ali/psia and most Gas-
teropoda. Indeed the occasional co-existence

even of both testicles and ovaries in individuals

among the higher animals would be only a

repetition of, or retrogression to, the normal
sexual ty[)e of those genera of animals that we
have just named, and of the Planaria, Ces-
toidea, and otlier natural hermaphrodites.

In this way we see, that, (as in many other

monstrosities,) the several varieties of malfor-

mation in the sexual organs occurring in

spurious human hermaphroditism do not con-
sist of the substitution of an entirely new and
anomalous type of structure, but are only

repetitions of certain types of the same organs

that are to be met with both in the human
foetus and in the inferior orders of animal
beings. The investigation of the whole subject

shews us in reference to the sexual organs,

what is equally true in regard to all the other

organs of the body,—that their difierent stages

of development in the embryos of man
and of the higher orders of animals cor-

respond to different stages of their deve-

lopment in the series of animal beings

taken as a whole ; so that here, as elsewhere,

the facts of Comparative Anatomy are repro-

duced in those of Embryology, and both are

repeated to us by nature on a magnified scale

in the anatomy of the malformations of the

part,—a circumstance amply testifying to the

intimate relations which subsist between Com-
Srative Anatomy, the anatomy of Embryonic

evelopment, and that of Monstrosities.

Indeed proportionally as our knowledge of

malformations has increased, it has shewn us

only the more strongly that the laws of forma-

tion and malformation,—of normal and abnor-

mal development, are the same, or at least that

they differ much more in degree than in essence,

and that the study of each is calculated recipro-

cally to illustrate and to be illustrated by the

study of the other.

2. Nature of true hermaphroditic malfor-

mations.—Of the nature of local malforma-

tions by duplicity, we at present ])ossess much
less precise knowledge than of those of simple

defect or simple excess of development ; but

there are certain facts ascertained with regard

3b 2
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"a formation of the sexual organs, which
to thtnable us to mal<e an approach at least to

may e.<e ideas of the character and origin of

accuratnormalities thai constitute the several

those aiof true hermaphroditism. These facts

varieties-the interesting subject of the unity of
relate to . vvhicli is manifested in the correspond-
structuresbil female reproductive organs of the
ing male anonn-innd of other species of bisexual
human subject,^*, .

animals. '^iCoroek, Roman, and Ara-
By several of the t>r»,^^ •>''tive organiza-

bian physiologists,* the res{)t«,. -"d as in

tions of the two sexes were considers ^.to .)<»

some degree typical of one another, the feraai4-

being regarded as an inverted male, with the

testicles and penis turned inwards to form the

ovaries and uterus. This doctrine of analogy

between the male and female sexual organs

has, with various modifications, been very ge-

nerally admitted by modern physiologists, and
in some of its bearings it has been made, more
particularly of late years, the subject of consi-

derable discussion. The testicles are still re-

garded as organs which correspond with the

ovaries in their original situation, in their vas-

cular and nervous connections, and in their re-

lative sexual functions. The recent progress

of the anatomy of the development of the em-
bryo has also shewn that the two organs cor-

respond in their primitive origin. It is now
well ascertained that the large masses occupy-
ing each side of the abdomen of the embryo
at an early stage of development, and which
Kathke has named the Wolffian bodies after

their illustrious discoverer, form, in Birds and
Mammalia at least, the primordial matrices

upon which the urinary and genital organs are

developed. On the inner side of each of these

matrices a small body is early developed, which
seems to become afterwards either a testicle or

an ovary, according to the particular ulterior

sexual type which the embryo assumes.

In further following up the analogy of struc-

ture between the organs of the two sexes, the

vasa deferentia of the male are generally com-
pared to the Fallopian tubes of the female,

the scrotum to the external labia, the body of

the penis to the clitoris, and its corpus spon-

giosum, or, according to others, its prepuce, is

regarded as corresponding in type with

the female nymphte. A considerable dif-

ference of opinion, however, still prevails

as to the prototype of the female uterus in the

male system. Some anatomists, as Burdach,

Steghlener, and Blainville, regard the uterus

and male vesiculae seminales as corresponding

parts ; while others, as Meckel, Carus, Schmidt,

Ackermann, and Serres, compare the uterus to

the male prostate. A sufficient number of

facts seems still wanting to determine the accu-

racy and justness of either of these analogies.

There are instances of malformation on record

which appear to favour both opinions, and there

are other cases which almost incline us to be-

• Aristotle, Hist. An. lib. i. 17. Galen, De Semine,

lib. ii. & Dc Uau Partium, c. i. Rhases, De Re
Medica, lib. i. cap. 26. Avicenna, D« Membris Ge-
oerat. lib. iii. 21, &c.

lieve that the vesiculsB seminales correspond to

the fundus or body of the uterus in the human
subject, and to the cornua uteri in quadrupeds

;

while the prostate represents in the male struc-

ture the lower portion or cervix of the same

organ. The phenomena of the development

of the reproductive organs in the embryo will,

when more fully investigated, probably serve to

clear up this question.

M. Geoffroy St. Hilaire has propounded

views of the analogy of the male and female

organs in some respects different from the above.

He divides the uterus of the human subject

into the body and the upper part or fundus, the

'ntter corresponding to what constitutes the

ijnujia uteri in the human embryo, and in adult

corn! U|,^ds. Further, believing that in the

quadruptto « of all analogies in type and
determinationoeri. different organs, the origin

structure betweeirilai{f)odvessels supplying the

and course of the b.oi icipal criterion, he has

part ought to be our prii.tl.Se distribution of the

been led, by the study of tl.t.rteries, to consider

branches of the hypogastric asc- vesiculae seini-

the body of the uterus and the er in the two

nales as repetitions of each othji ion of most

sexes ; and, contrary to the opin'> male vasa

anatomists, he conceives that therthe fundus

deferentia strictly correspond with «nis repre-

or cornua uteri, and that the epididyilir in other

sents a coiled-up Fallopian tube, oi unrolled

words that the Fallopian tube is an Sred the

epididymis. M St. Hilaire has offenives to

following table to shew what he concept-

be analogous organs in the two sexes :—*"'

In the male. In thefemale. .

Testicle =: Ovary
'

Epididymis -= Fallopian tube -us

Vas deferens. = Cornu of the uteiis.

Vesicula seminalis= Body of the uteri,.

Sheath of the penis= Vagina

Penis = Clitoris

In tracing out the analogies between t Ve

male and female parts, the mode in which ven

ought to consider the female vagina has give.e

rise to some diversity of opinion. From tHi-

above table it appears th it M. St. Hilaire con'-

siders it to be represented in the male organiza'-

tion by the sheath of the penis, but we are cef',

tainly inclined to view it in a different lights

and to regard it as a part in so far peculiar trt

the female, that it consists of a permanerre

condition of that urino-genital perinatal lissut a

that we have already described as existing a\es,

certain period in the embryos of both seM^or,

and which is latterly shut up in the male,>ito

speaking more accurately, it is contracted itsile

what forms the pelvic portion of the ma v.

urethra. ^'*

If this were a fit opportunity for following

out the consideration of the unity of type be^,

tween the male and female reproductive organ? e

it would be easy to shew the justness of thosn '

greater analogies that we have mentioned, b;jt
|

pointing out other numerous minor, but stile'

strong points of correspondence manifested it).

he

• Phil. An»t. torn. i. (1822,) p. 471. ->3

\
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the abnormal condition* and localities of the

ovaries and testicles in Ihe higher animals, and
in their conformity of structure in some of the

lower. Thus among Insects, in the genus Li-
billulu tlie long cylindrical testes of the males
correspond with the long-sliaped ovaries of the

females ; in the Locusta and Gryllutulpa,
tliere are ramose bunched testicles with analo-
gous fasciculated ovaries ; in the Lumellicomia
we find compound radiating and united testes,

with similar radiating and united ovaries ; and
sometimes, as in tlie genera Melolontlia and
2'ncAius, the number of the single bodies in the

testicles corresponds with the number of the

oviducts.*

We have already, when considering spurious

hermaphroditism in the female, mentioned
several facts illustrative of the analogical pe-
culiarities in structure between the male penis

and female clitoris in some s])ecies of animals

;

and ilurmeister.t who regards the ovipositors

and stings of female insects as corresponding
to the clitoris in the female Vertebrata, has

pointed out a remarkable conformity of struc-

tural type between its valves and those of the

penis of the male of the same species.

Some organs that are, as far as regards their

functions, peculiar and essential to one sex
only, are nevertheless found to be repeated in

the opposite sex in the form of an analogous
rudimentary type of structure. Thus, in the

male we may observe the unity of sexual struc-

ture maintamed in the presence of the rudi-

ments of the mammary gland, which is_/i(nc-

tiimally an organ of the female system only. In
the human subject, and in animals whose females
have pectoral mammae, these organs occupy the

same position in the male; while in those

species of quadrupeds in which they are placed
in the inguinal region, we find them in the

corresponding males forming the scrotum or

bags for containing the testicles. Hence, as we
have already seen, the testicles, in cases of mal-
formation in these animals, are often laid upon
or imbedded in the udder. In the same way
in the Marsupiala, tlie bone which the female
has for supporting the marsupium is repeated
in the organization of the male, although in the

latter we cannot conceive it to serve any possible

use-t

In the female also we observe in some points

a similar disiK)sition to the rudimentary repe-
tition of |>arts that are essential or {)eculiar

only to the male organization, as in the repeti-

tion in the clitoris of some female Uodentia, of
the penis-bone of the male, and in the forma-
tion of rudimentaiT forms of those processes

of peritona;um which constitute the tunicie

vaginales. We are ourselves inclined also to

regard the common crescentic form of the hy-
men of the human female in the same light,§

• Burmcister's Entomology, $ 154. p. 222.

t Loc. cit.

X Home's Irfct. on Corop. Anat. vol. ii. pi. v.

^ Bur<lach (Phys. ^ 137,) considers the small
cutaneous fold situated at the orifices of the vasa
dcf'Teiitia, and Sticbel the membrane placed at the
extremity of the urethra (Meckel's Archiv. fiir

Physiol. Bd. viii. s. 207.) as the analogue in the
mRle for the female hymon.

and to consider it merely as an abonive attempt

at that closure of the perina;al fissure which
we have already described as effected at an
early period in the male embryo—an opinion

in which we conceive we are borne out both by
the history of the development and the study

of the malformations of the external sexual

parts in the female.

M. Isidore St. Hilaire read, iif 1833, to the

French Academy a memoir,* in which, follow-

ing up the doctrine of his father with regard to

the determination and distinction of the type of

parts by the [larticular vessels distributed to

them, he endeavoured to shew some new
points of analogy between the male and female

organs, and to develop new views with re^jard

to the origin and particular varieties of herma-
phroditic malformations. With Burdach, he

divides the whole reproductive apparatus of
either sex into three transverse spheres and
into six portions or segments in all, or three on
each side, viz., 1 and 2, the deep organs, in-

cluding the male testicles and female ovaries ;

1 and 3, the middle organs, or male prostate

and vesiculx seminales, and female uterus

;

3 and 4, the external on^ns, comprehending
the penis and scrotum of the male, and the

clitoris and vulva of the female. Each of these

portions or segments is, M. St. Ililaire points

out, supplied by an arterial trunk peculiar to

itself, and the corresponding organs of the male
and female by corresponding arterial branches,

as the deep organs of both sexes by the two
spermatics, the middle by branches of the two
hypogastrics, and the external by some other

hypogastric branches, and by the external pu-
dics. This circumstance, he conceives, renaers

all the segments in a certain degree independ-
ent of the others, both as regards their develop-
ment and existence, and allows of the occa-
sional evolution of any one or more of them
on a type of sexual structure, different from
that upon which the others are formed in the

same individual.

Though assuredly we cannot subscribe to

the speculations of the elder St. Ililaire, that

the development in the embryo of male testi-

cles or female ovaries, and consequently the

whole determination of the sex, is originally re-

gulated by the mere relative angle at which the

first two branches of the spermatic arteries

come off, and the kind of course which they

follow,-]- (more particularly as it is admitted by
most physiologists that the bloodvessels grow,
not from their larger trunks or branches towards
their smaller, but from their capillary extremi-

ties towards their larger branches,) yet we
believe that the doctrine of the comparative

independence of the different segments of the

• Arch. G6n. de Med. (1833) torn. i. p. 306.

t Anat. Phil. torn. i. p. 359. . . " L'ordre
de variations des sexes tient a la position d'un
artere. . . Lc plus oa Ic moms d'ecartemcnt
des deux branches spcrmatiques motive eSective-
ment cette preference, Qucles deux branches de
I'artere spermatique descendent parallrlement ct de
compagnie, cette circonstance, je le repete, cette

circonsiance donne le sexe male ; qu'clles s'ecar-

tcnt a teur point de partage, nous avons le aoxe fe«

melle."
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reproductive orgekns pointed out by the son is

in its general principles correct. At the same
time we would here remarli tliat we conceive

the doctrine would have been founded more on
truth if the influence of the nervous branches
supplyuigthe different reproductive organs had
been taken into account along with tliat of
their arterial vessels, because, as we shall

point out when speaking of the causes of her-

maphroditism, there appears to be some con-

nection between tlie state of the nervous sys-

tem and the degree or condition of sexual de-

velopment.

The consideration of the preceding ana-
logies in structure between the male and
female organs is interesting in itself, and, as far

as relates to our present subject, important in

this respect, tliat it enables us in some degree

to understand how it happens that, without any
actual monstrous duplicity, we should some-
times find, in an organization essentially male,

one or more of the genital organs absent and
replaced by an imperfect or neutral organ, or

by the corresponding organ of the oi)posite

sex, and vice vei'm ; inasmuch as it shews us
that the moulds in which the analogous organs

of the two sexes are formed are originally the

same. Hence there is no difficulty in con-
ceiving that, in the body of the same individual,

the primitive structural elements of these parts

should occasionally, in one or more points or

segments, take on, in the processof development,
a different sexual type from that which they

assume at other points. Indeed some physi-

ologists, as we shall immediately see, deny
that the most complete hermaphroditic malfor-

mations ever consist of anything except such a

want of conformity between the sexual type of
different portions of the reproductive appa-
ratus.

If each of the six segments (and we believe

that their number might be shewn to be really

greater than this,) is thus an independent cen-
tre of development in the formation of the

sexual apparatus, and is consequently liable

also in abnormal cases to have its own parti-

cular malformations, and to assume, either

alone or along with some of the other seg-

ments, a sexual type different from the re-

mainder, it is evident that we may have as

many varieties of true hermaphroditism, with-

out any real duplicity, as it is possible to con-

ceive differences of arrangements among these

six segments. Again, however, one or more
of these segments may preserve from a deve-

lopment its original indeterminate or neutral

sexual type, while the others are variously

formed either upon one or upon both sexual

types; or one or more of the segments may,
by a true malformation by duplicity, have
evolved within them the corresponding organs

of the two sexes ; and if we consider the dif-

ferent arrangements of double and single

sexual parts that might thus occur in the six

separate segments, we may gain some idea of

the great diversities of structure in the sexual

parts that are liable to be met with in instances

of true lieriiKijihroditism.

The above forms, as it appears to us, the

most sound and rational solution of the nature

and origin of many forms of true hermaphro-

ditism which physiological science is capable

of affording, upon our present limited know-

ledge of the laws of development ; and its

application to the explanation of the different

varieties of lateral, transverse, and vertical her-

maphroditism is so obvious as only to be

required to be alluded to. It offers to us,

however, no insight into the probable origin of

those varieties of double hermaphroditism in

which there is an actual co-existence upon one

or upon both sides of the body, or, in other

words, in the same segment of the sexual

apparatus, of both the corresponding male and

female organs. We can only refer all such

instances to the laws which regulate the occa-

sional production of local duplicities in diflTe-

rent other organs of single bodies, and at the

same time confess our present ignorance of

what these laws are. We know that various

individual muscles, nerves, &c. are not unfre-

quently found double, and that in the internal

organs of the body examples of duplicity in

individual viscera are occasionally, though

rarely, observed in the heart, tongue, trachea,

oesophagus, intestinal canal, &c. In the

several organs composing the reproductive

apparatus, instances of similar duplicity would

seem to be even more common than among
any other of the viscera. Examples of three

mammse upon the same person are mentioned

by Bartholin,* Borelli,t Laiizoni,| Drejer,§

Robert,|| Petrequin,1[ and others;** and cases

in which the number of these organs was in-

creased io four have been recorded by Faber,tt

Gardeux,!! Cabroli,§§ Lamy,|||| Tiedemann,f IT

Champion,*** Sinclair,t-t| H. Lee.JJl and

Moore.§§§ An instance in which fwe mam-
msE even existed upon the same woman is re-

ported to have been seen by Gorre.|||||| Valen-

tinimiT and Gunther**** have recorded sup-

posed cases of duplicity in the male penis ; and

Arnaud+ttt •'!'s related an example of an ana-

logous malformation in the female clitoris.

WeberJJtt met with a double vesiculaseminalis

• Acta Med. Hafn. torn. iii. obs. 93.

t Observ. Rar. cent. i. p. 55.

t E|)h. Nat. Ciu, Dec. ii. Ann. v. 'obs. 55.

Arch. Gen. do Med. torn. xvii. p. 88.

Journ. Gen. de Med. torn. c. p. 57.

Gaiette Medicalc for April,| 1837. Threo
distinct manimx in a father, and in his three sons

and two daughters.
** Diet, des Sc. Med. torn, xxxiv. p. 529.

tt Eph. Nat. Cur. Dec. i. Ann. ii. p. 346.

%X Journ. de Med. dc Corvisart, torn. ix. p. 378.

^§ Obs. Anat. vii.

jjli
Fantoni Anat. p. 267.

1 H Zcitsclirift f'lir Physiologic, Bd.v. s. 110. One
case with three, and three with four nipples. In
one case the nialforniation was hereditary-

*•' Diet, des Sc. Medic, t. xxx. p. 377. See
also p. 378.

ttt Statistical Account of Scotland, xix. p. 288.

%XX London Med.-Chirurg.Trans. vol. xxi. p. 266.

iii Lancet for February 24, 1838.

\M Diet, des Sc. Med. torn, xxxiv. p. 529.

fill! Eph. Nat. Cur. Dec. iii. Ann. iii. obs. 77.
"" Cohen vom Stein, Halle, 1774, p. 107.

tttt Mem. de Chir. torn. i. p. 374.

iitt Salzburg MedicinischeZcitung, 1811, s. 188.
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on eacli side ; and Hunter* alludes to tlie occa-

sioiial ocrurreiicc of an imperfect supernumerary
vas deferens. In 1833 a case of a double human
uterus, furnished with four Fallopian tubes and
four ovaries, was shewn by Professor Moureau
to the Academic de Mtdecine.f BlasiusJ

dissected the body of a man on whom he
detected (he co-existence of three testicles ; the

additional testicle was of the natural form and
iize, and was furnished with a spermatic artery

and vein that joined in the usual manner the

aoria and vena cava; it lay in the right side of

the scrotum. Arnaud found, on dissection,

three testicles in a tlog; the third was placed

in the abdomen, and of the natural consistence,

fii;urc, and size ; it was furnished with a vas

deferens.§ Other instances of triple and
quadruple testicles of a more doubtful charac-

ter, inasmuch as the observations made during

life were not confirmed by dissection after

death, are related by Voigtel,|| Sibbern,5r

Brown,** Rennes,tt and others.jj Schar(r§j

even gives an alleged case of a man with five

testicles, three of which are stated to have

been well formed, while the other two were
much smaller than natural. And, lastly,

Loder|||| is said to have exhibited to theGcettin-

gen Academy drawings taken from the body of

a male infant, on whom alt the sexual apparatus

existed double, there being two penes, a double

scrotum, and urinary bladder, and, as it was
supposed, four testicles.

In all the preceding instances the local

duplicity of the particular reproductive and
other organs adverted to existed independently

of any duplicity in the body in general, or in

any other individual parts of it. And if we
once admit, (what the preceding instances will

scarcely allow us to deny,) that there may
occur a duplicity of some of the male sexuEil

organs in a male, or of some of the female

sexual organs in a female, it is certainly easy

to go one step farther, and admit that the

double organ or organs may, however rarely,

be formed in other instances upon an opposite

sexual type. Indeed all our knowledge of the

unity of structure and development between
the various analogous male and female repro-

ductive organs, as well as the fact of the occa-

sional replacement of an organ of the one sex

by that of the other in ca.ses in which the

sexual type is entirely single (as seen in

instances of lateral hermaphroditism), would
lead us (i priori to suppose that, if a local

duplicity in any of the sexual oi-gans was liable

to occur, this duplicity would sometimes shew
itself in the double organs assuming opposite

* Bell's Anatomy, vol. iii. p. 428.

t Joum. Mcbdom. torn. x. p. 168.

X l)bs. Med. pars iv. obs. 20.

Mem. dc Cnirurg. s. i. p. 131.

Handbuch der Path. Anat. Bd. iii. s. 393.
Acta Hafn. torn. i. p. 320.

•• New York Medical Repository, vol. iv. p. 801.

tt Arch. Gin. de Med. t. xxiii. p. 17.

Xt See Haller's El. Pliys. torn. v. p. 411, 12.—
and Arnaud's Cbcm. dc Chirurg. t. i. p. 128, &c.

6$ Eph. Nat. Cur. Dec. iii. Ann. v. vi. obs. 89.

(Ill
Gottingcn Aoz. 1802, p. tm.

sexual characters, and thus conttitutiitg gome
of those varieties of double or vertical her-

maphroditism that we have already had occa^

sion to describe.

In the preceding observations we have pro-

ceeded a|>on the opinion commonly received

by physiologists, of the fundamental unity of

sex among all individuals belonging to the

higher orders of animals; or, to express it

otherwise, we have assumed that each individual

is, when normally formed, origitially furnished

with elemental parts capable of forming one

set of sexual organs only. We do not here

stop to inquire whether this single sexual type

is, in all embryos, originally female, as main-

tained by Rosenmiiller, Meckel, Blainville,

Grant, and others ; or, of a neutral or inter-

mediate character, as supposed by the St.

Ililaires, Serres, Ackermann, Home, &c., and
as we are certainly ourselves inclined to believe

it.* On this subject, however, a physiological

doctrine of a different kind has been brought

forward by Dr. Knox, and this doctrine is so

intimately connected with the question of the

nature and origin of true hermaphrodites, that

we must here briefly consider it.

Dr. Knox,t in conformity with some more
general views which he entertains on tran-

scendental anatomy, is inclined to regard the

tyi)e of the genital organs in man and the higher

animals, as in the embr)'0, originally hermaph-

roditic, or as comprising elementary yet ais-

tinct parts, out of which both sets of sexual

organs could be formed ; and he believes that,

owing to particular but unknown circum-

stances, either the one or the other only of

these sets of elements comes to be evolved in

the normal course of development. In those

abnormal cases, again, in which, as in instances

of double hermaphroditism, more or fewer of

both sets of genital organs are present upon
the same individual, he maintains that this ia

not to be considered as a malformation by
duplicity, but is only a permanent condition of

the original double sexual type, and is attri-

butable to the simultaneous development to a

* Meckel (De Duplicitace Monsirosa, p. 14),
and Andral (Anat. Path, torn* i. p. 101) aaaame
it, after Haller, as a fact, that a much larger pro-

portion of monsters belong to the female than to

the male sex ; and while they attribute this circnm-
stance to the genital organs in these beings retain-

ing, from the general defect of development, their

original female sexual character, they at the same
time consider this circumstance to be strongly

corroborative of this particular doctrine. Isid.

St. Hilaire has shewn (Hist, des Anomal. t. iii.

p. 387) that the supposed fact itself docs not hold

true in respect to some genera of monsters, and is

even reversed in others ; and ho doubts if it be of

Buch a degree of generality in respect to mon-
sters in general as to merit to be raited into a
teratological law. If the views of Meckel were
correct, we should certainly expect at least that

spurious hermaphroditism, where the development
of the sexual partA is commonly abnormal from
dejedt should be much more frequent in the female

than in the male. The list, however, of recorded

cases of it in the latter is, we believe, more than
doable the number of it in the former.

t Brewster's Edinburgh Journal of Science,

vol. ii. p. 322.
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greater or less extent both of the male and
female sets of sexual elements.

This doctrine of the original but temporary

double sexed character of all embryos derives,

perhaps, its principal support from a source to

which Dr. Knox does not advert,—we mean
the existence of this as the normal and perma-
nent sexual type in most plants and in many of

the lower orders of animals. But this argument
by analogy certainly cannot by any means be

considered as a sufficient basis for the establish-

ment of so broad and important a generalization

in philosophical anatomy. Dr. Knox himself

seems to have been induced to adopt the idea

principally because it afforded (when once

assumed as a fact) a simple and elegant solution,

upon the laws of development, of the occa-

sional occurrence of cases of true hermaphro-
ditism ; and in doing so, he appears to have

proceeded upon the mode in which most such

physiological hypotheses have been made, viz.

by drawing his premises from his deductions

instead of his deductions from his premises.

In the present state, however, of anatomical

and physiological knowledge. Dr. Knox's hypo-
thesis, however ingenious in itself, is one which
we cannot subscribe to ; for first, it is totally

opposed to all the facts which have been ascer-

tained, and all the direct observations which
liave been made by Rathke, Meckel, Miiller,

Valentin, and other modern anatomists upon
the sexual structure of the embryos of the

higher animals in their earliest state; and,

secondly, if we were to admit it merely as a

probable hypothesis, it is still even in this

respect equally as incapable as the old doctrine

of sexual unity, of explaining all the cases of

malformation by duplicity of the genitid organs;

for, as we have already shewn, there are some
apparently well-authenticated instances of the

existence of three or four testicles upon the

same man, or three or four ovaries upon the

same woman ; and in reference to all such eases

we would, if we proceeded upon the same
data and the same line of argument as those

adopted by Dr. Knox, be obliged to suppose
that the original sexual type is not, as he ima-

gines, double only as respects the two sexes,

but double even as respects each sex, and that

all embryos had originally not simply the ele-

ments of two, but tliose of three or four

testicles and ovaries. In explaining such cases

as those to which we allude. Dr. Knox, on his

own doctrine, must of necessity admit the

existence of a malformation by duplicity of the

sexual organs in question ; and if we grant this

in regard to these instances, it is surely unne-

cessary to invent a particular and gratuitous

hypothesis for the explanation of the analogous

anatomical anormalities observed in hermaph-

roditism. At present we must, we believe,

merely consider the occurrence of anomalous

duplicity of the sexual organs, and of various

other individual parts of the body, as so many
simple empirical facts, of which we cannot, in

the existing state of our knowledge, give any

satisfactory explanation, or, in other words,

which we cannot reduce to any more simple or

general fact; though from the success which

has attended the labours of many modem
investigators in this particular department of

anatomy, it seems to us not irrational to hope

that ere long we may be enabled to gain much
new light upon the question of double her-

maphroditism and the whole subject of mal-

formation by duplicity.

ANATOMICAL DEGREE OF SEXOAL DCPLICITY

JN HERMAPHRODITISM.
Tliough the cases which we have brought

forward do not present any instances of such

perfect hermaphrodites in the human subject

or in quadrupeds as those which are represented

upon the ancient Greek statues and medals, *

or that have been described and delineated by

Lycosthenes, Pare, Schenkius, and the older

authors on monstrosities, they yet present to

us a sufficient number of mstances in which,

in accordance wilh the definition we have pre-

viously given of true hermaphroditism, there

actually co-existed upon the body of,the same

individual more or fewer of the genital organs

both of the male and female.

From the relations and size of the bony pelvis,

and the fact of the penis and clitoris being re-

petitions only in situation and structure and

organic connections of each other in the two

sexes, it is useless perhajjs to expect that we
should ever find in any one case all the parts of

both sexes present at the same time. For

since the male penis is only a magnified condi-

tion of the female clitoris, and since both of these

organs are connected by the same anatomical

relations to the same part of the pelvis, it

would almost require some duplicity in the

pelvic bones themselves to admit of the simul-

taneous presence of both ; and in no authentic

case has any approach to their co-existence upon

the same individual been observed.

Various authors who have written upon the

subject of hermaphroditism have gone so far

as to endeavour to refer all instances of it to

.some one or other of those varieties that we
have described under the name of spurious.

Thus, dogmatizing in a spirit of unphilosophical

scepticism, Parsonsf and Hill J have endea-

voured to shew that all reputed hermaphro-

dites are only malformed females having a

pra?teniatural development of the clitoris, and

in some instances with the ovaries descended

into the labia. Others, on the contrary, as

• Sec Winckelman, Hist, de I'Art, t. i. p. 364;
and Cayliis, Recueil d'Antiquites, t. iii ; Hcinrich,

Conimrutatio qua Hermaphroditorum attis antiqus

operibus illustrium, origines et caasJE explicanlur.

Hamburg, 1805. lilunicnbach, in liis Specimen
Hist. Nat. Antiq. artis (Goc-tting, 1808), mentions

and figures (pi. i. f. 5, p. 15), a small ancient sil-

ver cast or impression of a case of hypospadias of

the male genital parts, which he supposes to have
formed a votive offering from some iodividuat mal-

formed in the manner represented.

t Enquiry into the nature of Hermaphrodites,

p. 145. We would particularly point out the cases

quoted by Dr. Parsons at p. 14, 26, 30, 88, 95, 130,

&c. of his able essay as directly contradictory of

his own doctrine, or as instances of hermaplirodidc

appearances in persons not of the female but of the

male sex.

{ Review of the Philosophical Traniactions.
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Professors Oslander* and Feiler,f maintain

with equal inaccuracy tliat every supposed in-

stance of hennapliroditisni is referable to a
hy|)ospadic suite of tlie jwnis and scrotum, in

persons that are in other respects essentially

male.

Various physiologists, a^ain, while they ad-
mil the occuiTence of all the different varieties

of spurious hermaphroditism, are inclined to

deny that any such combinations of male and
female organs u[)on the same body as those

which constitute our several varieties of true

hermaphro<litism, are ever observed to occur

in the human subject, or among the higher

classes of animals.^ In despite of the recent

accumulation of new and authentic cases. Pro-
fessor Miiller of lierlin is, in {>articular, in his

excellent treatise on the development of the

genital organs, published in 1830,§ still in-

clined to coincide in a great degree in this

opinion. This distinguished physiologist does
not indeed, as some have done, doubt in any
degree the authenticity of the recorded cases,

and even goes so far as to admit the occasional

occurrence of a combination of male and female

organs upon the same individual, when tliat

combination does not (as in lateral and trans-

verse hermaphroditism) imply a true sexual

duplicity or repetition of any of the cor-

responding male and female parts ; but he
doubts altogether the probability of our third

division of double or complex hermaphroditism,

and conceives that in the examination of the

cases referable to that section a sufficient degree

of attention has not been directed to the ac-

curate anatomical distinction of the particular

parts supposed to exist, from others with which
it is possible to confound them. We shall

here, therefore, shortly inquii-e into some of the

principal sources of fallacy which are apt to

mislead the incautious observer in the examina-
tion of such instances as those to which we
allude ; and in doing so we shall consider the

various sources of error in an order conformable

with those divisions of double hermaphroditism

that we have previously adopted,—S[>eaking of

the mistakes which may be committed in Judg-
ing of the supposed co-existence, 1st, of a
female uterus, and male vesiculae seminales

and vasa deferentia ; 2d, of a female uterus

and male testicles, &c. ; 3d, of l)oth testicles

and ovaries.

1 . Fallacies in judging of the addition of
male seminal duets to a female type of sexual

organs.—That form of sexual duplicity which
we have formerly described as consisting in the

supposed superaddition of male vesiculae semi-

nales and vasa deferentia to an organization in

other respects female, appears to have been

* Neue Deokwuerdigk. fiir GeburUhiilfe. Bd, i.

n. 8.

t ITcber Angeb. menslicbe Miibildung. Land-
shut 1820.

t Thus Portal, Anat. Med. t. v. p. 474; Hallcr,
El. Phys. I. viii. p. 7, ** merilo dubitatur -,"

Voigicl, Handbuch dcr Paih. Anat. Bd. iii. ».3(J4;
Ijawrencc. Art. Generation, in Recs'sCyclopasdia.

§ Uildtuugcschicbtc dsr Genitalieu,

hitherto observed principally, or indeed only

among the Ruminanlia, and has in (larticular

been repeatedly found in free-martin cows. In
judging of the reality of this variety of herma-
phroditic malformation in any given case, there

IS one source of fallacy that requires to be par-

ticularly guarded against, and the consideration

of which may probably go far to explain away
most of tlie recorded examples of the mal-
formation. In tlie female sexual parts of some
Kuminantia and Pacliydermata,* but particu-

larly in the domestic cow and sow. Dr. Gaert-

ner of Copenhagen |>ointed out in 1822t the

existence of two canals or ducts which have
since that time been generally described under
his name. Un each side of the body, one of
these ducts arises in the vicinity of the ovary,

or near the fimbriated extremity of the Fallopiaa

tulie, runs down first in the duplicature of the

broad ligament, and afterwards in tlie sub-
stance of the parietes of the uterus and vagina,

to near the meatus urinarius, and there opens
into the vaginal cavity. Each duct communi-
cates with several small glands, follicles, or

cysts that are scattered along its course, and
which perhaps may not be improperly described

as diverticula from the ducts themselves. Now
when we consider the relations of those imper-
fect ducts and cysts that are occasionally ob-
sen'ed in the free-martin cow, situated along

each side of the defectively developed uterus,

and which Mr. Hunter has described as male
vasa deferentia and vesiculx seminales, it seems
to us not at all improbable that these supposed
male organs are only in reality the ducts of
Gaertner, with their accompanying follicles or

cysts generally perhaps existing in a morbidly
developed and dilated condition. They seem
at least to correspond much in their origin,

course, and position with the canals and cysts

discovered by Gaertner ; and certainly in the

present state of our knowledge it would appear
more reasonable to refer them to this normal
portion of the female structure, than to regard

them, until we have more decided evidence on
the subject, as abnormal male organs, and as

affording, in consequence, an example of sexual
duplicity.

In the course of the preceding pages we
have had occasion to allude to cases in the

human subject, and in the dog and sheep, in

which vasa deferentia were stated to have

existed in the same individual along with

Fallopian tubes. Whether, in any of these

instances, the supposed male seminal ducts

were merely canals analogous to those described

by Gaertner in the cow and sow, we shall not

take it upon us to determine, but in connection

with this inquiry it is interesting to remark that

Malpighi, who seems to have been well ac-

quainted witli the existence of the ducts in the

* M. Delinas seems to bave observed a somewhat
similar structure in tbe Kangaroo. (Ephcm. Medic,
de Montpellier, t. v. p Ho.)

t Anatomisk Beskriveise over el vcd Nogle Dyr-

Arters uterus nndersogt Glandulost organ, &c. Co-
penhagen, 1822 ; Edin. Med. and Soig. Joum.
vol. xxi. p. 460.
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cow, has suggested that they may also exist in

a more obscurely developed state in the human
female, and may perhaps be identified with the

ramous lacunae described by De Graaf, Bar-
tholin, Kiolan, &,c.

A. C. Baudelocque has, in a case published

in the Kevue Medicale for March 1826,
described a human uterus which contained in

its parietes a canal coming from the right

Fallopian tube, and opening upon the internal

sur&ce of the cen-ix uteri ; and Moureau and
Gardien seem to have met with a second (?)

similar instance.*

Before leaving this subject of the probable

source of feUacy which we have to guard
against in confounding the ducts of Gaertner
with the male seminal canals, it is necessary

also to observe, that some anatomistsf are now
inclined to consider these canals as the perma-
nent remains of the ducts of those W olffian

bodies which we shall presently have occasion

to allude to more at length, as forming a tem-
porary type of structure in the sexual develop-

ment of the early embryo ; and certainly the

two appear to accord in most points with

respect to their situation and course. If, how-
ever, it happens that further and more accurate

observations prove the two to be different, then

the possible permanent state of the ducts of
the Wolffian bodies must be looked upon as

affording another source of error, by which we
may deceive ourselves in judging of sexual

duplicity from the supposed superaddition of

male seminal canals to a female sexual

apparatus.

2. Fallacies in the supposed eo-exiitence of
a female uterus with testicles and other organs

of a male sexual type.—We have, in a pre-

vious part of this communic-ation, adduced
about twenty different instances in the human
subject, and in the quadruped, in which a
female uterus, or both an uterus and Fallopian

tubes were described as having been found upon
the bodies of individuals that were in other

respects essentially males.

In reference to some of these instances it

has been doubted whether the sexual organiza-

tion of the malformed animal was not entirely

male, the supposed and generally imperfect

uterus being conceived to be formed either by
a morbid dilatation and unfolding of the sub-

stance of the male prostate gland, or by an
abnormal union and development of the vesi-

cula; seminales. Thus, in the case detailed by
Ackermann, the only male sexual organ that

was entirely deficient was the prostate, and the

only reputed female organ which was present

was an imperfect cystiform uterus differing

greatly in structure from the form of this organ

in the infant, and having, as in the normal

state of the prostate, the vasa deferentia pene-

trating through its substance without opening

into its cavity, and ultimately terminating along

" Medical Repository for 1826, p. 571.

f As Jacobson of Copenhagen in Journal dc
riustitat, t. ii. p. IfiO ; and Die Okeuichca Koerper,
Sk. Copcnbagen, 1830.

with it in the jxwterior part of the uretlira. In
the analogous instance quoted in a preceding
page from Steghlencr, a similar arrangement of
parts was observed; and in that case there was,
in the enlarged ureters and renal infundibula,
sufficient evidence (as we shall afterwards point
out when sjpeaking of the probable causes of
hermaphroditism) of a distending power having
acted upon the whole internal surface of the
urinary and genital organs, and with so great a
force (we may in the meantime allow) as to be
capable of producing such a morbid dilatation

and unfolding of the substance of the prostate
as the doctrine alluded to requires. Such an
effect would be the more liable to be produced
if we can suppose this latter organ to have been
disposed, by original tenuity of its coats, or by
morbid softening or other diseased states of its

tissues, to yield more easily to the dilating

power, than any of the other surfaces to which
It happened to be applied. At the same time,
however, we confess that we conceive it unphi-
losophical to endeavour to account for all the
cases which we have previously quoted of the
addition of a female uterus to a male type of
sexual organization upon this mechanical prin-

ciple, or to attempt to explain away, in the mode
we have just referred to, the evidence which
these cases aHord of the occasional occurrence
of this combination as a true form of sexual
duplicity. For even granting that the instances
given by Ackermann and Steghlener, and per-
haps one or two other cases, are not at all

satisfactory in regard to the reputed existence
of such a variety of sexual duplicity, and
allowing, what seems indeed not at all impro-
bable, that the supposed very imperfect uterus
in these examples was merely an organ formed
by a dilatation of the prostate and seminal
ducts, there is still a sufficient abundance of
cases left to which this explanation cannot
possibly apply.

Thus, in the person dissected by Petit, the

imperfect uterus was furnished with two per-

forate F'allopian tubes of three and a half
inches in length, and at the same time it is

distinctly stated that not only the prostate

gland, but the vesiculee seminales and vasa

deferentia were also present. The va.sa defe-

rentia, between their origin from the testicles

and their urethral termination, were each above
seven inches long, and they entered the urethra

by two apertures that were quite distinct and
separate from the orifice of the uterus, which
opened into the urethral canal at a point placed

between the neck of the bladder and the

prostate. In this case we cannot suppose that

the uterus and Fallopian tubes were formed at

the expense of the prostate gland or male
seminal ducts, as they and all the other male
organs were present ; and consequently we can

only consider the female organs as a super-

addition to, and not a transformation of the

male structures; or, in other words, we must
look upon the above as an instance of duplicity

in a part of the sexual apparatus.

The same reasoning and remarks might be

shewn, if it were necessary, to apply in a greater
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or lees degree to the otlier analogous examples
in tlie human subject given by Harvey and
Professor Mayer,* as well as to the hermaphro-
ditic sheep described by Thomas, and the diffe-

rent cases in the goat mentioned and dehnealed

by Gurlt and Mayer. In all these latter cases

in the quadruped, the male organization appears

to have been perfectly developed, the testicles,

epididymes, vasa deferentia, and vesiculte semi-

nales being present in all of them ; and in

Thomas's sheep the superadded female uterus

shewed internally the usual characteristic rugose

structure, while its comua terminated in two
long Fallopian tubes. Id Gurlt's goat case all

the internal male sexual organs were found,

with the exception of Cowper's glands ; and
yet we cannot suppose that these glands could

have been transformed and moulded out into

that distinct and hollow uterus with its two very

long curved cornua, which the reporter has re-

presented as being present; not to mention the

total want of any collateral evidence in this and
in the other cases to which we have just now
referred, of any dilating power having acted

upon the genital or urinary organs in tlie em-
bryo.

3. Fallacies in the nipposed co-existence of
testicles and ovaries.—In several of those in-

stances in which there has been supposed to be
a co-existence of both testicles and ovaries upon
the same side or sides of the body, it seems
highly probable that there has been a fallacy in

the observation, owing to a want of knowledge
of some anatomical circumstances that are liable

to lead us into error in making an examination

of such a case.

We have previously had occasion to allude

to the existence in the foetal state of the Wolffian

bodies, which are placed one along each side

of the spine, and occupy at an early period in

the embryo a great part of the cavity of the

trunk. Tliese bodies, as is now well known
from the investigations of Kathke, Meckel,
Miiller, Burdach, and others, form in Mam-
malia and Birds at least, and equally so in

both sexes, the primordial matrices of the geni-

tal and urinary organs (see article Ovum), and
in the natural course of development altogether

disappear in man and in the quadruped during
the earlier periods of development, leaving no
vestige of their presence in the extra-uterine

animal.

This particular foetal type of structure, like

every other temporary type of the embryo,
may, from an impediment or arrest in (he natu-

ral course of the changes occurring in the deve-
lopment of the body in general, or of the genital

organs in particular, become, we have every

reason to believe, occasionally permanent in

one or more of its parts, and thus by its pre-

sence in the animal lead us to suppose that a
rudimentary testicle exists in an otherwise well-

marked female, or, on the other hand, diat an
ovary exists in an othenvise well-marked male.
Both of tliese mistakes will be the more apt to

be committed if the original excretory duct of

* See his second case in the foetus and those of
the two adulu in a preceding page.

the Wolffian body remains, for it may pre the

appearance of the addition of a vas deferens to

the supposed testicle, or of a Kallopiau tube to

the supposed ovary.

The error, also, of confounding a permanent
Wolffian body with the testicle wdl be the

more liable to occur, in consequence of the

former body being naturally composed of an

accumulation of convoluted diverticula which
might be readily mistaken by an incautious ob-

server for the seminiferous ducts of the latter.

Tliere is certainly strong cause for doubtine

whether, in some of the cases that we have cited

of the supposed co-existence of testicles and
ovaries upon the same sides, the unremovcd
Wolffian bodies and tlieir ducts had not either

been mistaken for testicles and vasa deferentia,

while the sexual organization was otherwise

truly female, or for ovaries and Fallopian tubes,

while the type of structure was in other respects

strictly that of the male. This remark may
perhaps with confidence be applied, for ex-

ample, to the case of the free-martin described

by Mr. Hunter ; and in this and in most
other similar instances the supposed testicles

and ovaries have not been at all examined
with any thing like sufficient anatomical ac-

curacy. At the same time, however, it ap-

pears to us impossible to explain away all the

recorded cases of the supposed co-existence of
testicles and ovaries upon this principle. In
reference to this point we would particularly

observe that the consideration of the relative

position occupied by the reputed testicles and
ovaries may perhaps afford us an useful guide

in cases of doubt. In some of the instances

that have been previously cited, the relative

situation of the supposed testicles and ovaries

was exactly such as the Wolffian bodies are

known to bear to these parts. In other in-

stances, however, as in the ape described by
Dr. Harlan, the relative situation in which tlie

testicles and ovaries were found, was that which
they occupy in the perfectly formed male and
female ; and in such a case as this it would
surely be over-sceptical, and at the same time
in opposition to all that we yet know of the

history of the Wolffian bodies, to suppose that

these bodies had imitated the testicles so far as

to move out of their original locality and travel

downwards through the inguinal rings. At the

same time we must recollect that in this case

the distinctive anatomical structure both of the

testicles and ovaries seems to have been satis-

factorily made out, in so far that the former are

described as " perfectly formed," and the latter

as having " minute ova visible in them." " The
male and female organs of generation," Dr.
Harlan adds," were as completely perfected as

could have been anticipated in so young an in-

dividual, and resembled those of other indivi-

duals of a similar age." Now if we once admit
in this, or in any one other particular instance,

that the evidence of the co-existence of testicles

and ovaries is satisfactory, then certainly we
may in any equivocal case be entitled to doubt
until we have some more sufficient criterion for

distinction pointed out, whether the dubious

double bodies that we may meet with be a
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rudimentary testicle or ovary conjoined with an
imperfect Wolffian body, or really a true in-

stance of the presence of both testicles and
ovaries upon the body of the same individual.

PHYSIOLOOICAt DEGREE OF SEXUAL PERFEC-
TION IN HERMAPHRODITES.

Among those lower tribes of animals, such as

the Abranchial Annelida, Pteropoda, &c. that

are naturally hermaphrodite, every individual

is in itself a perfect representation of the species

to which it belongs. In the higher orders,

however, in which the distinction and separa-

tion of the sexes comes to be marked, each in-

dividual being either solely male or solely

female, can, as has often been remarked, be re-

garded only as representing one-half of its

entire species. In most instances of hermaph-
roditism among these more perfect animals, the

malformed being does not even attain to this

degree of perfection, but is in general so defec-

tively constituted as not to have the proper

physiological characters and attributes of either

sex. In cases of spurious hermaphroditism it

would appear that sometimes, though the co-

pulative or external sexual parts are greatly and
variously malformed, the internal or proper re-

productive organs are developed with sufficient

perfection to enable them to perform the func-

tions belonging to them. We have very little

proof, however, that in any instances of what
we have described as true hermaphroditism,

the apparatus of either sex is even formed with

such anatomical perfection as to empower the

malformed being to bear a successful part in

the reproductive function. Indeed in all, or in

almost all cases belonging to this last order of

hermaphroditism, the individual who is the

subject of the malformation may, with much
more than poetical truth, be described both

anatomically and physiologically, as, in the

words of Ovid,

Concretus sexu, scd non perfectus utroque,

Ambiguo venere, neutro potiundus amore.

Tliere is on record one remarkable instance

of apparent exception to this general observa-

tion, a notice of which we have reserved for

this place on account of the want of any such
precise knowledge of the true anatomical pecu-

liarities of the case as might enable us to refer

it to the section which it ought to occupy in

our classification. The case to which we
allude was described by Dr. Ilendy of New
York, in a letter dated from Lisbon in 1807,
and the subject of it was a Portuguese, twenty-

eight years old, of a tall and slender but mas-
culine figure.* " The penis and testicles," to

adopt the words of Dr. Ilendy's own narrative,

" with their common covering the scrotum, are

in the usual situation, of the form and appear-

ance, and very nearly of the size of those of an

adult. The prseputium covers the glans com-
pletely, and admits of being partially retracted.

On the introduction of a probe, the male ure-

thra appeared to be pervious about a third of

its length, beyond which the resistance to its

passage was insuperable by any ordinary justi-

• • New York Mediaal Repository, vol. xii. p. 86.

fiable force. There Is a tendency to the growth
of a beard, which is kept short by clipping

with scissors. The female parts do not dift'erfrom

those of the more perfect sex, except in the size

of the labia, which are not so prominent, and
also that the whole of the external organs ap-

pear to be situated nearer the rectum, and are

not surrounded with the usual quantity of hair.

The thighs do not possess the tapering fulness

common to the exquisitely formed female ; the

ossa ilii are less expanded, and the breasts are

very small. In voice and manners the female

predominates. She menstruates regularly, was
twice pregnant, and miscarried in the third and
fifth months of gestation. During copulation

the penis becomes erect. There has never ex-

isted an inclination for commerce with the

female under any circumstances of excitement

of the venereal passion." In the preceding

case, (ifwe may confidently trust to the account
given of it,) we have ample proof of the exist-

ence of the internal female sexual organs in the

circumstances of menstruation and impregna-
tion taking place ; and at the same time there

appears considerable evidence for believing

that some of the male organs were present.

For even if we were to argue that the bodies

present in the scrotum or united labia might be
ovaries and not testicles, and that the supposed
semi-perforate penis was only an enlarged cli-

toris, still the masculine figure of the individual,

the imperfect beard, the narrowness of the

pelvis, and the form of the lower extremities

would tend to indicate the probable existence

of the rudiments of some male organs; and if

we go so far as to admit this, we must further

allow the present to be an instance of hermaph-
roditism, in which one of the sets of sexual

organs was capable of assuming their appro-

priate physiological part in the process of re-

production, though perhaps unable, if we may
judge from abortion having twice occurred, of
ultimately perfecting that process.

The preceding remarks upon the functional

reproductive jwwers of reputed true hermaph-
rodites have been meant to apply only to the

su pposed perfection of one order of their sexual

organs. It becomes a still more interesting

question whether it ever occurs that in any ab-

normal hermaphrodite among the more perfect

tribes of animals, both kinds of sexual parts

may be found in so perfectly developed a state

as to enable the individual to complete the

sexual act within its own body ; or, in other

words, to impregnate and be impregnated by
itself. Though we have assuredly no positive

proof to furnish* that a hermaphrodite so phy-

siologically perfect has ever yet been observed,

and should very strongly doubt its occurrence

* We do not certainly feel entitled to place
among the category of correct observations either

the alleged case given by Linneus (Mangetus* Bib-
liotheca Chirurg . lib. iv. ) of a sow with perfect male
organs on one side, and a womb containing several

fcetuses on the opposile ; or that mentioned by
Fabcr (Hernandez Nov. Plant. Anim. Mexic.
Histor. p. .547) and quoted by Haller and Rudolphi,
of the co-existence, in a rat, of ovaries and a uterus

with nine foeluses, along with complete male
organs.
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from the almost universal imperfection, in an
anatomical point of view, of the malformed or-

gans, yet we have, on the other hand, no very ra-

tional ground, except that of the experience of

all observers up to the present date, for denying
entirely and unconditionally the utter possibi-

lity of it. And peihaps we should look upon
this possibility with a less degree of scepticism

when we consider that a double hermaphrodi-
tism exists as the normal sexual condition of

some of the lower tribes of animated beings,

and at the same time take into account the (act

of the more or less direct communication which
has been generally found to exist between the

female uterus and the male passages, in cases

of lateral and of complex hermaphroditism in

the human subject and in quadrui>eds.

In one of the cases of hermaphroditism in

the goat, previously quoted from Mayer, and
where there were present two male testicles,

epididymes, vasa deferentia, and vesiculse semi-
nales, and a female vagina, uterus and Fallo-

pian tubes, with a body at the abdominal ex-

tremity of one of these tubes that was supjiosed

by Mayer to resemble a collection of Graafian
vesicles, the male vasa deferentia opened into

the female vagina ; and its cavity with that of
the uterus, and of all the male sexual canals,

was distended with a whitish Huid of the odour
and colour of male semen, and containing, ac-

cording to Uergmann, the chemical nrinci])le

proper to that secretion. It is not, therefore,

altogether without some appearance of founda-
tion in fact, that Mayer has added to the history

of this case the following problematical remark

:

" Fuit ergo revera hermaphroditus semetipsum
fcecundare studens."*

In a similar strain Dr. Harlan has added to

the account that he has given of the very com-
plete case of hermaphroditism already men-
tioned as met with in the Borneo ourang-

outaiig, the following observations and queries.
" Admitting," he remarks, " what in reality

appeared to be the fact, that all the essential

organs of both sexes were present in this indi-

vidual, had the subject lived to adult age, most
interesting results might have been elicited.

Could not the animal have been impregnated
by a male individual, by rupturing the mem-
brane closing the vulva ? or by masturbation,

might not the animal have impregnated itself?

by this means exciting the testicles to discharge

their seminal liquor into its own vagina. The
imperfection of the urethra most probably
would have prevented the animal from ejecting

the semen into tlie vagina of another indivi-

dual."t

It has been sometimes urged as an argument
conclusively illustrative of the fact of a double
hermaphrodite impregnating itself, tliat in the

hermaiihrodite Gastrophaga phii described by
Scopoli,J the insect is stated to have been seen

to advance its penis and copulate with its own
female organs ; and afterwards, we are inform-
ed, the female side laid eggs from which young

' Irones, &c. p. 20.

t Medical and Physical Researchet, pp. 23, 24,

t Introd. ad Hiit. Nat. p. 416.

caterpillars were produced. Before, however,
admitting this case to present an incontroverti-

ble instance of absolute hermaphroditism, with

the functions of the two sets of sexual organs

existing in a perfect condition upon the same
individual, it is necessary to recollect a possible

source of fallacy in this circumstance, that

female Gastrophagi have been observed to lay

fertile eggs, although they had not had pre-

viously any connection with the male, as re-

marked by Professor Baster* in one instance in

a female Gastrophaga qutrcifotia, and in ano-
ther in the Gastrophaga pini by Suckow.f The
same (act is further alleged to have been ob-
served in some few instances by Pallas, Trevi-

ranus, Beniouilli, and others,^ in regard to in-

dividuals belonging to some other of the higher

orders of insects and animals, as in the Liiinunis

auricularii^ and Helix vivipara\\ among Mol-
lusca, thus bringing them in this respect into

analogy with the Aphides and Cyprides.

CAUSES OF HERHAPHRODtTIC MALFORMATION.
As yet we possess very little accurate know-

ledge either in respect to the mode in which
the determining causes of hermaphroditic mal-
formation act, or the nature of these causes
themselves.

Most of the varieties of spurious herma-
phroditism may, as we have just explained,

be traced to an arrest in the development of the
sexual organs at one or other period of their

evolution, in consequence of wnlch some of
those types of structure in these parts which
were intended to be temporary and transitory

only, are rendered fixed or permanent in their

character. Our knowledge of the more imme-
diate causes of such arrested development in

these and in other individual parts and organs
of the body, is as yet extremely limited, and for

the discussion of it we must refer to another
part of the present work, (see article Mon-
strosities). We may, however, in reference

to the particular forms of arrested development
observed in hermaphroditism, remark that in

consequence of the great influence which, as
we have already pointed out, is exercised by
morbid states of the ovaries and testicles, in

retarding or preventing the evolution of the
sexual apparatus and characters after birth, it

has been suggested with considerable probabi-
lity by Meckel^ and Isidore St. Hilaire,** that

in their ultimate analysis certain cases of her-
maphroditic malformation may be traced in the

course of their causation to morbid influences

exercised in the early embryo, at a period
more or less near to conception, upon the

ovaries or testicles, or upon those organs of a
neuter or yet undetermined sex which after-

wards assume the structure of one or other of

* Mem. de I'Acad. Roy. de Berlin. 1772.

t Hetuingci's Zeitschrift fiir Orean. Pby<. Bd. ii.

S.263.

t Burmeister'g Entomology, s. 204. Burdach't
Physiologie, t. i. $ 44, 4-8.

i Isi. for 1817, p. 320.

li Spallanzani, Mem. sur la Rasp. p. 268.
% Anot. Gen. t. i. p. 609.
** Hist, des Anomal. de I'Organii. t. ii, 58,
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these bodies. Further, the effects which this

supposed morbid influence exercises directly

upon the embryonic ovaries and testicles, and
indirectly through them, upon the rest of the

genital apparatus, and consequently the modi-
fications of sexual structure which it produces,

may possibly be much varied according to its

extent, duration, and nature, and according to

the particular period of developmental which it

comes into action. It is evident that this ex-

planation of hermaphroditism can only refer

to the varieties of the malformation which
consist of an imperfection or deficiency in the

development, and cannot apply to those in-

stances in which there is a superaddition of
sexual organs. If, however, we can once
satisfy ourselves that any set of cases whatever
are traceable to a morbid action affecting the

testicles or ovaries of the early embryo, our

investigations into the causes of these cases

will necessarily be much simplified, for our

inquiries would be reduced from a vague and
indefinite search after the production of a num-
ber of anomalies of structure affecting several

different organs at the same time, to an attempt

to trace out the nature of those morbid condi-

tions to which the embryonic testicles and
ovaries were subject, and which were capable

of so far changing the structure and action of

these organs as to give rise to the effects in

question. Of the diseased states, however,
to which the reproductive and other organs of

the system are liable during the progress of their

early development, we at present know little or

nothing, although in the investigation of this

subject a key, we believe, may possibly be yet

found to the explanation of many of those

malformations to which different parts of the

body are subject.

Osiander* and Dugesf have suggested

that the variety of spurious hermaphroditism
which consists of a division of the peri-

meum in the male, may be produced me-
chanically in the embryo by the prseterna-

tural accumulation of fluid in the urinary

canal, on account of an imperforate state of
the urethra, and the consequent distension and
ultimate rupture of the urethra, &e. From
cases published by Sandifort, Ilowship, Bi!-

lard, and many others, we are now fully aware
of the fact that all the urinary canals of the

foetus in utero are occasionally found morbidly

distended with a fluid, which, according to

the interesting observations of Dr. Robert Lee,!

would appear to possess the more character-

istic qualities of urine. We have dissected

one case in which the dilated foetal bladder was

as large as an orange, and have seen in the

Anatomical Museum of Dr. William Hunter
at Glasgow the preparation of another instance

in which the bladder of a full-grown foetus

was dilated to the size of that of the adult

subject. In one case mentioned by Dr. Mer-
riraan, the distended organ contained half a

* Neue Denkw. fiir Aertzte und Geburtsh, Bd. i.

t. 264, 267.

t Ephem. Med. de Moutpellier, t. v. p, 17, 45,
and 52.

t Loudau Med.-Chirurg. Trans, vol. xtx.

pint of urine,* and in another detailed by Mr.

Fearn it was capable of containing as much as

two quarts of fluid.-|-

It is not impossible that the causes in ques-

tion,—namely, the obliteration of tlie urethra

and the consequent distention of all the urinary

passages, and probably also of the sexual

canals communicating with these passages,

—

may occasionally produce in the male embryo

a re-opening of theperinaeal fissure, giving thus

to the external parts the appearance of a female

vulva, and perhaps at the same time may lead

to the retention and imperfect development

of the testicles by the distention of their ducts,

and the unusual compression to which these

organs may be subjected. Indeed we have

satisfactory evidence, in a few instances, that

such a cause may have been in operation, by

our detecting the other acknowledged effects of

the urinary accumulation in question,—such as

preternaturally dilated ureters, and a cystic

form of the infundibula of the kidneys, as in

a case of hermaphroditism given by Mayer, in

a human foetus,! '" t''^ kid described by

HaUer,§ and in the child whose case we have

already quoted from Steghlener. (See trum-

verse hermaphroditism.

)

At the same time the total absence of these

collateral proofs in most other cases of hypo-

spadias, our knowledge of the fact that the

perinaeal aperture is in some cases never shut,

and the difficulty of conceiving the possibility

of its being re-opened when once it is firmly

closed, are perhaps sufficient to shew that the

cause or causes alluded to produce in but few

if any instances the effect here attributed to

them.
We deem it not uninteresting to point out

in this place, under the question of the origin of

hermaphroditic malformations, a circumstance

which has struck us in considering one or two

of the cases in which the sexual apparatus of

one side of the body was more imperfectly

developed than that of other, viz. that the

opposite side of the encephalon was at the

same time defectively formed. Thus in the

case of Charles Durge, on the right side of

whose body there was a well-formed testi-

cle, and on the left an imperfect ovary, the

right hemispheres of the cerebrum and cere-

bellum, but particularly of the latter, were

found by Professor Mayer to be smaller and

less developed than the left, and the left side of

the occiput was externally more prominent

than the right. The same author, in the ac-

count of his case of hermaphroditism in a

person of eighteen years of age, which we
have previously quoted,|| and where there was

an imperfect testicle, &c. on the right side, but

no trace of testicle or ovary in the lef>, inci-

dentally mentions that the right side of the

cranium was somewhat prominent,—" dextra

pars cranii pauUulo prominet," in conrespon-

• London Med. and Phyi. Joum. vol. xxv. p.

279.

t Lancet for 1834-35, p. 178.

X See p. 8, of Icones, &c.
I Comment. Soc. Reg. Sc. Gotting. torn. i. p. 2.

U Iconea, p. 12.
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ilenoe, tlicro is every reason to believe, with a
slijjlit predominance in size in the liemispheres

of the enccphalon of the same side. In ad-

ducing tliese two cases we do not wish to draw
any inference with regard to tlic relation of

causation between the size and development of

the enccplialic mass and the determination of

the sex, but would merely point out the facts

themselves in the meantime, for the purpose of
drawing attention to the subject in the observa-

tion of any future similar instances tiiat may
happen to occur.

In connection with the question of the causes

of hermaphroditism, it is interesting to remark
that in some instances malformations of the

genital organs giving rise to appearances of her-

maphroditism have been observed both to be
herediliiri/ in particular families, and in other

cases to occur among several of the children of
the same parents. Tlius Heuremann* mentions
an example of a family the females of which
had for several generations given birth to males
who were all affected with hypospadias ; and
J^ecatf alleges tliat a degree of hypospadias
is not uncommon among families in Nor-
mandy. In Rust's Magazine an instance is

related of a degree of hypospadias existing in a
father and son.J Baum,§ in his essay on con-
genital fissures of the urethra, has referred to

two instances of the existence of hypospadias
in brothers of the same family, the first men-
tioned by Walrecht,|| and the second by
Gockel.1l Sir Everard Home** found two
cases of hypospadias in two children belonging

to the same parents. Kauw Boerhaaveft men-
tions an example of four hypospadiac brothers,

and Lepechin another instance of three.jj

Naegele has reported a case in which two male
twins were both hypospadic,§§ and Katsky||||

and SaviardHK have mentioned similar in-

stances.

We have already, when treating of transverse

hermaphroditism, alluded to another fact long

and extensively known among our agriculturists,

but first prominently brought before the notice

of physiologists by Mr. Hunter, that the free-

martin cow, or the cow that is born a co-twin
with a male, is generally barren and has its

sexual organs more or less defectively developed
or hermaphroditically formed.**' In three dif-

* Medicin. Benbacht. Bd. ii. s. 234, and Larocbe
sur Ics Monslrosites dc la Face, p. 30.

t Anuaud, 1. c. p. 312.

\ Magazin fuer die Geaammte Heilkande, Bd.
xviii. 8. 113.

$ De tissuris nrcthrs virilis fiuuris congenilis,

p. 54.

|{
Burdach's Metamorphose dcs Geschlechter, p.

62
'% Eph. Nat. Cor. Dec. ii. Ann. 5. (1686), p. 85.
"• Comp. Anat. iii. p. 320.

tt Nov. Com. Acad. Sc. Petropolit. t. i. p. 61.
tab. xi.

tt Ibid. t. xvi. p. 525.
«i Meckel's Arcliiv. Bd. v. . 136.

Ill
Acta M. Bcrol. Dec. 1. torn, ix, p. 61.

fir Observ. Chirarg. p. 284.
••• From ihe Romans employing the female noun

taura lo signifv a barren cow, it has been ingeni-
ously conjectured that they wfre not unacquainted
with the fiee-martin. Thus ColomelU de H« Kui-

ferent instances Mr. Hunter confirmed the feet

of the anomalous sexual dcvelojiinent of such
animals by dissection ; and Scarpa* and
Gurltf have published some additional ob-
SCTvalions and cases. We have lately liad

an opportunity of dissecting the sexual fstrts of
two adult free-martins, and found them, as

already detailed, formed after an abnormal and
imperfect sexual type ; and our friend Dr.
Allen Thomson made some years ago a similar

observation upon a free-martm twin fixtal calf.

Cases, however, exceptional to the general fact

of the sterility and imperfect sexual conforma-
tion of the free-martin twin cow are not unfre-

quently met with. Mr. Hunter found the
sexual organs of a free-martin calf that died
when about a month old apparently naturally

constituted. He speaks also of having heard of
some free-martins that were so perfectly formed
in their sexual parts as to be capable of
breeding ; and different instances of their fe-

cundity have been published by Dr. Moulson
and others^ since the time that Mr. Hunter
directed attention to this subject. In some
pretty extensive inquiries which we have made
m regard to this point among the agriculturists

of the Lothians, we have learned only of two
instances in which free-martins proved capable
of propagating, and such cases seem to be
always looked upon as forming exceptions to

the general rule.

We are not aware that among other uni-
parous domestic animals, as the goat, mare,
&c , when a female is bom a co-twin with a
male, this female is sterile, and has its sexual
organs hermaphroditically formed, as in the
free-martin cow ; and we are sufficiently as-

sured that no such law holds with regard to

twins of opposite sexes among sheep. Sir
Everard Home, in his essay on monstrous for-

mations, § mentions tliat in warm countries

nurses and midwives have a prejudice that such
women as have been bom twins with males
seldom breed ; and we have found the same
prejudice existing to a considerable degree
among the lower orders in Scotland. Mr.
Cribb,|| of Cambridge, published in 1823 a
short paper in order to refute this notion as far

as regarded the human subject. He refers to

the histories of seven women who had been
bom co-twins with males. Six of these had
children, and the remaining seventh subject
alone had been married for several yean
without any issue. We have ourselves made
a series ofextensive inquiries of the same nature

tica, lib. vi, chap. 22, speaks of " taura which
occupy the place of fertile cows ;" and Varro in
like manner (lib. ii cap. 5.) states that " the cow
which is barren is called taura" (qase sterilis cat,

taura vocatur). There is no evidence, however,
that they were acquainted with the particular cir-

cumstances relative to birth under which free-mar-
tins are produced.

* Mem. dellaSocieta Italiana, t. ii. p. 846.

t Lerbuch der pathol. Anat. Bd. ii. s. 188.

X Loudon's Magazine of Nattiral History, vol.

v. p. 765. See also Youatt on Cattle, p. ,539,
Farmers' Magazine for Nov. 1806 and Nov. IB07.

i Comp. Anat. vol. iii. p. 333-4.

II
London Med. Repos. vol. sx. p. 213.
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as those published by Mr. Ciibb, and have
obtained authentic information regarding forty-

two adult married females who had been born as

twins with males. Of these, thirty-six were
mothers of families, and six had no children,

though all of them had been married for a
number of years. Two of the females who
have families were each born as a triplet with
two males.* In the IVIedical Repository for

1827 (p. 350) an anonymous author has men-
tioned an instance of quadruplets consisting of

three boys and a girl, who were all reared : the

female afterwards became herself the mother of

triplets. Limited as the data to which we
here allude confessedly are, they are still amply
sufficient to show that in by far the majority of

cases the females of twins of opposite sexes are

in the human subject actually fertile, and, as

some of the cases we have collected show, they

are occasionally unusually prolilic.

On the other hand, however, it may be con-

sidered by some that the same data rather tend

in a slight degree, as far as they go, to support

the popular prejudice of the infecundity in a

number of cases of the female twin, and her

analogy in this respect with the free-martin

cow; for out of the forty-two instances which
we have mentioned, we find six in which the

woman has had no children, though living in

wedlock for a number of years, or one out of

seven of the marriages of such women has

proved an unproductive one,—a proportion,

we believe, considerably above the average

ofunproductive marriages in society in general,

or among women of any other class. Hut
perhaps, before drawing any very decided

conclusion with regard to this point, a more
extended foundation of data would be requisite

than any we have hitherto been able to adduce,
as it is perfectly possible that our having met
with six exceptional cases may be a mere
matter of coincidence.

As to the cause of the malformation and
consequent infecundity of the organs of gene-
ration in the free-martin cow, we will not ven-

ture to offer any conjecture in explanation of it.

It appears to us to be one of the strangest facts

in the whole range of teratological science,

that the twin existence in utero of a male along

with a female should entail upon the latter so

great a degree of malformation in its sexual

organs, and in its sexual organs only. The
circumstance becomes only the more inexpli-

cable when we consider this physiological law
to be confined principally or entirely to the

cow, and certainly not to hold with regard to

sheep, or perhaps any other uniparous animal.

The curiosity of the fact also becomes
heightened and increased when we recollect

that when the cow or any other uniparous ani-

mal has twins both of the same sex, as two
males or two females, these animals are always

both perfectly formed in their sexual organiza-

tion, and both capable of propagating. In the

course of making the preceding inquiries after

• Notes of the histories of these cases individu-

ally were read to a meeting of the Royal Physical

Society of Edinburgh in the beginning of 1837,

females born co-twins with males in the human
subject, we have had a very great number of

cases of purely female and purely male twins

mentioned to us, who had grown up and be-

come married, and in only two or three in-

stances at most have we heard of an unpro-

ductive marriage among such persons.

Further, we may, in conclusion, remark that

among the long list of individual cases of her-

maphroditism in the human subject that we
have had occasion to cite, we find only one
instance, (Eschricht's case of transverse herma-

phroditism,) in which the malformed being is

stated to have been a twin. Katsky, however,

Naegele, and Saviard have each, as before stated,

mentioned a case in which both twins were

hermaphroditically formed in their sexual organs.

HERMAPHRODITISM IN DOUBLE MONSTERS.
One of the most curious facts in the history

of double monsters is the great rarity of an
opposite or hermaphroditic sexual type in

their two component bodies, the genital organs

of both bodies being almost always either both

female or both male.

Physiological science affords us at present

no satisfactory clue to the explanation of this

singular circumstance. From two cases of

double monstrous embryos observed in the egg
of the domestic fowl by Wolff* and Baer,f

and from a similar case met with in the egg of

the goose by Dr. Allen Thomson, it appears

certain that double monsters sometimes originate

upon a single yolk, probably in consequence of
the existence of two cicatricula; upon this yolk,J

or of two germinal points (or two of the vesi-

cles of Purkinje and Wagner) upon a single

cicatricula. In such a case the two bodies of

the double monster are so early and intimately

united together as to form, almost from the

commencement of development, a single sys-

tem ; and therefore the fact of the uniformity

of their sexual character is the less remarkable.

But in other instances when the double mon-
ster originates (as from the phenomena of in-

cubation in double-yolked eggs we know to be
frequently the case,) on two separate yolks or in

two separate embryos becoming fused or united
together, at a more advanced stage of develop-
ment, it appears more extraordinary that the

sexes of the two conjoined foetuses should be
so constantly uniform as they seem to be in

monsters perfectly double. This uniformity
only becomes the more singular when we re-

flect that twin children are not at all unfrequently
of opposite sexes.§

456.

Nov. Comment. Acad. Petropolit. tom.xiv. p.

t Meckel's Archiv. fiir Physiologie, &c. for 1827,
p. 576.

X We have in our possession a preparation, taken
from a duck's egg, in which two fuU-grown ftrtuses

are developed on opposite sides of a single yolk of
the common size.

$ In the Edinburgh Lying-in Hospital forty-six
cases of twins occurred from 1823 to 1836, both
years inclusive. In seventeen of these cases the
two children were both females ; in sixteen both
males ; and in the icmainiug thirteen instances one
child was male and the oth«r female. We know of
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Tlie fiict itself, liowever we may explain it,

of the comparatively extreme rarity of bolli

male and female sexual organs u|>on double
monsters seems sufticiently established by va-

rious careful investigations made into the sub-
ject. Thus out of forty-two perfectly double
monsters which Ilaller* was able to collect at

the time at which he wrote, there were only
two that were supposed to be of double sex,

or, in other words, that had one body male,
ami the other female. Among double-headed
monsters with single lower extremities, he
found an hermaphroditic type more common,
and adduces three examples of it.

In re- investigating this matter, the late Pro-
fessor Mcckelj- could discover among the nu-
merous class of monsters with jierfectly double
bodies united anteriorly or laterally by the tho-

rax and abdomen, only one very doubtful case
of exception to the above general fact. In the
class of double monsters united in the region

of the pelvis he mentions two exceptional

c;ispsfrom ValentiiiJ and llasenest;§ of double-
headed monsters with sini^le bodies, he quotes
three similar cases from Lemery,|| Bacher,ir
and Hilsius ;*• and of monsters with a single

head and double body he adduces two cases
from Brissa!us+t and Condamine,U 'i which
in a like manner one body of the monster was
sujiposed to have female, and the other male
sexual organs. Several of these cases, how-
ever, certainly rest upon too doubtful authority
and insufficient observation.

Isidore St. Ililaire has still further extended
the data on which the above general fact is

founded, by shewing that the same uniformity
of sex holds good with respect to double para-
sitical monsters,^§ and even in monstrosities
double by inclusion. Thus out of this last in-
teresting class of double monsters, he atludes||||

to ten distinct cases in which the sex of the
included being was ascertained. In six out of
these ten cases the including and included body
were both male; and in llie other four tliey

were both female.

On the whole, therefore, we roust consider
as founded on a proper induction from the ex-
isting data, the axiom of Meckel,—" Sexuum
diversorum indicia in eodem organismo, quan-
tumvis duplicitate peccet, non dari, sed unum
tantuin observari."1111 But while all the data
hitherto collected with regard to this subject

oD« family in the different branches of which
twelve pairs of twins li»vc been born wiihin ihree
gencralionj. In eleven out of these twelve jiairs
the co-twins have been of opposite sexes.

• Opusc. Anat. (1751,) p. 176.

t I)e Duplicitate Moustrosii, p. 21,

} Eph. Nat. Cur. Dec. ii. Ann. iii. p. 190.
i Comment. Lit. Notimb. (1743,) p. 58.
n M.m. lie I'Acad. des Sc. de Paris, for 1724.
t Roux' Jour, de Med. (1788,) p. 483.
*• IllanVaan's Coll. Med. &c. (1G80.)
tt Six Observat. de M. Ilrisseau, (Paris, 1734.)

p. :b.

Jt Mem. de I'Acad. dos Sc.(1733,) p. 401.
«^ Hist, des Anomal. de I'Organiz. torn. iii. pp.

235 and 386.

Jill
lb. p. 311.

tf De Duplitf. Monst. p. 21.
vor. u.

wouKl $ec>m to point it tlius out as one of tlie

most constant and best ascertained laws in te-

ratology, slill we are not alioktelher disposed to

consider it with Zeviani* and Lesauvaj;et as

subject to no exceptions whatever. In the

study of monstrosities, as in the study of other

departments of medical science, we niid many
general, but no universal laws.
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HERNIA (in morbid anatomy). The pro-

trusion of any viscus from tlie cavity in which

it ought naturally to be contained is termed a

hernia, and thus the apparent escape of any
part from any of the great cavities of tlie body

may seem to constitute the disease : still, how-

ever, as the real existence of cerebral or thoracic

ruptures rests upon very doubtful authority and

is extremely questionable, and as abdominal

protrusions are unfortunately equally palpable

and frequent, the application of tlie term is

usually limited to tliem. To this frequency

many causes seem to contribute. In the walls

of the abdomen there are three remarkable

natural openings, or perha|)s it would be more
correct to say, there are three situations so weak
and unprotected that they easily yield and per-

mit the escape of any viscus that may be di-

rected against them with even a moderate de-

gree of force : these are, the umbilicus, through

which during ftttal life the umbilical cord

passes; the inguinal canal, which allows the

passage of the spermatic cord in the male, and

the round ligiiment of the uterus in the female
;

and the crural ring, which transmits the great

bloodvessels to the thigh and lower extremity.

The nature of the walls too, which are princi-

pally composed of muscle, and the condition of

the viscera within, loose, liable to change of

size and situation, and subject to irregular pres-

sure by the contractions of these muscular walls,

dispose to the occurrence of the disease in any

of these situations, where the resistance to such

pressure is but feeble. Hence hernitE are most

frequently met with at one of the places al-

ready mentioned,—the umbilicus and the ingui-

nal !ind femoral canals. Uut there are other

situations* at which protrusions may possibly

take place, although fortunately they are infre-

quent, such as, at the side of the ensiform car-

tilage, at the obturator foramen, at the sacro-

ischiatic notch, and between the vagina and
rectum in the female. It is also evident that

if the muscles or tendons of the diaphragm
are wounded, some portions of the contents of

the abdomen may escape, thus constituting the

varieties of ventral and phrenic hernia. Ac-
cordingly the forms of this disease have been

arranged and named from the different places at

which they occur,—an arrangement of the

greatest practical importance ; for as the struc-

ture, the size, and shape of each aperture must
exert a peculiar influence on the condition of

the protruded viscus, on its liability to become
incarcerated, on the possibility of its being

returned, on the steps to be adopted for this

purpose, and above all on the safety and suc-

cess of an operation should such be necessary,

a knowledge of each of these in connexion with

hernia is absolutely indispensable.

Besides this division of hernia as to situ-

ation, there is another of very considerable im-

portance derived from the nature of the viscus

displaced: thus in abdominal ruptures the con-

tents of the tumour may be intestine alone, in

which case it is called entcroede ; or omentum
alone, the epiplocdc ; or both these may be

engaged, constituting the entero-epiploccle.

There is not a viscus in the abdomen or pelvis,

excepting perhaps only the pancreas and kid-

neys, that has not at one time or another

formed the contents of a rupture. The stomach

has been partially displaced through the dia-

phragm, or pushed through the walls of the ab-

domen : the duodenum has formed part of a

ventral or umbilical hernia : the jejunum or

ileum are very likely to he protruded in any
situation : the omentum is often displaced,

particularly in inguinal hernia; at the left side :

the large intestines from being more fixed are

not so frequently thrust out, yet the coecum and
colon are but too often found among the con-

tents of a rupture. 1 have seen a large portion

of the liver in an umbilical hernia of the infant:

Verdierf relates numerous cases of hernia; of

the urinary bladder ; and PottJ mentions one
which renders it nearly certain that the ovaria

in females may suffer in a similar manner.
However, the natural situation of any viscus

within the abdomen is but an uncertain cri-

terion by which to judge of the contents of a
hernia in its vicinity. The strangest displace-

ments have been observed occasionally in the

examination of this disease : thus the sigmoid

flexure of the colon has been protruded at the

right side, and the ccecum and valve of the ileum

at the left. In all large and old herniae the

parts are dragged out of their proper situations,

* Sur plusicurs hernies singuliercs. Garengcot,
Memoires de I'Academie Royale de Chir, torn, iii*

p. 336. Paris edit, in 1,5 vols. 1771.

t Mem. de I'Acad. Royale Je Chir. torn. iv. p. 1.

} Pott's Works, by Earle, vol. ii. p. 210.
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and tlieir appearances on dissection and rela-

tive p<}sitioiis are oAcii siicli as no one from
anatomical knowledge alone could ever have
suspected to be possible.

Jn all forms of abdominal hernia excepting
those only which immediately supervene on
l)enetrating wounds, the contents of the rupture
are lodged within a pouch or bag termed the

tierniiil sue, which is formed of the peritoneum.
This nicmbntne lines the entire cavity so ]>er-

fectly and completely that nothing can pass out
from it without the membrane also participating

in the derangement and being pushed out before
the displaced viscus. (Jnce formed, this sac
is rarely ca|>:ible of being replaced or returned
into the cavity of the abdomen ; never unless
the hernia is small and recent, and " the cel-

lular substance accompanying it and the sper-
matic cord through the ring has not lost its

natural elasticity and contractility." • Many
surgeons have doubted the possibility of such
an occurrence at any period.t but the fact has
been demonstrated by dissection, and still more
forcibly by the circumstance of the hernia
having been thus strangulated within the ab-
domen when the sac has been returned along
with it. However, as I have said, the sac when
once formed is rarely capable of being replaced,
nor does it long remain in this abnormal situation

without undergoing some change in its patho-
logical condition—a change which it is not
always easy satisfactorily to explain. In small
hernia? that have recently come down, the struc-

ture of the sac differs in nothing from that of
the abdominal peritoneum ; and if the rupture
is not reduced or kept up by a truss, it will pro-
bably increase in size without any remarkable
alteration of tissue, for the membrane is ex-
tremely distensible, and will accommodate
itself to any quantity of contents. But, if the
hernia is carefully kept up, there can be no
doubt that the sac will gradually contract and
seem to rise up and approach the opening
through which it originally passed, so that,

although its cavity is never completely oblite-

rated, it is palpably diminished in size, and in-

capable of receiving and retaining the same
quantity of contents it originally held. Some-
times in old and neglected herniae the sac
seems to become so thin that the peristaltic

motion of the intestines within it nas been
clearly perceived : this most frequently occurs
in umbilical hcmia, and is one of the reasons
wliy this form of rupture was supposed not to

have been enveloped in a sac at all. Again, on
the contrary, in old herniae also, and particularly

where bandages have been worn to support or
coin])ress the tumour, it seems to become very
thick, strong, and tense, and is said to have teen
met with .as tou^h and as thick as cartilage.

But in the great majority of instances these
changes are rather apparent than real, and
though doubtless the structure of the sac is no
longer exactly that which it possessed before
protrusion, the alteration is not so great as

. • Scarpa on Hernia, translalcd byWishart, p. 68.

t Sue LoiiU, Mem. de I'.Vcad. Roy. de Chir,
torn. ii. p. 486.

some writers have supposed. It was th«

opinion of Scarpa that an old hernial sac is in

reality but slightly if at all thickened, and that

the apparent thickening is caused by the con-

densation of the cellular tissue external to and
around it. And here I may remark that diffe-

rences of opinion as to the altered structure of

the sac may have arisen from a difference of
accuracy and minuteness in examination, either

during the progress of an operation or after

death. We shall find hereafter that the normal
anatomy of the |>arts connected with hernia is

largely indebted to the knife of the anatomist

for the shapes of the different openings, the

division and enumeration of the different layers

of fascia, and many other points ; but in the

morbid anatomy of the disease the same patient

investigation and the same accuracy of descrip-

tion has not been so uniformly observed, and
hence our knowledge of the latter part of the

subject as compared with the former is by no
means so defined and exact.

Where a rupture has been a long time down,
it is not probable that the intestine shall thus

remain in an abnormal situation without occa-

sionally suffering from intlammatiou, and hence

adhesions between it and the sac are by no
means unfrequeiitly formed : the same effect

may be produced by accidental violence, or

from the latter cause the sac may be ruptured

and its contents left lying under the usual

coverings independent of the peritoneum.

This is another of the cases in which a hernia

has been supposed to exist without the invest-

ment of a sac.

The peritoneal aperture leading from the

cavity of the abdomen into that of the rupture

is narrow, and is called the neck of the sac : its

dimensions as to length, however, vary with

circumstances. As long as the communication
is open and free between the two cavities, all

that portion of peritoneum which is placed

between them and corresponds to the canal

through which the rupture has passed, may be
termed the neck, and thus in inguinal hernia

may be an inch, and in crural half an inch in

length. But when the protruded parts are

strangulated, the little circle only around which
the compression directly operates is more pro-

perly entitled to the appellation, and its extent

is seldom greater than two lines. When the

neck of the sacofai'fry recent hernia is viewed
from the cavity of the abdomen, the peritoneum

in its vicinity is .seen thrown into slight folds or

plaits, which appear to be prolongeddownwards
into the tumour; but on slitting open the neck,

I have never seen this ap|')earance within it, the

membrane there being smooth, rather whiter and
more opaque, and evidently thicker and more
uryielding than elsewhere. If such a hernia

in the living subject has been reduced and kept

up by a truss, the neck gradually contracts

under the pressure, and its diameter with re-

spect to that of the ring turough which it has

passed is altered to a degree that is of the

greatest importance in the event of another pro-

trusion, for it will be shewn hereafter that such

a diminution of size greatly predisposes to the

occurrence of strangulation. It is also possibh
3c 2
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that the nock shall be so contracted that in the

new occurrence of hernia an addilional portion

of peritoneum may be detruded, and then tlie

sac must present the shape of an hour-glass,

narrow in the centre and broad at either end :

sometimes two, three, or more of these succes-

sive protrusions lake place, and then the sac

is divided into so many sacculi with incomplete

intercepts or partitions between them. Or one
portion of peritoneum may be forced within

another, so that the intestine is actually in-

cluded within a double sac. This last is a

curious and very uncommon occurrence. On
tlie other hand the neck of a hernial sac may
suffer distension. In very old ruptures that

have become irreducible or from any other

cause been long down, the neck of the sac

sometimes becomes wonderfully dilated, and tlie

portion of intestine immediately passingthrough
it scarcely subjected to the slightest pressure.

There is one form of hernia, the chief

peculiarity of which lies in the nature of its

jjeritonealmvestment, for, correctly speaking, it

possesses no proper sac. It is the hernia con-
genita,* a species of rupture which occurs in

very young infants, and sometimes, under
peculiar circumstances, in persons of a more
advanced age also.

During the early periods of foetal existence

tl)e testes do not occupy iliat situation which
they possess in after life. They are placed

within the abdomen, above the pelvis, whicli at

this time is so small and imperfectly developed
that many of the viscera lodged within it after-

wards, seem now to lie within the belly. They
are just below the kidneys, in front of the psoas

muscle at each side, and possess, like other

viscera, an investiture of peritoneum, which is

afterwards to be the tunica vaginalis testis.

About tlie sixth month, or perhaps the seventh

or even later, (for it observes no exact rule in

this respect,) the testis begins to descend, not

gliding behind theperitoneum,but preservingits

own investing coal until it comes to the internal

abdominal ring, where it pushes a process of

peritoneum out before it, just as an intestine

would do in the production of a hernial sac.

This is afterwards to become the tunica vaginalis

scroti. The testicle then passes on through the

inguinal canal, through the external ring,f and
finally drops into the scrotum. After some
time the canal ofcommunication with the cavity

of the abdomen begins to contract and close,

and if the usual process goes on healthily and
without interruption, very shortly a complete
obliteration takes place, and the testis is sepa-

rated from the abdomen perfectly and for ever.

Tlie time at which this is accomplished is ex-

tremely uncertain : sometimes it is perfect at

birth ; in other cases the canal is more or less

open, and then, if the infant cries or struggles,

a portion of the contents of the abdomen is

protruded into the cavity of the tunica vaginalis.

• liuutor's Animal CEconomy.
t See sonic oT.servnuons on the descent of the

testicle hy the late Professor Todd, of Dublin, in the

1st vol. i)uljlin floApital Reports, See also Hcy's
Observations in Surgery, p. 226.

and the hernia congenita is formed. If any part

of the above-mentioned process is interrupted

or postponed, it will occasion some variety.

Thus the tunica vaginalis may not exhibit its

usual disjiosition to close and become obliter-

ated at its neck, and then for a length of time

the patient is exposed to all the inconvenience

and hazard ofthedescent of a hernia: sometimes

the testicle does not come down until a much
later period, a circumstance that is often occa-

sioned by the gland contracting adhesions with

some adjacent viscus in its passage, and inay be

attended with the additional inconvenience of

drawing down such viscus along with it. The
surgeon should also be aware of the possibility

of the protrusion of another portion of perito-

neum into llie open tunica vaginalis, and thus a

mixed case may arise of a congenitiil containing

within it a proper sacculated hernia.

The congenital rupture, then, has no proper

sac, but is lodged within the tunica vaginalis in

close apposition with the testis • hence many
of its peculiarities can be explained. It is

obviously the only kind of hernia in which an

adhesion can exist between the testicle and the

protruded viscus, and it is also evident that the

testis does not bear the same relation to the

protruded viscus in this that it does in cases of

ordinary rupture. Here it is higher up, and

seems to be more mixed and identified with the

other contents; the entire tumour is more even

and firm, the protruded parts are less ea.sily

felt and distinguished; and Hesselbach states

that when strangulation is present, the sac is

every where equally tense, and the testis cannot

be felt at all. In very young infants a small

quantity of Huid is often present along with the

intestine in the tunica vaginalis; it disappears

when the child is placed in the recumbent posi-

tion, and does not add to the difficulty or im-

portance of the case. It has been stated that

the tunica vaginalis has a natural tendency to

become closed at its neck, and therefore is it

more likely to thicken and diminish in capacity

in this situation so as to form a band round the

protruded viscus. Pott* was of opinion that

congenital hernia was more subject to be con-

stricted at the neck of the sac than any other

:

Wilmer stated that out of five cases of congen-

ital hernia on which he operated, three were
strangulated at the neck of the sac; and Sandi-

fort and others maintained the same doctrine.

Scarpat thought that every displaced portion

of peritoneum possessed the same tendency to

contraction, and advanced it as a reason why
stricture in the neck of a hernial sac should be

more frequent in all kinds of hernia than is

generally supposed. It is not easy to place

implicit reliance on this latter opinion, because

the neck of the common hernial sac when once
formed is never again completely closed ; but

with respect to congenital hernia the observa-

tion appears to be equally coiTect and im-

portant.

Scarpa! describes a form ofhernia which may

• Pott, op. citat. p
t Page 131

1. 184.

} Op. citBt. p. 205 ct seq.
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under certain circumstances of imperfect or care-

less exiiniinatioii apiiear to be devoid ofa pro|)er

SIC, formed by a descent of the pcriloiicura.

This occurs at the right groin, is always large,

and is formed by a protrusion of the ccecum
with the appendix vermiformis and the begin-
ning of the colon. The cfficum is placeil in the

right ileo-lumbar region, and a portion of it does
not possess a peritoneal covering, but lies abso-
lutely irilhout the great abdominal membranous
sac : when therefore these parts are protruded,

a portion of the ccecum and the beginning of
the colon will be found included and contained
in the hernial sac, while another |x>rtion of the

same intestines will be necessarily without the

sac, and lying denuded in the cellular substance
which accoinijanies the descent of the perito-

neum in the hernia. If this tumour is opened
into by an incision carried too much towards
its external side, the cojcum and colon will be
exposed lying outside of the peritonenro,and ap-
parently devoid of a hernial sac; but if cut
Into precisely in the middle or a little towards
the inner side, under the cremasler muscle and
the subjacent cellular tissue, the true hernial

sac will be found, formed of the peritoneum.
Within this will be seen " the greater portion

of the ccecum with the appendix vermiformis,

and likewise the membranous folds and bridles

which seem to be detached from the hernial

sac to be inserted into these intestines, the
smaller portion of which will be without the

sac, in ttie same manner as when these viscera

occupied the ileo-lumbar region." This form
of rupture I have never seen, and must there-

fore refer the reader to Scari>a's work, wherein
lie will find the [leculiarity most satisfactorily

explained.

tint in the arrangement of herniic, that di-

vision is most practically interesting which has
reference to the condition or state of the intes-

tine or other protruded vi.scus, and the disease

is then described as being reducible, or irredu-

cible, or strangulated.

1. A hernia is said to be reducible when it

either retires spontaneously on the patient as-

suming the recumbent posture, or can be re-

placed williout difficulty to the operator or
future inconvenience to the patient beyond that

resulting from the employment of measures
adapted to ret;iin it within the cavity. This
condition supposes that the relation (particu-

larly as to sire) between the hernia and the

aperture through which it had escaped has not
undergone any alteration.

2. It is irreducible when there is such a
change in the structure, situation, or other con-

dition of the protruded viscus as to render it

impossible to be returned, although the aper-

ture through which it passed may offer no im-
pediment. There is another case in which a
hernia has been considered irreducible, namely,
when it would be impolitic or unwise to attempt
the reduction, supposing it to be perfectly

practicable.

3. A hernia is strangulated when the relation

as to size between the protruded viscus and the

aperture through which it has passe<i is so

altered as not only to prevent reduction, but

to cause such a degree of compression at

the aperture as will interrupt the circulation

through the escaped viscus, and endanger its

vitality. This condition has been supjiosed to

exist in two different forms, strangulation by
inflammation and by " engouement,"* or as

Scarpa terms them, " the acute and chronic ;"+

but this division only has reference to the

severity of the symptoms and to the rapidity

or slowness of their progress, for although an
intestine may be in a state of obstruction which
will, if unrelieved, proceed to strangulation, yet

the latter slate cannot be said to have arrived

until the return of the venous blood from it is

actually impeded. The protruded viscus is

then in a situation precisely similar to that of a
limb round which a cord had been tied with

sufficient tightness to interrupt the circulation

and threaten to induce inortificiition.

Tliese different conditions will be best under-
stood by tracing a rupture through each of them
in succession.

A person may be suspected to have a reduci-

ble hernia when, afler the application of some
force calculated violently to compress all the

viscera of the abdomen, an indolent tumour
appears proceeding from some of those places

where the walls of the abdomen arc known to

be weakest and least resisting. And the sus-

picion is increased if the tumour is elastic, if

it sounds clearly on gentle percussion, and
becomes suddenly puffed up and swelled, as if

by air blown into it, when the patient coughs,

sneezes, or |)erforms any of those actions which
forcibly agitate the abdominal parietes. The
reducible hernia becomes smaller or perhaps

disappears altogether when the patient lies

down : it appears of its full size when he stands

erect; if neglected, it has a constant tendency
to increase, which it does sometimes by de-

grees, slowly and almost imperceptibly, but

more frequently by sudden additions to it;i

bulk, which are formed by new protrusions,

lu this form of the disease tlie qualities of the

viscus engaged within the sac, as to form, size,

and structure, may be considered as unchange<l

:

within the abdomen, however, the fold of

mesentery which supports the protruded intes-

tine is constantly more elongated than it natu-

rally should be, and likewise thicker and more
loaded with fat. It is also marked with dilated

and tortuous veins.

Although thus displaced, the viscus is still

capable of performing its part in the function

of digestion, and as long as the contents of the

bowel pass fairly and uninterruptedly through

it, there can be little or no danger; but it is

not difficult to conceive how a gut so circum-

stanced may occ;ision great inconvenience.

The peristaltic motion must be more or less

impaired ; the passage of the contents may be

delayed, and hence will arise nausea, colicky

pjiins, erucUilions, and those other dysi)eptic

symptoms from which even the most favoured

patients do not escape. These irregularities

* Gonrsaud, Mim. del'Acsd. Roy. de Chir. torn,

ii. p. 382.

t Op. cit. p. 290.
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again can soarcely exis^ for any length of time

Without producing some inflammation, and
thence it follows that it is rare to meet with an

old hernia in which adhesions have not formed

either between the intestine and the sac, or

between the convolutions of the protruded

viscera, circumstances that must render it im-

possible to replace the hernia, or supposing it

replaced by force, will be likely to occasion

incarcerations within the cavity of the abdomen
itself These adhesions, as discovered either

during operation, or by dissection after death,

are of different degrees of closeness, tirmness,

and tenacity, and have been arranged under

three classes, the gelatinous, the membranous,

and the fleshy.

"The gelatinous adliesion, a very general

consequence of the adhesive inflammation

which attacks membranous parts placed in

mutual contact, is only formed by a certain

quantity of coagulable lymph, effused from the

surface of the inflamed parts, which coagulating

assumes sometimes the appearance of a vesi-

cular reddish substance stained with blood,

sometimes of threads or whitish membranes

easily separable from the parts between which

they are interposed and which they unite to-

gether, without any abrasion or laceration being

produced by the separation, on the surface of

the parts agglutinated together."* This kind

of adhesion being the result of rccejit inflam-

mation can rarely be met with in operations

performed for the relief of strangulated hernia,

for the condition of a viscus so engaged is that

in which such an effusion would be unlikely, if

not impossible. Its vessels are loaded and

congested with venous blood : there is effusion

of serum to a greater or less quantity, as is seen

in every instance of obstructed venous circu-

lation ; and if there is recent lymph, it must be

owing to the fortuitous circumstance of the

viscus having been inflamed immediately before

it became strangulated. In a vast number of

cases operated on, I have seen but one instance

ofthe existence of this sof\ adhesion, and in that

the hernia was not strangulated : it was a case

(such as is related by Pott) of inflammation

affecting the intestines generally, in which those

within the hernial sac, of course, participated.

The membranous and fleshy adhesions are

the results of former attacks of inflammation,

and are exactly similar to those attachments so

frequently met with between serous surfaces in

other situations. When the opposed surfaces

lie motionless and undisturbed, their connexion

is firm and fleshy, and hence this kind of adhe-

sion is seen at the neck of the sac, between the

omentum and the sac, and occasionally between

the intestine and the testicle in congenital

hernia; whilst between the convolutions ofthe

intestine itself, or between it and the sac, any

union that exists is more generally loose and

membranous.
Besides adhesion, there are many other

causes that may render a hernia irreducible,

one of the most prominent of which is the

patient's neglect in leaving the hernia down,

* Scarpa, p. 180.

and the alterations in shape and structure that

thence ensue. In such case, the parts within

the tumour, as the mesentery and omentum,
have room to increase, whilst at the mouth of

the sac they remain constricted and of their

natural size, though condensed and solidified in

structure. This happens particularly with the

omentum, which becomes hard, very dense, and
compact, and not uiifrequently resembles a

fibrous structure covered by a tine smooth

membrane, and then there is within the sac a

tumour actually much larger than the aperture

it would have to pass, and through which no
force could be capable of pushing it.

It may happen that the part ofthe omentum
which is below the stricture shall remain loose

and expanded, and enjoy its natural structure,

whilst that which is lodged within the neck of

the sac is compressed and hardened, in which

case the hernia will probably prove irreducible.

It .-iometimes happens that scirrhus of the

intestine renders a hernia irreducible. Such a

malignant alteration of structure is by no means

frequent in the intestinal tube—certainly far

less so than in the omentum, but the possibility

of the occurrence is proved by a case under my
own immediate superintendence. The patient

had a large hernia which he had been able

occasionally to reduce, but which was usually

left down. On a sudden he was attacked with

symptoms of strangulation, small quick pulse,

tenderness of the abdomen, acute pain in the

tumour, constipation, general low fever and

foecal vomiting. The operation was performed,

and the cause of the symptoms found not to

have been in the situation of the neck of the

sac, which was more than commonly open and

free, but in a scirrhus of one of the lesser

intestines.*

The form of hernia already noticed as being

apparently devoid of a sac has been mentioned

by Pottf as one peculiarly diHicult of reduc-

tion. " They have consisted of the coecum with

its appeiidicula and a portion of the colon.

Nor," continues this distinguished surgeon, "will

the size, disposition, and irregular figure of this

pan of the intestinal canal ajjpear upon due
consideration a very improbable cause of the

difhculty or impossibility of reduction by the

hand only."

The last circumstance to be considered as

rendering a rupture irreducible is the absolute

size of the tumour and the quantity of viscera

it contains. It is amazing to what extent the

contents of the abdomen may be protruded

from it, and the jjatient nevertheless enjoy a

state of health that might be called good, so far

as the annoyance of such a tumour could

warrant the expression. Kvery surgeon must
have heard of hernisc in which all the loose

intestines were protruded, and in fact every

tiling that could with any degree of probability

be supposed to have been capable of being

pushed from the cavity of the abdomen. I

• The preparation of this interesting case is in

the Musoiim ofthe Medico-Chirurgical School, Park
Street, Dublin.

t Pott, op. cit. p. 24.
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Imve seen and dissected a case of tliis descrip-

tion in wliicli the tumour during life readied to

witliin two inches of the knee, and obliged the

unfortunate subject of it (who was a lamp-
bplitcr) to wear a petticoat instead of breeches.

Similar instances are not very unfrequent, and
it is obvious that an attempt at reduction here

would be injudicious even if it was practicable.

It is the nature of all hollow structures in the

body, whether cavities or vessels, to accommo-
date their size and cajMcity to the quantity of
their contents, and the cavity of the abdomen
will, under such circumstances, become so con-

tracted as to be either incapable of immediately
receiving the protruded viscera again, or else

tlie sudden distension will excite peritoneal

inflammation—an evil greater than the existence

of the hernia. These latter, however, cannot
be regarded as permanently irreducible, for

Arnaud, Le Dran, and Hey have succeeded
in gradually restoring them by means of a
bandage shaped like a bag, which being laced

in front admitted of being tightened still as the

tumour diminished.

The last and most fearful condition of a rup-
ture is its state of strangulation, in which the
jirotruded viscus, no longer capable of being
returned to its former situation within the ab-
domen, no longer fit for the performance of its

functions, is banded and bound down at its

neck in s\ich w^ise as to interrupt and impair
the circulation through it. In order properly

to understand this part of the subject, it will be
necessary to consider it under three heads :

—

1. the causes that seem to produce the stran-

gulation ; 2. its effect on the structures within
the hernial sac; 3. its eflect on the viscera

within the cavity of the abdomen.
1. Of the three natural apertures at which

abdominal hemiae commonly occur, one, the

umbilicus, is unquestionably seated within

tendon, and so circumstanced that any con-
traction of any muscle connected with it, whe-
ther spasmodic or permanent, must rather ex-
pand the opening than contract it. Another,
the crural ring or canal, is composed of tendon
and of bone, and so constructed that although
certain positions of the trunk or inferior extre-

mity might possibly diminish its size, no mus-
cular action can exert any influence over it.

The third, the inguinal canal, is of greater length
and more complicated in its construction, and
it is a question whether the same pathological

condition can be predicated of it, or whether
strangulation does not here occasionally occur
in consequence of muscular action alone.* Sir

A. Cooper seems to acknowledge the possibility

of a spasmodic stricture at the internal ring, the
strangulation then being eflected by a com-
pression exercised by the inferior edge of the
internal oblique and transversalis muscles.^
Guthrie speaks of hernice being frequently
strangulated by passing between the fibres of
the internal oblique, which are separated at the
inferior and external border of the muscle above

the origin of the creraaster.* Scarpa lays that

" towards the side, at about eight lines distance

from the ayiex of the ring, the lower muscular

fibres of the internal oblique muscle separate

from each other to allow the spermatic cord to

p;Lss between them :"f and again, " the small

sac or rudiment of the hernia, not unlike a

thimble, when it makes its first appearance

under the fleshy margin of the transverse, rests

immediately on the anterior surface of the

spermatic cord ; it then extends and passes in

the middle of the separation formed by the

divarication of the inferior fleshy fibres of the

internal oblique and of the principal origin of

the cremaster muscle."J It must, however, lie

conceded that Scarpa did not attribute the

strangulation of any form of inguinal hernia to

a contraction of these muscular fibres. Now,
although it is almost presumptuous to difler

from authorities of so high a class, yet I cannot

agree either with the opinion that herniie are

liable to a spasmodic constriction, or with the

descriptive anatomy on which such an opinion

might be founded.

In about one subject out of every three or

four there certainly is a slight divarication or

separation of fibi-es of the external oblique

muscle, or raflier there is a cellular connexion

between the origin of the cremaster muscle and

the inferior fibres of the oblique, which is easily

separable by the knife ; but the question is,

does the spermatic cord in the natural condition,

or the hernia in its course to tlie external ring,

pass through or between these fibres ? I believe

they do not. I have dissected numerous cases

of hernia without observing such a disposition

of parXs, and I think that if either the spermatic

cord or the hernia took such a course, the pro-

trusion must then come to lie in front of the

cremaster muscle—a position that has not been

hitherto observed. When a hernia is found at

the groin, the tendon of the external oblique is

somewhat stretched and arched forwards above

Poupart's ligament in front of the inguinal

canal : the fascia transversalis may be stretched

also, and the epigastric artery pulled out of its

place and made to approach the linea alba;

ijut the muscles arising from Poupart's liga-

ment, the internal oblique and transversalis, re-

main unchanged, and if ever strangulation is

effected through their operation it is in the

manner suggested by Sir A. Cooper. But it

is more simple and perhaps more scientific to

place muscular contraction out of the question

altogether. The phenomena of strangulation

exhibit nothing like the irregularities of spasm:

there is no sudden exacerbation, no succeeding

relaxation—no alternation of suffering and re-

lief, no assuagement of symptom from medi-

cines decidedly antispasmodic; the disease once

established goes on with an uninterrupted and

certain progression that will not admit of expla-

nation by a cause so irregular as spasra.

But it is unnecessary to resort to an expla-

nation which might prove so practically dan-

• See the anatomy of inguinal and femoral bemia
in a future part of Inis article,

t Cooj>cr on Hernia, p. 21.

• Guthrie.

t Scarpa, op. cit.

} Ibid. p. aO.

,27.
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gerous, because the existence of strangulation
with all its fearful seqiielx> may be proved, in

situations and under circumstances where the
iiifiueiice of spasm or of muscular action is ob-
viously impossible. Thus intestines have been
found strangulated within the cavity of the ab-
domen Itself, as when a fold of intestine has
passed through an accidental opening in the
mesentery or the omentum, or when artificial

bands or nooses have been formed by lymph,
the products of former inflammation. Scarpa
relates a very interesting case in which he
found that the appendix vermiformis surrounded
in the manner of a ring and strangulated a long
loop of the ileum just before its insertion into

the colon.

If il be conceded that the natural openings
at which abdominal hernia; occur are composed
either of tendon or of tendon and of bone, and
therefore are not subject to accidental variations
of size from irregular muscular action, it would
seem on a prima facie view that wherever any
substance had passed out it ought to be able
to return, provided an equal degree of force is

employed with that which originally caused
the displacement. And this actually does take
place, for the hernia returns spontaneously or
IS easily reduced as long as the original propor-
tion between the size of the protruded part and
that of the aperture remains unaltered. Again,
as long as this relation is maintained, the cir-

culation through and from the protruded viscus
will continue equable and healthy, but an in-

testine from its structure and its functions is

extremely liable to a cliange of size, and when
that happens, the proportion no longer exists,

and the hernia begins to become incarcerated.
If not relieved, the protruded viscus continues
to swell, and is thus made to form an acute
angle at the spot where it escaped, which
tightens the ring of intestine immediately at
the neck of the sac : the return of the venous
blood is thus prevented ; the swelling then
increases until not even gas can pass through,
and then strangulation is complete. In this

way a number of circumstances connected with
hernia can be explained. If the ring is small,
a very trifling change of size in the protruded
part will be sufficient to cause strangulation :

hence crural hernia is more liable than inguinal,

and very recent ruptures in which tlie ring is of
its natural size than those of long standing, in

which that aperture is probably enlarged.

Persons who are formed with large rings, and
thus possess an hereditary disposition to hernia,

are less liable to strangulation : this may ex-

j>lain I'ott's remark that " if the hernia be of
the intestinal kind merely, and the portion of
the gut be small, the risk is the greater, stran-

gulation being more likely to happen in this

case;" for assuredly if the ring is so small as to

]>ermit only the escape of a knuckle of intestine,

a very trifling change in the latter will be suffi-

cient to establish a disproportion between
them. Again, if a hernia has come down, and
been reduced, and ke]it up until the neck of

the sac has been diminished in size, and if

afterwards a protrusion takes place, a very

trifling alteration in this latter will render it

incapable of return, and explain why such her-

nia; are so frequently strangulated at the neck
of the sac. Hence il appears that a straitness

or tightness at one of the rings may be a predis-

posing cause of strangulation, that is, may be

a reason why one hernia should become sooner

strangulated than another, but the immediate
or efficient cause is a change in the condition

of the viscus itself. Thus when a loop of in-

testine is gangrened, and its contents have

esca])ed totally or partially into the sac, the

hernia often returns spontaneously, the parts in

the immediate neighbourhood of the ring re-

maining unaltered. Also if such a hernia is

the subject of operation, there is no necessity

for dilating the seat of the stricture : indeed

Louis forbids the practice lest some essential

point of adhesion should be destroyed. " Di-
latation," says he, " is only recommended in

order to facilitate the reduction of the strictured

parts. In the gangrened intestine there is no
reduction to make, and there is no longer

strangulation, the opening in the intestines

having removed the disproportion that had

existed between the diameter of the ring and
the volume which the parts had acquired; and
the free passage of the excrement which the

sphacelus has permitted removes every symptom
that depends on the strangulation."* In like

maimer may be understood why omental her-

nije are less liable to become strangulated, be-

cause this structure is not subject to any sud-

den change of shape or increase of volume :

when it does occur, the progress of the disease

is more slow, and the symptoms are said to be

less severe.

The division of herniae into the incarcerated

and strangulated, or into the acute and chronic

forms of strangulation, however practically

valuable if it inculcates a diffijrent mode of

treatment for these afl'ections, is yet pathologi-

cally incorrect if it supposes any analogy be-

tween them and the acute and chronic s[)ecies

of inflammation. An incarcerated hernia is

not strangulated ; it is really in a condition re-

sembling irreducibility. I have before stated

that in large and old hernia; the neck of the sac

generally becomes enlarged, and of course such

a change of dimensions in the protruded viscera

as is necessary to cause their strangulation will

be proportionally less likely to occur. But
hard and unwholesome and indigestible sub-

stances may gain admission into some of them
and lodge there, for it must be recollected that

the process of digestion cannot be very favora-

bly carried on in intestines thus protruded,

placed in positions that will render it necessary

that their contents must ascend against the in-

fluence of their own gravity, and deprived of

the salutary pressure exercised by the walls of

the abdomen on the viscera within it. If such

a lodgment is formed, it will be the cause of

future accumulation, and may occasion a deter-

mination of blood to the part or even inflam-

mation within it, thus gradually increasing its

volume and leading il to a stale that must end
in strangulation. Undoubtedly, if the dura-

• Mem. dc I'Acatl. Uoy. do Chir. torn. viii. p. 45.
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tion of such a Ciise is reckoned from ihe first

occurrence of symptoms, which at that period

are only those of indigestion, it will be an ex-

ample of a very chronic case of strangulated

hernia ; but these two slitges of the disease

ought to l>e distinguished, for the treatment

that would be judicious in the one might be

injurious or destructive in the other, llie in-

carceration of a hernia docs not, moreover, ne-

cessarily involve its eventual strangulation, and
this constitutes a vast difficulty in the case, for

on the one hand few surgeons will advise an
operation until there is an obvious and decided

necessity for it, and on the other it is quite

possible in a case of this description that the

symptoms shall never be urgent, and yet the

intestine be found in a state of actual sphace
lus. I have seen a patient operated on in

whom Ihe hernia had been down and the

bowels constipated for eighteen days. The
intestine was completely mortified.

That strangulation which is most rapidly

formed is the most severe in its symptoms and
tlie most dangerous in its consequences, but

between these extremes there is every possible

degree of intensity. A hernia has been gan-

grened in eight hours after protnision. Mr.
Polt frequently mentions a single day as caus-

ing a most important difference in the case,

and 1 have found an intestine sphacelated on
the day following the first occurrence of the dis-

ease ; however, in general the case is not so

quiclvly decided, although every moment of its

duration is pregnant with danger. The change
that is effected in the strangulated viscus next

demands attention. Its altered condition has

iieen always spoken of under the name of in-

tlaramation,* not from want of a perfect and
accurate knowledge of its pathology, but pro-

bably from the term appearing convenient and
being hastily adopted by one writer from ano-
ther. Yet as it is not inflammation, the name
is incorrect, and perhaps it has been injurious

in leading practitioners to attempt a mitigation

of the inflammation in the tumour, instead of

the more obvious indication, a diminution of

its size. The volume of n strangulated intes-

tine is always increased. In small herniae

(which in this respect can be more accurately

examined) the intestine, on the sac being divi-

ded, starts up and swells out as if relieved from
a compressive force. It always contains air,

and if cut into, a small portion of dark-coloured

serum will generally escape. Its colour, which
is inanifesily occiisioned by an accumulation of

venous blood, is at first of a reddish tint of
purple, soon however changing to a coffee

' ** The inflaramation that takes place ia stran-

gulated hernia is ditTercnt from a'most every other
species : in most cases it is produced by an unusual
qii.intity of blood sent by the arteries of the part,

wtiich become enlarged ; but still the blootl returns
freely to tlie heart, and the colour of the inflamed
part is that of arterial blood j whilst in hernia the
inftummation is caused by a stop being put to the
return of the blood through the veins, which pro-
duces a great accumulation of this fluid, and a
clian^e ol its colour from the ailerial to the vciiuus
hue.' Cooper on llcniiii, p. 20.

brown, and there is always more or less of
serum within the sac, as in every other ease of
venous congestion. If unrelieved, dark and
fibrous sjHJts apj>ear which are truly s])ecks of
mortification ; tliey very soon separate and
allow a discharge into the sac of a quantity of
putrid faeces and horribly fetid gas. This
done, the intestine either remains collapsed

within the sac, or retiren spontaneously into the

abdomen.
In the meantime the parts covering the

hernia become inflamed ; in the first instance

probably from sympathy with the deeper struc-

tures, afterwards obviously as an effort of nature
to get rid of the putrid and sphacelated matter
underneath. In the early stages the local sym]v
toms are seldom very severe: the tumour is

scarcely painful, and will permit reiterated at-

tempts at the reduction of the hernia, and en-
dure considerable pressure, whilst the abdomen
may not be touched without intense suffering.

In a little time, however, it becomes tense and
tender to the touch, red, oedematous, and pitting

under the finger, which leaves a white impres-
sion for a moment after it has been withdrawn.
In fact, it is erysipelatous inflammation attack-
ing the coverings of the hernia, and its approach
is often accelerated by handling the tuniour or
by repeated injudicious attempts to reduce it.

This (if the patient lives sufficiently long)
always terminates by tlie formation ofoneor more
sloughs, on tlie separation of which the putrid
coverings are thrown off, and the contents of
the bowels being evacuated, the patient's life

may be saved, but with the inconvenience and
danp;er of an artificial anus at the groin. It is

seldom that the efforts of nature are thus ca-
pable of procuring relief, the contents of the
rupture being generally sphacelated, and incu-
rable mischief effected within the abdomen
long before its external coverings shew any dis-
position to burst spontaneously. I think the
condition of the sac has some influence on this

external inflammation. In all cases it under-
goes a less injurious alteration of structure tiian

the intestine contained within it, and is often
found comparatively sound while the hitter is

in a state approaching to sphacelus. The supe-
riority of Its vascular organization, its containing
a greater quantity of blood, and moreover the
volume of air always contained within the
bowel, will explain this pathological difference;

but the sac itself sometimes sufl'ers from con-
gestion to a greater or less extent, and this, of
course, in proportion to the degree of con-
striction fixed upon its neck. An old hernial

sac, the neck of which is thickened and ac-
customed to its new position, and which is

itself probably one of the chief causes of the
stricture, will be less likely to suffer from an
interrupted circulation than a recent protrusion

just forced out through a narrow iindilated

ring. It is in this latter case that the external

structures ought to be the soonest engaged, and
it has been in recent and acute cases of hernia

that I have seen the earliest examples of super-
ficial inflammation.

3. Such, during the progress of a hernia, is

tlie condition of the parts more locally engaged;
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but a far moie serious because a more fatal

process is going forward within tlie abdomen.
It must be recollecled tliat a gangrene of the

intestine wlien out of llie abdominal cavity is

not necessarily fatal ; that the gut may die and
putrefy, and be thrown off by the results of

external inflammation and sloughing, and yet

the patient bve for many years with an artificial

anus, or even have the natural passage per anum
restored again. Numberless cases of artificial

anus have thus occurred, not one of which
could have been saved if the sloughing of the

intestine was inevitably mortal. But soon
after the strangulation is effected, either from
the pressure on the viscus, which may be sup-
posed to have a material influence, or from the

mechanical obstruction to the passage of the

faeces, inflammation is established within the

cavity, commencing probably at the strictured

spot, and spreading thence with great rapidity.

The part of the peritoneum most engaged is

that which covers the line of intestine inter-

posed between the stricture and the stomach

;

the least, that which invests the walls of the

cavity. This inflammation may be in part

salutary, for it occasionally causes an adhesion

of the intestine at the neighbourhood of the

ring so firm that it cannot be removed there-

from, and thus provides for the occurrence of

an artificial anus subsequently without the

danger of any internal eff'usion ; but unless the

stricture is relieved at this time, and a check
thus given to the progress of the disease, the

intestines become matted with lymph, effusions

are poured out of a similar nature to those that

occur in other forms of peritonitis, and the

patient dies—not of the gangrene of the pro-

truded intestine, but of the peritoneal inflam-

mation within.

On opening the body of a person who has
thus died, the intestines above the stricture are

found inflamed, of a red or pink colour, greatly

distended with flatus and perhaps with fa;cal

matters ; below the stricture they are inflamed

also, but remarkably diminished in size. There
is always an effusion of lymph to a greater or

less extent glueing the convolutions of the

bowels together, and there is often on the sur-

face of the peritoneum not covered with lymph,
a dark appearance as if blood was ecchymosed
beneath it. Kffusions are also constantly met
with, sometimes apparently of pure pus,

diffused, particularly throughout the spaces

formed by the apposition of the convoluted

intestines, sometimes more abundant, and con-

sisting of serum mixed with lymph in loose

and floating flakes; and occasionally a more
gelatinous substance is observed very much re-

sembling the jelly-like material that surrounds

frog-spawn in stagnant ponds. I have never

met the existence of gangrene within the ab-

domen in any case of death from strangulated

hernia.

The line of intestine, then, within the ab-

domen, and the loop within the sac, are difi'e-

renlly circumstanced. Above the stricture

there is active inflammation exactly such as

might occur idiopathically, presenting the same
morbid appearances, and accompanied by a

similar train of symptoms : belovr, there is a
state of venous congestion in which the vessels

endeavour to relieve themselves by pouring out
a serous effusion, and in which gangrene super-
venes with a rapidity proportioned to the tight-

ness of the constriction. Between these, and
immediately under the stricture, it is white,

pale, and bloodless all round for the space of
two or three lines, and appears to be diminished
in size more than it really is on account of the

great enlargement immediately above and below.
The condition of this strictured ring of intestine

is of the utmost importance in the progress of

the case, for it is not uncommon for it to ulce-

rate or to slough under the influence of the

continued pressure. 1 have seen an operation

admirably performed, and the intestine returned

under apparently favourable circumstances,

yet the patient sink and die in the course of a
few hours : a small hole existed in the con-
stricted spot, through which facal matter had
escaped and become diffused within the cavity.

In another instance, from the anxiety of an
operator to inspect the condition of this spot

previous to the return of a hernia, the intestine

in the act of being drawn out tore almost as

easily as a wetted rag.

It will not be difficult to connect the symp-
toms of this disease with the morbid alterations

just described. When a hernia is about to

become strangulated, the earliest symptom is

in general pain, at first referred to the seat of

the stricture, but soon becoming diffused over

the abdomen, when the chief suffering is often

seated in the region of the navel. The belly

then becomes hard and tense, at first rather

contracted, but subsequently swollen and tym-
panitic : it is exquisitely tender to the touch,

cannot endure tlie slightest pressure, and in

some cases even the contact of the bed-clothes

is intolerable. The patient lies in bed with
his legs drawn up, and if possible his shoulders

bent forward on the trunk ; he cannot without

excessive torture endeavour to move himself in

any direction, and a moment in the sitting pos-

ture is not to be endured. Of course when
the whole canal of the intestine is constricted,

there must be constipation of the bowels ; yet

cases have been mentioned in which, though
all the other symptoms of strangulated hernia

were present, the discharges from the bowels
have not ceased,—a circumstance that has been
explained by the supposition that only a por-

tion of the circumference of the intestine was
engaged. I believe, however, that most of
these cases were delusive, and that when the

alvine discharges have continued to a very late

period, the case was one of incarceration in

which peritoneal inflammation may not be

established for a longtime or perhaps at all;

or else the practitioner was deceived by some
of those discharges from the line of intestine

below the stricture which are so frequently

brought away by the administration of enemata.

The explanation of the symptom is too mecha.
nical, particularly when it is recollected that

idiopathic inflammation of the peritoneum will

generally (although not always) produce the

same effect, and that it is as regular, as constant,
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and as complete in omental as in intestinal

ruptures. At a very early period of the case
the stomacli becomes engaged, and there is

vonnlMig, at first in large quantity until the
contents of the stomach are evacuated ; it is

then less, dark-coloured, and excessively bitter;

and finally a substance is discharged having the
appearance and fetor of the feculent contents of
the great intestines. Considering the structure
and functions of the valve of the ileum, it ap-
pears curious how an anti-peristaltic motion
could be so completely established as to permit
of actual I'ujcal vomiting, and the fact (if it is a
fact) cannot be explained except by supposing
the action of all the constituent structures of
the intestine so deranged that the influence of
the valve is altogether lost. Uut it is more
than doubtful whether this material is really

feculent, although it is difiicull fixim its sensible

qualities to consider it in any other point of
view; for 1 have frequently seen this vomiting
in cases where the hemis were formed of loops
of the lesser intestines, and therefore when the
contents of those beyond the iliac valve could
not have been thrown off; and in every case it

is difficult from the examination of the dis-
charge to determine its nature with accuracy.
After the stomach has been emptied of its

natural contents, the act of vomiting assumes a
very peculiar character : strictly speaking, it is

not vomiting or retching, nor is it hiccup, but
a slight convulsive eflbrt like a gulp, which
brings up without much effort the quantity of
a single mouthful at a time. The forehead is

now bedewed with a cold and clammy sweat

;

the countenance presents a remarkable expres-
sion of agony and anxiety ; and the pulse is

small, quick, hard, and vibrating, as is the case
in all internal inflammations of vital parts.

After some further time (and the period is

very variable) the characters of the disease
undergo a fearful alteration. Mortification
attacks the incarcerated viscus, and in most
inslances seems to bring the result of the case
to a very speedy issue. The tumour now loses
iU tense feel, and becomes soft, flabby, and
perhaps emphysematous : in some instances it

retires altogether. The belly also may become
soft, and m general there is a discharge per
anum of dark-coloured and abominably offen-
sive fa;ces. This evacuation leads the patient
into the encouragement of false hopes, for he
may have seen his sui-geon endeavouring to
procure stools during the progress of the case,
and combining this circumstance with the
removal of the pain and the comparative case
he so suddenly experiences, he fancies so favour-
able a change to be the harbinger of recovery.
Hut the delusion lasts not long. Tlie pulse
becomes low, weak, and (altering: often it

intermits irregularly. llie countenance is

sunken, and assumes an appearance that cannot
be described, but is known by medical prac-
titioners as the " facies Hippocratica." The eye
has a suflused and glassy look, and there is a
certain wildness of expression very character-
istic. The forehead is bedewed with a cold
and clammy sweat ; the extremities become
cold ; the scnsoiium is atlected with the low

muttering delirium, and death soon finishes the

picture.

These symptoms have been laid down as

indicative of mortification having taken place,

probably because the protruded viscus has

generally been found in that state ; and from
habit many practitioners have on tlieir appear-

ance in cases of purely idiopathic peritonitis

decided on the presence of gangrene, and the

hopelessness of recovery. Such cases are hope-
less, and patients have died, but not of mortifi-

cation, for although these symptoms are present

in most cases of fatal peritonitis, yet dissection

after death very rarely exhibits gangrene in that

disease, and perhaps for this reason, that the

functions of the abdominal viscera are too im-
portant to life for a patient to struggle suffici-

ently long with their inflammation to permit of

mortification being established. Whilst the

inflammation is very active, and the serous

membrane dry, or lymph only secreted on its

surface, then is the pain intense, and the first

order of symptoms developed : but when effu-

sion has taken place, and the vessels are relieved

by the pouring forth of serum or sero-purulent

fluid, the pain abates, and the symptoms are

those of extreme debility. In confirmation of

this remark it may be observed that, when a
patient dies from any sadden effusion into the

peritoneal cavity, whether from a ruptured

mtestine, or gall-bladder, or bloodvessel, or

from any other source, the symptoms from the

very commencement are those of debility and
collapse—the same sunken and anxious look,

the same feeble and fluttering pulse, and the

same kind of universal sinking of the entire

system.

However, although the symptoms may be
very formidable, the state of the patient is not

altogether hopeless. Art may still accomplish
a great deal, and even the operations of nature

alone and unassisted may succeed in prolonging

life, although under circumstances tliat render

life scarcely desirable. When the hernia has

proceeded to gangrene and the patient still

lives, the skin of the tumour assumes a very

dark red and livid colour, and then becomes
black in spots. The cuticle separates and peels

off in patches, and some one or other of the

sphacelated parts giving way, a profuse dis-

charge bursts forth, of a horribly offensive

nature. In the same way may the surgeon's

interference prove serviceable. It is related by
Petit, that travelling once, he met in llie out-

house of an inn an unfortunate being thrown
on a heap of straw in a comer to die. IJe im-

mediately recognized the smell of a gangrened

hernia, and proceeded to give the poor fellow

all the relief within his power, lie made an
incision, allowed the feculent matter toescajie,

cleared away the gangrenous and iiutrid

parts, and having ordered a poultice left him
to his fate. On his return he found him able

to move about and perform active service within

the stable, and even free from the disagreeable

accompaniment of an artificial anus at the

groin. This is a most gratifying piece of suc-

cessful surgery, but it is not one that is very

frequently reused. In order to the possibility
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of an artificial anus being formed, the patient

and tlie lienii.i must be plated under circum-
stances so very peculiar tliat it will be easily

perceived how unlikely it is that they should
be united and combined in one individual.

1

.

Although the protruded viscus has become
spliacelated, the inflammation within the ab-

domen must not have reached such a height as

to preclude the possibility of recovery.

2. Adhesions must be established between
the bowel and the peritoneum either at or im-
mediately above the neck of the sac, so that

when the stricture is free and the enormous
alvine accumulation allowed to escape, it will

be impossible for the gut to withdraw itself

within the cavity or be removed from the

external aperture.

And in order that the annoyance of the arti-

ficial anus should be subsequently removed, it

is necessary that the intestine and the perito-

neum to which it is adherent should retire into

the abdomen, and that the angle between the

two intestinal tubes should be diminished or

removed.
1. If the first of these conditions is indispen-

sable, it follows that the chance of recovery
with artificial anus is inversely as the acuteness

of the symptoms and the rapidity of their pro-

gress. As it is the inflammation of the intes-

tines that destroys the patient, it is pretty evi-

dent that after it has reached a given point, no
operation performed on the hernia and no
evacuation of the contents of the bowels can
arrest its progress, or cause the absorption of
the lymph, or of the sero-purulent fluid that

lias been effused into the peritoneal cavity. In
operating on the living subject within twenty-

three hours after the first appearance of the

hernia, I have found the intestine sphacelated :

in this case, when the stricture was divided, the

discharge from the intestines within the ab-
domen was trifling in quantity, and in order to

relieve the patient, I was obliged to introduce

a gum-elastic tube for a considerable way into

the superior fragment of the bowel. He died
on the subsequent day, and on examining the

body the front of the intestines seemed to be
one ma.ss of plastic lymph, which obliterated

eveiy appearance of convolution, and must have
glued together the bowels in such a manner as

to prevent the possibility of a peristaltic motion.

In a case so aggravated no hope could be enter-

tained from the establishment of an artificial

outlet. It can now be easily imai:ined how
persons of a very advanced age,* and in whom
the symptoms of strangulation are mild and
chronic, recover with artificial anus, in short

that such a consummation is most to be ex-

pected in the cases to which the name " incar-

cerated" has been applied, whereas in most
inslancesof " strangulated" hernia its occurrence

is unlikely, and in many altogether impossible.

2. Tlie second great requisite for the esta-

blishment of an artificial aims is, that adhesion

shall take place between the bowel and the

peritoneum, eitlier at or immediately above the

* See Louis* Momoir on hernia followed by gan-
grene. Mem. de I'Acad. Roy. v. 3,

neck of the sac, so that when the stricture is

free and the alvine discharges allowed to escape,
it will be impossible for the gut to withdraw
itself within the cavity, or be removed from the

external aperture. 'J'his adhesion has, I think,

been generally supposed to occur "during the

inflammation which precedes the gangrene,"*
but is nevertheless probably always not only
subsequent to it, but to the separation of the

unsound and sphacelated parts ; and the at-

tachment is, not between the contiguous and
opposing smooth surfaces of the serous mem-
brane, but between the divided edges of the

sound portions of the tube remaining after the

slough has been thrown oft', and the part of the

neck of the sac adjacent to them. I have ope-
rated on a great number of gangrened hernia;,

and never found such an adhesion to have pre-

viously existed, neither have I ever met with it

on dissection, and I cannot conceive the possi-

bility of a spontaneous return after sphacelus
(an event tiiat but too frequently occurs) if the

pans were thus attached together. Assuredly
if such adhesions were formed at so early a
peiiod, they ought to be much more frequently

found, and they would be amongst the most
calamitous complications that could attend a
hernia ; for they would oft'er an almost invinci-

ble obstacle to its reduction, or supposing the

bowel to have been pushed up by force, such a
sharp angular fold would be formed as must
prevent the passage of its contents and create

an internal strangulation. Nor is the consider-

ation of this fact practically unimportant, if it

leads us to adopt every possible precaution
that may conduce to the undisturbed progress
of this adhesive process, and at the same time
warns us not to be too sanguine in our expecta-
tions. I have (as I have said) operated on a
vast number of cases of gangrened hernia, not
one of which recovered with artificial anus:
some, the great majority, i)erished, as has been
remarked, in consequence of the inflammation
within the abdomen having reached an incurable
height ; some others sank exhausted and died,

the system being apparently worn out and
incapable of a recuperative effort: others still,

from a retraction of the divided end of the bowel
and the escape of its contents into the cavity;
and one, from a cause which, as it has not been
mentioned by any pathological writer, may be
noticed here. On the spontaneous separation
of the sphacelated bowel, a frightful and incon-
trollable hemorrhage took place, some of which
flowed into the peritoneal cavity, and was found
after death diffused through the convolutions of
the intestines.

When a case has been so fortunate as to

permit of the formation of an artificial anus,
after the mortified parts and putrid sloughs
have been removed a cavity is seen, genei-idly

irregular and puckered at its edge, leading

down to and communicating with the injured

• Scarpa on hernia, p. 323. See i^lso Travers on
wounded intestines. •' Dans Ics Iiernirs, ces adlie-
rences pra-edent la destruciion des parties, et clles

previciinent Ic plus souvent repanchement des
maiiercs dans Ic vrntre."

—

Dupuytrcn, Lefoas
Oralcs, torn. ii. p. 197.
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intestine, from wliicli llie fsecal discharge is

constantly trickling,and as there is often » suffi-

cient space for a portion of tliis to Iodide and
remain, it may prove a source of troublesome
and dangerous ulcerations. In a short time
the mucous membrane becomes everted and
protrudes, often, if neglected, to the extent of

several inches : it is a true prolapsus of the

membrane, not very unlike the prolapsus ani in

appearance. At the Iwltom of the cavity al-

ready mentioned, are the orifices of the intes-

tines, the superior of which is the larger, as it is

from it the discharge proceeds, whilst tlie

infermr is small and so contracted as frequently

to be discovered with difficulty. The partition

between the orifices is formed by the juxta-

position and adhesion of the sides of the intes-

tine : it is termed the " eperon" by Dupuytren,
and is larger and more obvious when a portion

of the bowel h;is been completely removed so

as to divide the tube into two jjarLs, smaller

when only a knuckle has been pinched up and
gangrened without engaging the entire circum-

ference. To this " eperon" and double partition

the mesentery is attached, and the functions of

this membranous ligament are said to exert a
very important influence on the progress and
after-consequences of artificial anus.

Not only is the superior poilion of the intes-

tine (that which is in relation with the stomach)

larger, but its extremity being fixed by the new
adhesions, the progress of its contents is greatly

facilitated, and according to Dupuytren actually

accelerated as to time. Tlie inferior or rectal

portion, not performing its functions, becomes
diminished in calibre, and contains a white,

pulpy, albuminous material, which is sometimes
discharged by stool, but may remain undccom-
posed within it for months or even years. The
contracted condition of this portion of the gut

is of the highest importance to be attended to

in all instances where a recovery is possible or

likely to be attempted. This disposition of all

hollow structures in the body to accommodate
themselves to the bulk or quantity of their con-

tents has been already noticed, and to obviate

the inconveniences likely to arise from such
diminution, the older surgeons* strongly recom-
mended the use of enemata, in order, amongst
other advantages, to preserve the intestine in a
sutticient state of distension.

The progress and termination of a case such
Bs has been under consideration may be ex-

tremely variable. The aperture may be situa-

ted in the lesser intestine so high up or so near

the stomach that the space to be traversed by
the aliments and their jwriotl of detention are

shortened : their digestion is then incomplete

and nutrition so far impaired that the patient

sinks gradually, and dies from the effects of

inanition ; or a permanent artificial anus may
be established without a hope or a chance of the
natural passage ever being restored ; and this

seemed at one time to have been the great

object of surgical practice in these cases, for we
find M. Litlre, a celebrated Trench surgeon,

actually tying up the lower portion of Uie gut

• See Louis' Memoir, loc. cilat.

when he could find it, as if to preclude for ever

a possibility of the continuity of the tube being

restored. This is a most deplorable condition,

yet have patients endured the annoyance of a

permanent discharge at the groin for a great

length of time ; and in the Museum of the

School in Park Street, there is a preparation

taken from a man who had thus existed for

upwards of ten years. There is a curious in-

stince mentioned by Louis in which something

resembling the regular action of a sphincter was
clearly observable, and although the discharge

of the faeces was involuntary, yet it was periodical,

and the gut once evacuated remained closed

until a new accumulation took place. This

person, of course, was comparatively free from

that constant trickling of feces which is the

patient's chief annoyance, and which, if not

palliated by some ingenious contrivance, abso-

lutely renders his life loathsome.

TTie natural passage of the fieces has been

restored. This is so desirable, so fortunate a

consummation, and its practicability so clearly

established by the circumstance of its being oc-

casionally accomplished solely by the operations

of nature, that it can be no matter of surprise

if surgeons have laboured to attain it and dili-

gently observed the entire process. An intes-

tine of which a portion has sloughed away is

placed in a very different condition from one
that has been simply wounded. When an en-

tire loop of bowel has been removed, the two
portions within the abdomen passing down to

the neck of the sac lie more or less parallel to

each other, or approach by a very acute angle :

tliey are in the same degree perpendicular to

the ring, and between them is that double parti-

tion termed "eperon" or buttress by Dupuy-
tren, and the " promontory" by Scarpa. Now as

the intestines are fixed and fastened in this posi-

tion, the canal can never again become conti-

nuous in directum, and therefore any material

that passes from the upper into the lower

portion must do so by going round this inter-

vening promontory. Kven when only a small

fold or knuckle has been lost, although the

complete continuity of the tube is not destroyed,

and the partition is less evident and prominent,

still an angle must inevit-ibly be formed of suffi-

cient acuteness materially to imjiede the pro-

gress of the fa;ces. In neither case, then, can

the wounded edge of one portion of the intes-

tine come to be applied to that of the other,

nor can adhesion or union by the first intention

ever be accomplished between them. In lieu

of this, however, the edges of the intestine be-

come united with the peritoneum opposed to

them, which must of necessity be the neck of

the sac, and then if the external wound can be

healed, a membranous pouch or bag is inter-

posed between them, of a funnel-shape, and
which serves as a medium of communication

and of conveyance for the ftecal matters from

one portion of the tube into the other.

Reflecting on tliis pathological condition of

parts, it will not be very difficult to explain some
of the varieties observed in cases of artificial anus.

The chief obstruction to the re-establishment of

the canal is the intervention of the promontory.



750 HERNIA.

If it is so large or otlierwise so circumstanced

as entirely to impede communication, and if

in this condition it is neglected, the discharge

must tal<e place at the groin, and the disease is

permanent. Such, I beheve, is the history of

most of those unhappy beings wlio liave borne
about them for years tliis loathsome and dis-

gusting affliction, until relieved by a death tliat

could not have proved unwelcome. In a vast

number of cases the projection is not so great,

and although it may impede and delay, it does
not altogether prevent the passage of faeces

from one portion of the tube to the other:

then as the external wound contracts, the neck
of the sac forms into a membranous funnel or

canal of communication, and tlie faces begin

to pass. The wound then heals, in some in-

stances leaving a small fistulous opening
through which a limpid, straw-coloured, but
fetid fluid constantly distils, whilst in others a
perfect and complete cicatrix is formed. But
we must recollect what happens in this seem-
ingly perfect cure before we can fully appreci-

ate the entire nature of the case, and the degree
of danger that always overhangs it. It is

evident that the viscus must (at least at first)

be firmly fixed at the situation of the cicatrix
;

that it no longer enjoys any freedom of motion,

and that it forms an angle more or less acute at

the place of adhesion. It is also probable that

the diameters of the two portions of intestine do
not correspond. Hence the process of diges-

tion is impaired, the patient must study every
article of food he consumes, and the slightest

indiscretion is followed by colicky pains, flatu-

lence, and tormina of the bowels; often there is

nausea, vomiting, loss of appetite, and a drag-

ging sensation at the stomach, this latter symp-
tom being explained by the omentum having
formed a part of the protrusion, and become ad-
lierent at the new-fonned cicatrix. It often

hapjjens that the scar gives way, and a fa-cal

discharge takes place again, the groin thus

alternately healing up and bursting out anew.
This is more likely to occur in cases where the

very small fistulous canal has remained, and
therefore many surgeons have regarded this

event as more fortunate than where the cica-

trization has been complete ; for the course of

the fistula serves as a guide to direct the burst-

ing of the accumulation externally, whereas if,

as sometimes happens, the intestine should give

way internally, its contents are then poured
out into tlie peritoneal cavity, and the result

must be inevitably fatal.

The most curious circumstance connected

widi the healing of an artificial anus is, that

the position of the united intestines and the

intervening infundibulum or funnel behind the

cicatrix is not permanent. " It is," says Scarpa,*
" a certain fact confirmed by a very great num-
ber of observations, that after the separation of
the gangrene the two sound segments of intes-

tine retire gradually beyond tlie ring towards
the cavity of the abdomen, notwithstanding the

adhesion which they have contractedwith the neck
of the sac, whether this is caused by the tonic

Scarpa, op. citat. p. 313.

and retractile action of the intestine itself and
of the mesentery, or ratlier by the puckering of
the cellular substance, which unites the hernial

sac to the abdominal parietes witliin the ring.

And this phenomenon is likewise constant and
evident even in herniae not gangrenous, but
merely complicated with flesliy adhesions to

the neck of the sac, and therefore irreducible.

In the.se hernias, the immediate cause of stran-

gulation being removed, the intestine, together

with the hernial sac, gradually rises up towards

the ring, and at last is concealed behind it."

The same fact has been observed by Dupuy-
tren,* who attributed it to the continued action

of the mesentery on the intestine. Many indi-

viduals who had been cured of artificial anus
without operation returned to the Hotel Dieu
at very remote periods, and died of diseases

having no relation to the original complaint.

The parts were curiously and carefully examined,
and the intestine, instead of being fixed to the

walls of the belly, was found free and floating

within the cavity. Tliere could be no doubt
of the identity of the individuals, and moreover
a fibrous cord was seen extended from the point

of the wall of the abdomen which corresponded

with the former artificial anus, to the intestine.

This cord, some lines in diameter and some
inclies in length, thicker at its extremities than

in tlie middle, covered by peritoneum, and
formed entirely by a cellular and fibrous tissue

without any cavity, was evidently produced
by the progressive elongation of the cellular

membrane that had united die intestine to the

wall of the abdomen ; and the cause which
had occasioned this elongation was nothing

else than the traction exercised by the mesentery

on the intestine in the different motions of the

body during life.

Having now endeavoured to describe gene-

rally the circumstances or conditions under
which protrusions of the abdominal viscera may
exist, I proceed to consider the peculiarities

that arise from situation, premising that it is

not my intention to enter very minutely into

the descriptive anatomy of those several situa-

tions in their normal or healthy states, but only
in reference to and in connexion with the ex-

istence of the disease under consideration.

Inguinal hernia.—When a viscus is pro-

truded through one or both of the apertures

termed rings, situated at the anterior and infe-

rior part of tlie abdomen, near the fold of the

groin, but above Pouparl's ligament, the hernia

is termed inguinal. It may exist, therefore, in

three dilTerent conditions. 1. Where the in-

testine has been pushed Uirough the internal

ring only, and is lodged in the inguinal canal

:

it then appears as a small, round, firm, and
moderately elastic tumour. 2. Where it has

passed through the internal ring, through the

inguinal canal, through the external ring, and
dropping down into the scrotum of the male or

the labium pudendi of the female, appears as a
larger and more yielding tumour, of a pyrami-

dal shape, the apex of the pyramid being di-

rected towards the anterior superior spinous

' Le9ons Orales, torn. ii. p. 207.



HERNIA. 751

process of the ilium. As these are but different

stages of the same disease, both come under the
apjicllation of hernia by the oblique descent.
Hut, 3, when tlie viscus has been forced
tlirough the parietes immediately behind the
external ring, and i>asses out through that natural
aperture only, it is then for obvious reasons
termed tlie hernia by direct descent; and
although the external characters of the tumour
are not always such as to point out the peculiar
nature of this protrusion, yet the relative posi-
tion of the intestine with respect to adjacent
parts must be somewhat different in these seve-
ral cases, a dift'erence that will be found to be
of some practical importance.

The peritoneal sac, as viewed internally in
the direction of the iliac and inguinal regions,
is described by Scarpa as being divided into

two great depressions at each side, tlie medium
of partition being the ligament into which the
umbilical artery of the foetus had degenerated,
together with the fold of peritoneum raised by
that ligament. Of these fossae the superior or
external is the larger and deeper; it is that
within which the intestines are collected when
strongly compressed by the abdominal muscles
and by the diaphragm in any violent exertion

;

and from it inguinal hernia is most frequently
protruded, as the ligament and duplicature of
the peritoneum prevent the compressed viscera
lodged in this fossa from removing out of it to

descend into the jwlvis. The situation of the
umbilical artery varies considerably : some-
limes it is close upon the internal border of the
internal ring, in other subjects at the distance
of half an inch from it, or even more ; but it is

always at the pubic side of the epigastric ves-
sels, llms, in its direction upwards and in-
wards towards the umbilicus it crosses ob-
liquely behind the inguinal canal : all hemis,
therefore, by tlie oblique descent pass out from
the external or superior abdominal fossa, while
those by the direct are in relation to and are
protruded from the inferior or internal. Inde-
pendent of this configuration there is nothing
m the peritoneal cavity as viewed from within,
to determine the occurrence of hernia at one
place rather than at another. The membrane
is in all i)arts equally smooth and polished,
equally strong,* tense, and resisting. Tliis,

however, is not the case with respect to the
muscular and tendinous walls of the abdomen,
which vary very considerably in density and
strength in diHerent situations, and in these
qualities dissection shews that the hy|K)gastric
or inguinal regions are the most deficient and
therefore most disposed to permit of the occur-
rence of hernia.

In prosecuting the dissection from within
(which is by far the most satisfactory manner),
the peritoneum may be detached by the fingers
or by the handle of the knife in consequence of
the laxity of the cellular tissue connecting it to

• The strength of the peritoneum is proved bv a
curious experiment of Scarpa's. He stretched a
large circle of this membrane recently taken from
the dead body, on a hoop like a drum, and found
it capable of supporting a weight of fifteen pounds
without being ruptured.

the adjacent external structures. The fesria

traiisversalis then comes into view, and in it the

aperture termed the internal ring, through

which the spermatic cord in the male, and the

round ligament in the female are transmitted.

This aponeurosis varies in density and thick-

ness in different individuals : it is continuous

with the fascia iliaca, and is connected with

the posterior edge of Poupart's ligament : it is

denser and stronger externally, and becomes
weaker and more cellular as it approaches the

mesial line. Where the internal oblique is

muscular, the connexion between it and the

&scia transversalis is extremely lax, cellular, and
easily separable ; but after it becomes tendi-

nous, the union is much more intimate, and the

fibres of the one can scarcely be distinguished

from those of the other unless by the difl'eience

of their direction. In most subjects the internal

ring is very indistinct, its size, shape, and direc-

tion being in general determined rather by the

knife of the anatomist than by nature. So fiir

as the fascia is concerned, the external inferior

border of the ring is its strongest part, but its

internal edge seems to be the stronger as it is

supported by the epigastric vessels, and some-
times by the remnant of the umbilical artery.

Its size is about an inch in length, half an inch

in breadth ; its shape oval ; and the direction

of its longest diameter perpendicular or slightly

inclining from above downwards and outwards.

The position of the epigastric artery with re-

spect to tlie neck of the sac at once points out
whether a hernia is by the direct descent or not,

for it marks the internal or pubic boundary of
the internal ring. Ttiis vessel is occasionally

irregular in its origin, but in its normal or usual

state it comes oB'from the external iliac before it

has reached Poupart's ligament, and conse-

quently in that position it lies behind the bag
of the peritoneum, which it passes by forming

an arch, the concavity of which is directed up-
wards. It then appears in front, between the

fascia transversalis and the peritoneum, but

more closely attached to the former, with which
it remains when the membrane is torn away.

The vas deferens is seen coming from the pel-

vis obliquely upwards and outwards until it

reaches the spermatic artery, which, having de-

scended from above, nearly in a perpendicular

direction, meets the vas deferens at latlier an
acute angle, the former being to the outside and
nearly in front of the latter. These vessels

having passed the fascia transversalis disappear

by arching round the epigastric arteiy and en-

tering the inguinal canal, and they define the

inferior margin of the internal ring. The re-

mainder of its border is not so very distinctly

marked, partly in consequence of a veiy deli-

cate fascia which is given off from it and passes

down a short way on the spermatic cord, where
it becomes indistinct and is lost; and partly

because the transversalis muscle lying before it

renders the view obscure. The intenial border

of the internal ring is always (as stated by Sir

A. Cooper) midway between the anterior

superior spinous process of the ilium and the

symphysis pubis.

W hen a protruded viscus, then, is passing
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tlirougli this ring, it lias the epigastric artery to

its internal or pubic side, and generally the

vessels of the cord behind it ; but a variety

sometimes occurs, for the hernia may protrude

exactly at the spot where the spermatic artery

and vas deferens meet each other at an angle,

and separate these vessels from each other,

leaving the artery rather to the outside and in

front, the vas deferens still occupying its usual

situation behind. After the hernia has i^assed

the fascia transversalis, it is still behind the

fibres of the internal oblique and transversalis

muscles, and has to pass a few lines (the dis-

tance varying in difl'erent subjects) before it

reaches the posterior surface of the tendon of

the external oblique. On prosecuting this dis-

section further by detaching the fascia trans-

versalis from the transversalis muscle in a di-

rection downwards and outwards, the intestine

will be found to have entered a canal of an inch

and a quarter to an inch and a half in length,

its direction being obliquely downwards and
inwards to the external ring. This is termed
the inguinal canal, and is thus formed. Pou-
part's ligament, whether it be considered as a

jjortion of the tendon of the external oblique or

not, is powerfully strong and thick : to it the

fascia transversalis is firmly adherent behind,

and the thinner and more expanded fibres of

the tendon of the external oblique before.

Between these, then, a sheath is formed in

which the hernia is lodged, having in front tlie

tendon of the external oblique, and also covered

by the ciemaster muscle, particularly that part

of it which has its origin from Poupart's liga-

ment. Behind it is the fascia transversalis,

and more internally or nearer the pubis the

conjoined tendon of the internal oblique and
transversalis, and below is i'oupart's ligament.

Above, it is crossed obliquely by the inferior

margin of the internal oblique and transversalis.

These muscles have a Heshy origin from the ex-

ternal third of Poupart's ligament, from which
they pass in an arched form to be inserted by
a common tendon into the crest of the pubis.

Under this arch the viscus slips and thus |)lace3

itself anterior to the conjoined tendon before

passing through the external ring and becoming
a scrotal hernia.

Anatomists have not agreed in their descrip-

tions of the internal oblique muscle, although

a correct and accurate knowledge of the situa-

tion of it and of the transversalis in the neigh-

bourhood of the rings is indispensable to the

right understanding of hernia. According to Sir

A. Cooper* and Lawrence,t the upper part

only of the internal ring is shut up by these

muscles, leaving the lower unprotected, and con-

sequently, according to this view of the subject,

a hernia on entering the inguinul canal should
have them above it. CloquetJ stales that the

inferior border of the transversalis passes on a

level with the superior, opening internally, but

the edge of the internal oblique is lower down,

covers the spermatic cord in the inguinal canal,

and passes over it to be inserted into the pubis

at the point v\here it escapes fmni the inferior

opening of the canal, that is, the external ring.

Scarpa* gives a ditfercnt descrijition still, where

he says, " towards the side at about eight lines

distance from the apex of the ring, the lower

muscular fibres of the internal oblique muscle

separate from each other to allow the sjier-

matic cord to pass between them ;" and

Guthrief considers the occasional passage of a

hernia through the fibres of this muscle, and its

compression by them, to be no unfiequent cause

of strangulation. It is not easy to reconcile

these conflicting authorities, which in them-

selves demonstrate the fact that the inferior

border of this muscle exhibits some varieties in

its relation to the inguinal canal and internal

ring according to the extent of its origin from

Poupart's ligament. When a hernia is present,

I have always seen it arched over the neck of

the sac, and although I would by no means
assert that a rupture never takes its course

between these muscular fibres, yet I have not

met with an instance, and as I have observed

elsewhere, I imagine such an occurrence would
create a fleviation from the usual relative

anatomy of the cremaster muscle with respect

to the hernial sac.—See Abdomen.
The inguinal canal terminates in front at the

external ring, which is formed by a separation

of the fibres of the external oblique muscle as

it passes inwards and downwards to be inserted

into the pubis. Almost immediately after the

muscle has become tendinous, a disposition to

this separation is observable, and a kind of split

is formed in the tendon, the edges of which
are, however, pretty firmly held in their re-

lative positions by fibres passing closely and
irregularly across from one to the other. These
fibres have been called the intercolumnar fascia.

Besides these there is a very remarkable ar-

rangement of tendinous fibres seeming to arise

from Poupart's ligament, and thence radiating

in an arched form (the convexity of the arch
looking towards the pubis) to form a strong in-

terlacement with the fibres of the external

oblique.| Independent of these adventitious

bands the tendon itself, as it aiiproaches the crural

arch and the pubis, seems to become thicker

and stronger ; and (as has been remarked by
Scarpa) in the dead body after the integuments
are removed and the parts left, for some time
exposed, the lower portion of the aponeurosis
a|)pears opaque and dense, while the part above
the umbilicus preserves iis transparency, and
allows the fleshy fibres of the subjacent muscle
to be seen through it. The separation above
alluded to being effected, the tendon is divided

into two portions, termed the pillars of the

ring : the anterior or internal is broader and
flatter, and runs to be inserted into the pubis of
the opposite side, and the ligamentous sulj-

stance that covers the front of this bone. The

" Page 6.

t Lawrence on Ruptures, p. !62.

t Anatomy of Hernia, by Jules Cloquct, trans-

lated by M'Whinnic, p. 6.

• Page 25.

t Anaiomy of Hernia.

t Sometimes termed Camper's fascia, from its

being so admirably delineated in the '* Iconcs,"
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inferior or external is rounder and more firm,

and atlaclied to the external ])art of tlie crest or
tuberosity of the pubis. A triangular aperture
is thus formed of about an inch or an inch and
a quarter in length, the base of which, nearly
half an inch across, is situated at the pubis, from
which it tapers gradually oft' in a direction

upwards and outwards. For a neat deiiKinstra-

tion of this aperture we must also be largely

indebted to the knife of the anatomist, its

edges being obscured by a fascia* which comes
oft' from them, and passing down on the cord
is generally of sudicient density to admit of
being traced as far as the tunica vaginalis testis.

This ring is never well de\elo|jed in the female,
it then being smaller, rather of an oval figure,

and from its deficiency of size appearing to be
nearer the pubis tlian in the male: even in

subjects of the latter sex the size of this open-
ing exhibits considerable variety. When a
hernia has descended through it, the shape and
direction of the exlernul ring are altered : tlie

inferior pillar is still more flattened and runs
iu a more horizontal direction ; tlie superior is

banded in an arched form rather tightly above
it ; the shape of the entire ring is rendered more
oval and its direction more horizonUil ; but still

its relative ])Osition with respect to the bone is

so far preserved that no hernia can pass, with-
out its internal edge resting on this bone.

In dissecting a hcniia of this description

from williout, after removing the skin and
cellular tissue more or less loaded with fat, the
fascia superficialis is exposed. This is a tegu-
ment investing most parts of the body, though
fer more dense in some situations than in

others, and is situated beneath the subcuta-
neous fat, with which it is sometimes so much
identified as to tender its demonstration diffi-

<cult. At the groin it is usually well developed,
and is described as consisting of two distinct

kmina;, but may (by such as are curious in

these dissections) by care be separated into

many more.f The superficial layer is very
lax, passes over and has no connexion with
Poupart's ligament, and is very generally re-

moved along with the skin and fat by the in-

ex])erienced dissector. Its removal exposes
some of the glands of the groin. The deep
liwer is more membranous, and possesses more
of the determined character of a fitscia. It
adheres intimately to the muscular fibres of llie

external oblique, passes thence inwards over
the tendon, to which it cannot be said to be
attached, as the connecting cellular tissue is

extremely loose, and meets its fellow of the
opposite side at the linea alba, to which both
are attached. It has an insertion into the
pubis, and its adhesion to Poupart's ligament
is in many resjiects e.xiremely intimate. Pass-

• Thi« also has been called ao iiit«rcohiinnar
fa»cia, and a spout-like fascia, &c. It is to be re-
gretted that such a confusion of nomenclature ob-
tains in the description of these parts,— a confusion
always embarrassing to the student, and rendering
the subject uselessly perplexing and difficult.

t Velpeau describes three distinct layers. Ana-
tomie des Begiuns, torn. U. p. 70.
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ing down in front of the thigh, it covers* several

of the lymphatic glands, or in many instances

leaves small apertures or deficiencies in which
glands are lodged : it then reaches the opening
in the fascia lata for the transmission of the

saphena vein, to ihe edge of which it adheres

more or less closely, and afterwards descends
upon the thigh, having this vein interposed

between it and the fascia lata. At the external

abdominal ring th« fascia superficialis sends
down a sheath-like process, investing the cord

and descending down over ttie tunica vaginalis

and the testitHe : it must, therefore, under any
circumstances give a covering to the hernial

sac. On the removal of this, tl»e fitscia that

comes from the edges of the pillars of the ring

is observed, and this is generally much thicker

and firmer than in the normal condition of the

parts. When so thickened, it also admits of
subdivision into several laminre. Immediately
underneath is the cremaster muscle, its fibres

sjiread out and separated so as to resemble a
fascia, though in some instances the contrary may
be observed, and they are seen gathered into

bundles and greatly thickened. Still deeper
are three other layers of fascia, perhaps derived

from that which comes firom the edges of the

internal ring, and finally the hernial sac ii

exposed.

In herniae of moderate size, the spermatic

artery, veins, and the vas deferens are usually

found in one cord and enclosed in one comrooo
sheath lying behind the sac : some exceptions,

however, to this rule are observed, one of which,

wherein the bloodvessels are situated on its

anterior and external surface, and the vas defe-

rens posteriorly and internally, has been already

noticed and explained. But tliere is another
deviation that seems to be oecasiotted by the

growth of the hernia, and the compression exer-

cised by it on the cellular substance connecting
the constituent parts of the cord togetlier. It

can therefore only be met with in large and old
ruptures. Thus, as the tumour increases, it

causes this cellular tissue to be stretched just

as if the vas tieferens and the artery were pulled

asunder in different directions, whilst the sac

insinuates itself between theni, until finally the

vessels come to lie on one side of the hernia, or

it may be to occupy its anterior surface. The
greatest divarication of these vessels exists, as

might a priori be expected, towards the lower

part of the tumour; it is less towards the

middle, and scarcely if at all above, and in the

vicinity of the neck of tlie sac. A knowledge
of this fact may teach us to beware how we
prolong an incision very far down in operating

on large and old hernia;.

Perhaps the next point of practical import-

ance to consider is, wliether, with all this ana-

tomical and pathological information, it might
nevertheless be possible to mistake this disease

and confound it \ri\h any other affection. The

* The ini^uinal glands are generally desciibed as
lying between the layers of the super6cial fascia.

On dissection, this has not appeared to me to b«
the case.

3 o
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h riiia just (lesciibetl may exist in two different

conditions ; one, in which it is still lodged within

the injjumal caii:d, and appears ni the form of a

tumour in tlie upper pail of the groin, termed

buhi.nocele; the other, in wliich it lias escaped

through the external ring, and having dropped
down constitutes scrotal hernia.

When the rupture has descended no farther

than the groin, there arc but two affections that

can bear any resemblance to it : these are, the

testis itself whilst in the act of descending, if

this process has been delayed beyond the usual

periotl of life, and an enlarged inguinal gland.

However possible in cases of crural hernia (as

shall be noticed hereafter), a mistake of the

latter description is not likely to occur in the

disease under consideration, but there is an ob-

servation of Mr. CoUes on this subject de-

serving of attention. " I do not suppose,"

says this distinguished professor, " that any
surgeon of competent anatomical knowledge
could mistake it for indammalion of those

lymphatic glands which l.e in t'le fold of the

groin, but an enlargement, whether from a

venereal or any other cause, of two lymphatic
glands which lie on the side of the abdomen, as

high up but rather more internally than the in-

ternal abdominal ring; an enlargement of these

glands will produce appearances resembling

those of inguinal hernia."*

It seems almost surprising how the descent

of the testicle could jxissibly be mistaken for

a hernia when the mere examination of the

scrotum would throw such an explanatory light

upon the subject, but a consideration of the

followingcircumstances will be useful in solving

the dithculty. 1st, The detention of the tes-

ticle within the abdomen until an unusually

late period is by no means so infrequent an oc-

currence as is generally supposed even by sur-

geons in considerable practice : 1 have heard a

military medical officer observe on the great

number of young men that had passed before

him for inspection after enlistment, in whom one
and sometimes both the testes had not de-
scended. 2d, The symptoms of both affections

bear a general though not necessarily a close

resemblance ; for the situation of the tumour
is exactly the same, and if the testicle is com-
pressed and inflamed, the pain and tenderness

and the inflammatory fever are to a certain ex-

tent li'-e the symptoms of strangulation. liut

1 have not met the same costiveness, at least

the same obstinate resistance of the bowels to

the operation of aperient medicines, nor the

same vomiting, nor the same exquisite tender-

ness spreading over the abdomen, and the pulse
is not that small, thready, hard, and rapid vi-

bration that IS produced liy peritoneal inflam-

mation. \n one case I perceived that pressure

on the tumour occasioned that sickening pain
and sensation of faintness which a slight injury

of the testicle so often produces; and I imagine
that in this ease a light and very gentle per-

cussion might prove a useful auxiliary dia-

gnostic. But, 3rd, it does not always happen

* CoUes's Surgical Anaiomy, p. 46,

that the surgeon takes sufficient pains to inves-

tigate the diseiuse before him. " He is apt,"

saj s Mr. C'oUes,* " at once to set dow n the case

as incarcerated heniia, a complaint with which

he is familiar, and does not suspect the exist-

ence of a disease which is to him perhaps ex-

tremely rare. Hoys sometimes indulge in the

trick of forcing up the testicles into the ab-

domen, which may be followed by unhappy
consequences, for the gland may not descend

again, or if it does, perhaps a portion of in-

testine slips down along with and behind it,

which may then become stningulated, while its

presence is unsuspected and the symptoms
attributed to compression of the testis." A boy,

about seven years of age, had forced the left

testicle into the abdomen : ten years afterwards,

the inguinal ring having probably become un-

usually contracted, the testicle passed under the

femoral arch with all the symptoms of stran-

gulated hernia, on account of which he was
obliged to undergo the operatioii.+

W hen the hernia has become scrotal, it then

comes more to resemble diseases of the testis

and of the cord, but in general these are very

easily distinguished, and there are only three

that could lead a practitioner into error, and

then only through unpardonable carelessne.ss

;

the hydrocele of the tunica vaginalis testis,

the hydrocele of the spermatic cord, and the

varicocele or a varicose condition of the veins

of the cord.

There is not much likelihood that hydrocele

of the tunica vaginalis could, in its earlier

stages, be mistaken for hernia: it commences
below and increases in an upward direction,

while a hernia proceeds from above downwards;

and at first in cases of hydrocele, the ring, the

cord, and all thess i)arts can be accurately felt.

As the disease proceeds and the water reaches

the ring, a diagnosis is not so easy; still in

almost every case of rupture the testis and the

cord, |)articularly the former, can be easily felt

lying behind and at the bottom of the tumour,

which is not the case in hydrocele. Besides,

hydrocele is lighter as to weight; it gives a
sensation of fluctuation to the touch ; it never

exhibits that soft doughy character that belongs

to omental hernia: moreover it is diaphanous,

and the light of a candle can be seen through

it, if the tumour is examined in a darkened

room.

A collection of water within the sheath of

the cord must, I should think, be rather an
infrequent occurrence ; at least it has not

fallen to my lot to meet with many examples

of it. Still the practitioner must be aware of

the possibility of the disease, and that both

from the nature of the accident that occasions

it, and many of the accompanying syniptoms, it

may very readily be mistaken for hernia. A
young man fell with his groin against the edge

of a tub, and in an incredibly short space of

time afterwards a colourless elastic tumour

appeared in the usual situation of hernia.

• CoIIps, op. citiit.

t .Scarpa, op. citat. p. 2-J5.
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lie was adinilteii into llic Mcalli Ilospilal

under the rare of tlie late Mr. llewson, and
though some years have now elapsed I can
well recollect the variety of opinions pronounced
upon it. It could be partially puslied up, but
re-appeare<l instantly on the pressure bein^ re-

moved : it was slightly influenced by coughini;,

and it was extremely tender to the touch. As
the patient was not confined in the bowels, and
in fact there was no urgency of symptom, no
active treatment was adopteil, and the tumour
gradually disappeare<l. It had probably been
an eflusion of fluid into the sheath of the cord.
The manner in which these diseases are said to

be capable of discrimination is as follows. I^t
the tumour be pushed up if possible, and the
finger of the operator still be pressed against

the ring: if it is a hernia, such pressure will be
sufficient to prevent a re-descent ; but if it is

only a fluid, it will insinuate itself by the side

of the finger and the tumour shortly re-appear.

Scarpa* denies the sufficiency of this test in

cases of omental hernia of small size, when
situated so high up as to occupy and dilate the

inguinal ring, and asserts that he had repeatedly
observed omental inguinal hernia of a cylin-

drical form, which, when scarcely returned, re-

ajjpeared again as before without the patient

having changed his jwsture or made the slight-

est exertion ; and in like manner hydroceles of
the spermatic cord, which, when pushed beyond
the ring, remained there as long as the jiatient

kept himself in the supine posture without
making an exertion. He seems to rely more
on the difference of consistence and regularity

of surface in the two tumours, and on the cir-

cumstance of the hydrocele being always broader
inferiorly, contrary to what is observed in

omental hernia.

A varicose enlargement of the spermatic vein

is not easily confounded with hernia, unless it

lias increased to such a she as nearly to occu))y

that side of the scrotuin : it is longer in pro-

portion to tl)e diameter of the tumour than
hernia usually is, and its surface is hard, knotty,

and uneven.t These circumstances, however,
are not sufficient to remove all obscurity, and a
farther investigation must be made by placing
the patient in the horizontal position and endea-
vouring to empty the vessel ; then let him
stand up whilst firm and accurate pressure is

maintained upon the ring. If it is a hernia,

the tumour will not re-appear; but if varicocele,

it will return as speeddy or perhaps more .so

than if no pressure had been made. Mr.
CoUesJ mention.s that a varicose state of the

cord may be combined with hernia, throwing
great obscurity on the nature of die disease,

and for obvious reasons increasing the diffi-

culty of its management.
Inguinal hernia by direct descent.—I now

proceed to offer a ftw remaiks on the other

form of inguinal hernia,— Ui.it by direct descent,*

which occurs when, instead of pjutsing through
the canal, the protruded vi.seus is pushed out
immediately behind the situation of the ex-
ternal ring, through which it |)asses directly.

The inferior pu-t of the inguinal canal is the

weakest of all the parietes of the abdomen.
Externally, independent of the external oblique

muscle, it is protected as far a.s the external

third or half of Poupart's ligament by the

fleshy fibres of the internal oblique and trans,

versalis muscles, and by the fascia transversalis,

which is dense and strong in this situation, but
becomes gradually weaker internally, and is

nearly lost before it reaches the mesial line.

More internally it is supporte<i by the conjoined
tendon of these muscles, but as it arches over
the si)ermatic cord that portion of the peri-

toneai cavity which corres])onds with the inferior

and posterior part of the inguinal canal must
de[)end on the fascia transversalis alone, now
becoming weaker and less capable of resist-

ance. More internally still, and immediately
behind the external ring, this region is best

supported, and there are many natural obstacles

to the production of hernia in this situation,

Besides the fascia; already mentioned as tending
to prevent the separation of one pillar of the
ring from the other, and thereby ofler an ob.
stacle to die passage of any viscus through it,

there is anotherf of a triangular shape arising

by a pretty broad b.-ise from the crest of the
pubis, and inserted into the lineaalba for about
an inch or an inch and a quarter. It lies

behind the tendon of the external oblique, and
before that of the internal oblique and trans,

versalis, which latter it strengthens materially,

and its external edge contributes to close up a
part of the external ring. The edge of tha

rectus muscle extends itself laterally sufficiently

far to occupy one-half or one-third of the space
behind the external ring, and moreover here tho

conjoined tendon is particularly strong. Not-
withstanding these supports, this part is weak

;

and yet when a hernia occurs here, it is not in

consequence of yielding or stretching, but be-
cause the conjoined tendon actually undergoes
laceration.

The causes of this hernia are said to be three-

fold -.1 an unnatural weakness of the conjoined
tendon ; its absence altogether in consequence
of malformation ; and its being ruptured by
direct violence. Of these, the second is not
likely to occur, and an example of it had not
been met with by Sir A. Cooper at the time of

the publication of his work : the other two in

effect amount nearly to the same thing, or at

least stand towards each other in the relation of
a predisposing to an immediately exciting

cause.

• Op. citat. p. 98.

+ 'f'iicac symptoms arc not certainly characte-
ristic of varicocele. There is a preparation in the
Museum of Park Street taken from a man who
exhibited them all duriug life. Hi$dise:L«e was an
enlarged, knotted, and conlorlcd condition of the
vessels of tlie cord.

} Op. ciiut.

' The internal inguinal hernia of Hasselbach,
Jules Cloquel, and Velpeau : hernia on the inner
side of the epigasliic artery of Sir A. Cooper, and
a combination of ventral and inguinal Iieruia ac-

cording to Scarpa.

t This is frequently termed CoIIos's fascia, having
been lirst accurately described by tlial writer.

; Cooper, p, 'Jl

.
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'fhe hernia by direct descent is distinguished

from the oblique, 1st, by the appearance of the

groin, the apex of the tumour bring at the

situation of the external ring, and tliere being

no enlargement whatever in the direction of the

inguinal canal ; this diagnodlic, however, has

been found fallacious, for in old oblique hernia

the internal ring is dragged down and made to

approach the external so as to appear to form
one continuous opening. Nor is it easy to

point out the difference even in dissection ex-

cept by the position of the epigastric arteiy,

which in case of oblique descent always lies to

the pubic side of the neck of the sac. The
neck in some of these cases appears to be
arched over and strongly constricted by the

superior |>ortion of the ruptured conjoined

tendon, which in these cases is more than

usually developed, and (as it were) in a state of

hypertroijhy. It was probably this appearance
th:it led to a belief that strangulation was occa-

sionally ])roduced by the action of these mus-
cles, 'iiid, liy the relative position of the

tumour with respect to the different structures

composing the cord. The cremaster muscle in

any hernia cannot be felt, but it occupies nearly

its usual position in this, being spread out like

a fascia in front of it, but rather towards its

outside. The spermatic cord properly so called

passes on its externa! rather than on its \ms-

terior side; and although all its constituent

vessels may be separated in this as in any other

species of large and old hernise, yet generally

there is less divarication in this, and the parts

lie together more compactly. 3rd, " This
tumour differs from the common bubonocele in

being situated nearer the ])enis."* This is cer-

tainly true when it is only bubonocele ; but
when it has descended into the scrotum, the

same difficulty that has been noticed as apper-
taining to old ruptures must also obtain here.

In applying this diagnostic the student must
recollect that the internal edges of both hernia;

are equally near to the pubis : it is by looking

to the external border of the neck of the tumour
tliat he can render the test available. Scarpa f
states that this hernia is returned without being

attended by the gurgling sound : this, however,
is an observation perfectly new to me, and
which I can by no means verify. Lastly, these

herniae appear more suddenly and attain a larger

size more rapidly: frequently theyappearas scrotal

ruptures almost from the earliest period. Tins,

however, is still an uncertain criterion, and in-

deed with the assistance of all these circum-

stances it is always so dithcult and frequently

so utterly impossible to establish a diagnosis,

that no operation should be undertaken under
tlie conviction of the disease being certainly of
one form or of the other.

This rupture should present to the anatomist

the same number of layers of fascia as that by
the oblique descent, the fascia transver.salis sup-
plying the place of that given off' from the edges

of the internal ring; J but the young surgeon

• Cooper.

t Scarp.1, op. citat. p. 84.

} 'I'lic inu>ni.il spoiu-likc fascia.

should be cautioned not to expect the same
facilities of demonstration in the living subject

that he possesses in the dead. In the former,

the operator often meets with layer after layer

of fascia, numerous beyond his expectation, and

to which he can give no name ; and it is no un-

common circumstance for him to operate on

and return a rupture without being able to say

of what nature it was—nay, even as to its being

inguinal or crural.

Crural or i-emorai, uernia takes place

at the su))erior and intei nal ))ait of the thigh,

below the fold of the groin ; the intestine pass-

ing out of the abdomen behind Poupart's liga-

ment, between it and the transverse ramus of

the pubis, through an aperture that has been

termed the crural or femoral ring. A know-
ledge of the constitution, size, and boundaries

of this ring must be of the last importance to

the practical surgeon, and accordingly no part

of the body has been examined with more

minute attention
; yet if by these labours ana-

tomy has gained in accuracy of information and

very diffuse description, still the student is not

much the better for it, inasmuch as almost

every anatomist has adopted views peculiar to

himself, and thus in the details a degree of con-

fusion has been produced that is extremely em-
barrassing to the beginner. I shall, therefore,

avail myself as little as possible of authorities,

and endeavour to describe these parts as they

appear upon dissection, coiumencing from

within, which is perhaps the best mode of

studying the anatomy of every species of

hernia.

The distance between the anterior sujwrior

spinous process of the ileum and t!ie angle of

the crest of the pubis is in the well-formed

female about five and a half inches in length,

along which space Poupart's ligament is

stretched like a bow-strhig from point to point.

The distance from the ligament thus extended,

backwards to the edges of the ileum and pubis

forming the border of the pelvis, varies accord-

ing to the elevations and depressions of these

bones ; but the entire forms a very considerable

space, which is, however, in general so well

filled up that unless under peculiar circum-

stances this region affords sufficient support

and protection to the viscera of the abdomen.
On examining the corresponding peritoneal sur-

face within, the membrane is found capable of

being detruded only at one spot, internal to the

view, and about an inch and a half distant from

the symphysis pubis. Here, there is a natural

aperture varying in size in diflTerent subjects,

into which the finger may be pushed by a little

violence, and a siuall artificial hernial sac like

a thimble be thus produced. On tearing off

the peritoneum it is easy to observe the dif-

ferent arrangements that serve to support and
strengthen this region of the abdomen.

From Poupart's ligament three distinct layers

of f\iscia pass off" in different directions. The
fascia transversalis has been already described

as passing upwards on the front of the abdomen,

where it is gradually lost. Prom the inferior

and posterior part of the arch another fiuscia

passes, at first downwards, then upwards and
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backwards, to expand itself over the iliacus

interims and psoas muscles ; and it is tlierefore

called the fascia iliaca. These fasciic are per-

fectly continuous as far inwards as the external

border of the artery, and form a smooth and
strong membranous wall for the abdomen in

this situation, rather attached to l'ou|>art's liga-

ment than coming off or derived from it.*

These fitscia: separate at this sjwt and unite

again between the artery and vein, thus forming

a sheath for the former vessel : in like manner

a sejKirate sheath is formed for the vein, when
they aj;ain separate and leave a small opening,

whicli is the crural ring, but unite before they

reach tiimbernal's ligament, to the abdominal

surface of which they give an investment, but

here the fibrous structure is very weak and
diHers little in appearance from cellular mem-
brane. These fascia; then form a flat, broad

funnel, which has three apertures at top, and the

membranous septa are of the greatest use in

binding the anterior and posterior faces of this

fuunel together : hence a hernia cannot escape

through in company with the artery nor with

the vein, and hence also the vein is not com-
pressed nor its circulation interfered with, even

altliough a hernia close to it is in a state of

strangulation. This funnel descends on the

vessels, to which it becomes firmly attached, at

about an inch and a half below I'oupart's liga-

ment, and, according to some anatomists, is

there reflected up again on the vessels forming

a cul-de-sac or bag. I thus consider the

crural ring properly so called to be an aperture

formed by a deficiency in the fascia iliaca and
transversalis, just as the internal inguinal ring

is formed in the latter membrane alone. It is

occupied by a loose cellular tissue, and in

general by a small absorbent gland.

This ring is of a different size in different

individuals ; and where it is large, the person

may be said to have an hereditary or congenital

disposition to the disease ; but a liability to it

may arise from accidental circumstances also.

It is obvious that in proportion as the space

beneath the crural arch is well filled, and the

muscles tense and plump, the aperture at the

ring must be small ; also that it will be larger

according to the greater breadth between the

spinous process and the pubis, or as the space

under the crural arch is deep. Hence it may
be explained why this kind of rupture is fre-

quent amongst women who have borne many
children, with whom the parietes of the abdo-
men are relaxed ; less fre<)uent amongst young
and healthy inunarried females, and scarcely

known amongst men, the pelvis of the male
being narrower, and his muscle better developed

by use and exercise.

The crural arch or Poupart's ligament is

• Their importance in strengthening this part of

the abdomen is proved by an experiment of Mr.
Colles. ** Make in the aponeurosis whicli covers
the iliac muscle an opening capable of admitting
the finger. Pass it between the aponeurosis and
Rurfaco of the muscle, and you will be enabled, with-

out much difHcuIty, to push the finger under Pou-
part's ligament down to the fore part of the thigh."
Colics, op. citat. p. 66.

nothing more than the inferior pillar of th*

external inguinal ring, and is (as has been bcfor*

stated) inserted into the crest of the pubis ; but
it has another attachment to this bone, which,

being in intimate relation with femoral hernia, 1

have delayed the description of until now. Al
the ligament approaches the pubis, its inferior

edge becomes twisted upwards and backwards
towards the tinea ileo-pectinea, into which it is

inserted for a length of from a half to three

quarters of an inch. Its shape is triangular, its

posterior attachment being somewhat shorter

than its anterior ; and its base, which has its

aspect towards the vein, is somewhat lunatcd.

In the male its situation corresponds nearly

with the external inguinal ring; and the sper-

matic cord rests on it Just as it is about to pass

from the inguinal carial.

Tlie fibrous funnel-like sheath already des-

cribed is itself lodged within a cavity which
may be called the crural canal, and is thus

formed. The fascia lata of the thigh in front

has two origins, one from the whole length of
Poupart's ligament, the other from so much of
the Imea ileo-pectinea as gives origin to the

pectinalis muscle, and from the ligament of the

pubis. Tliis latter |)ortion having passed down
the thigh unites with the former below the en-
trance of the saphena into the femoral vein,

below which point they form one continuous
sheath for the muscles of the limb. The por-

tion, however, which comes from Poupart's

ligament requires more attention. At first it

lies completely in front of the npjier part of the

thigh, and of course leaves a triangular space
between it and the other portion, in which are

lodged the funnel-sha]5ed fascial sheath, with
its contents, the artery and vein, lymphatic
vessels, and some glands. About half an inch,

or in some subjects a little more, below Pou-
part's ligament the internal ]M)rtion of this fascia

appears to be wanting, leaving the vessels un-
covered by it as far down as the point of union
of the two fascise : I say appcam to be wanting,
because the fascia lata is really continued over
this space, joins the pubic portion internally,

and sends a process upwards to be inserted

into the linea ileo-pectinea, external to the

lunated edge of <jimbernat's ligament, and be-
tween it and the edge of the femoral ring ; but
it is here so thiu and cellulated that it is

generally removed in the dissection. When
thus disposed of, the firm portion of the external

fascia lata, as it passes to join the internal,

assumes a lunated form above and below, and
thus the entire apparent deficiency is made to

appear of an oval figure, the edges of which are

crescenlic, and which have been called by the

different names of Hey's ligament, Burns' liga-

ment, and the crescentic edge of the fascia lata.

A finger pushed from above through the crural

ring will easily feel the sui>erior margin of this

aperture, and its influence on hernia in this

situation will soon be made apparent. The
femoral or crural canal then is from one-half to

three-fourths of an inch in length, and is formed
by the fascia lata : it is bounded above, anteriorly

by Poupart's ligament and |X)steriorly by the linea

ileo-pectinea; below, anteriorly by the crescentic
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edge of tlio fascia lata oi- lley's lij;amCMl, and
postericrlj by its jiubic poition : both externally

and internally it is bounded by the junction of

these two portions of fascia. Gimbernat's liga-

ment, whicli is usually described as forming the

interna! boundary of tlie crural ring, rarely fdls

up more than lialf the s))ace between the crest

cf the pubis and the femoral vein. This canal,

as being composed of fascia, is firm, and un-

yielding : it cannot be influenced by the actions

of any muscle in the neighbourhood, nor even

so much as is generally suyiposed by the posi-

tion of the limb. It should follow from this

constitution of parts that any hernia thus re-

strained should forcibly compress the vein and

artery before it suffered strangulation itself, and
so it would if the protrusion bad relation to

this canal alone, and was not contained within

its own proper portion of the funnel-shaped

sheath already described.

The neck of the sac of a femoral hernia, then,

lias behind it the fascia iliaca and the ligamento-

cartilaginous material that covers the sl.arp edge
of the linea ileo-pectinea : internally it has the

junction of the fascia iliaca and transversalis,

the attachment of die fascia lata to the linea

ileo-pectinea, and Gimbernat's ligament; inter-

nally it must also have the spermatic cord in

the male and the round ligament in the female;

anteriorly it has the fascia transversalis and
Poupart's ligament, and imiiiedidte/i/ above the

neck and in close contact with it is the sper-

matic cord, of course including tlie spermatic

artery: externally is the membranous slip in-

terposed between it and the femoral vein. The
epigastric aitery is also external to it, but

although this vessel is soniewhat irregular both

in origin and position, yet the full breadth of

the vein must be always interposed between it

and the neck of the sac. But there is an
irregular vascular distribution that must be
borne in mind. In a great number of subjects

(perhaps one out of every four or five) the

obturator artery, instead of coming off from the

internal iliac, arises by a common trunk along
with the epigastric, which it soon leaves, and
passing downwards and inwards crosses the

superior aperture of the femoral canal before it

dips into the pelvis to reach the obturator

foramen. In this course it sometimes passes

the border of the canal posterior'y, but much
more frequently iii front; and in tliis latter case,

if a hernia existed, the vessel would embrace
two-thirds of the circle of the displaced peri-

toneum close to and immediately above the

heck. It appears, then, from these anatomical

relations that in all subjects a considerable

degree of danger may arise from too free and
unguarded a use of the knife in operation—

a

danger that is necessarily enhanced in the male
subject: indeed in consequence of the risk of

h'A'morrliage Scarjia seemed dis|iosed to trust to

dilatation and laceration of Poupart's ligament
for relieving the stricture, and where these

means were insufficient he recommended a new
and particular direction to be given to die

incision. But from careful dissection and ex-

amination of these parts I am disposed to

believe there is always sufficient space to free u

stricture without endangering either the s[)er-

matic or the irregular obturator artery. It must

be recollected that if the intestine is sufficiently

liberated to permit the passage of gas through

the immediate seat of the stricture, its return is

perfectly practicable, and a very small incision

will be sufficient to accomplish this. Now
these vessels lie, not on the neck of the sac, but

above it; and there is quite space enough to set

the stricture free without interfering with them:

when they are wounded, it is in consequence of

the introduction of the cutting edge of the

bistoury too far within the stricture.

When a portion of intestine has escaped

through the femoral ring, (and by reason of the

small size of the aperture hernia; here are

seldom large,) it lies at first within the crural

canal, where it is restricted by the fascia lata,

and its existence recognized with difficulty. It

has happened that patients have perished from

the incarceration of a small fold or knuckle of

intestine without the circumstance ever having

been discovered during life. Hut after it has

passeil the crescentic edge of lley's ligainenl,

and is relieved from the pressure of the fascia,

it comes forward, and if it increases farther, its

direction is rather inwards and upwards, so

that it may assume the position of an inguinal

hernia to the extent of being mistaken for it.

Having proceeded so far, the hernial sac has

assumed somewhat of the form of an arch : it

has passed, first downwards through the

femoral canal, then forwards under the sharp

edge of the f.iscia lata, either passing through

the weak cellular portion of it or pushing it

before, and then upwards and inwards in front.

The hollow of this arch looks upwards, and is

occupied by the creseentic edge of Hey's liga-

ment. Perhaps this ]iarticular position of the

hernia, as well as the extreme slrailness and un-

yielding nature of the crural canal, has con-

tributed to the frequency of strangulation to

which this form of hernia is liable.

When a person stands erect and without

exertion, Poupart's lig-amenl forms nearly a

direct line between the anterior superior spinous

process of the ileum and the crest of the pubis,

and all the fascia connected to it are in their

natural state and sufticiently relaxed ; but if the

thigh is strongly extended or the body bent

backward, the ligament then becomes tense and

is arched backward toward the thigh. The
eti'ect of the general tension of the limb in this

position would be to convert the arch formed

by the hernia into an angle, against the hollow

of which the edge of Hey's ligament would be

firmly compressed, and a sufhcient degree of

resistance thus created to the return of the

venous blood to produce a congested condition

of the viscus. The operation of such a cause

as this can hardly be considered as permanent,

but the mischief once commenced is not easily

controlled, and an intestine might soon be

placed in such a condition as to render incar-

ceration at the ring inevitable.

The situations "at which crural hernia may
be strangulated have not been .satisfactorily

described, although there is no subject on which

more anatomical labour has been bestowed. If
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I was to speik from my own experience alone,

I should say tliat tliough tlie hernia itself is

superficial, the seat of the strangulation is

always deep—somewhere at or in the imme-
diate neighbourhood of the neck of the sac. I

found the opinion partly on the dissection of

subjects that had died of the disease, but more
|>articularly on the phenomena I have observed

during the progress of an operation on the

living : still the experience of one individual

can scarcely ever be sufficient to establish a

great pathological principle, and there is autho-

rity that carmot be questioned for believing

that crural hernia is frequently strictured at a
far less depth from the surface. Besides the

neck of the sac, by which this hernia is con-

fessedly strictured in very many cases, Sir A.
Cooper places the seat of strangulation, first in

the crural .sheath and semilunar or lunated

edge of the fascia lata, and secondly in the

posterior edge of the fascia lata.* Mr. Colles

says that the neck or constricted part of crural

hernia does not always appear at the same
depth from the surface, and explains the cir-

cumstance thus : "The hernia having descended
into the femoral sheath, it escajies through one
of those apertures in it for transmitting the

lymphatic vessels, and also passes through a

corresponding opening in the iliac portion of
the fascia lata. As it passes through a small

aperture in each of these parts at nearly the

same spot, it must there be liable to great con-
striction ; for these two layers of fascia will be

compressed together, and thus their strength

and resistance be considerably augmented.
Jlence we should find the seat of stricture in

strangulated femoral hernia frequently to be at

some distance below and to the pubic side of
the crural ring."t The descriptions of Hey and
Burns I cannot profess clearly to understand,

and 1 fear they were taken rather from sound
subjects than from those in which hernia? were
actually present. Scarpa does not distinctly

point out the anatomy of the scat of stricture,

but from the general bearing of his descriptions,

and above all from the anxiety he expresses

relative to the danger of wounding the sper-

matic artery in 0];«nition, which vessel, if pre-

sent, must lie close to the neck of the s.ic, I

would ha7.irrd an opinion that he believed the

seat of strangulation to be always deeply
seated.

In dissecting this rupture from without, or
in operating uiKin it in the living, it will be
found to lie at a difl'erent depth from the sur-

face, and to possess variety in the number of
fascial coverings according to its position with
reference to the parts already described. Thus
it may be jilaced within the crural canal,

within that triangular space formed by the

fiiscia lata ; or having passed beyond its inferior

opening or falciform edge, it may present
more superficially. In the former case, after

the division of the common integuments, the
skin and fat, the superficial fascia is exposed
and may consist of many layers— at all events

• Cooper GO Hernia, part ii p. 14.

t Colles' Surgical Anutoiny, p. 77.

of two: next is the dense and resisting fascia

lata of the thigh ; and deeper still, the funnel-

shaped fascia in which the crural ring is situated.

Between this latter and the sac another fascia

has been described under the name of the fascia

propria, which may be supposed to be foniud

by a condensation o( that cellular tissue already

described as occupying the crural ring ; but I

have never been able to satisfy myself as to the

existence of this as a distinct membrane, and I

must again caution the young operator not to

expect to meet with laminse of fascia as de-

scribed or demonstrated by the anatomist. A
dexterous and careful dissector may make al-

most as many layers of fascia as he pleases.

After it has passed the inferior border of the

crural canal and ap|>eared more externally, the

coverings of fascia to be expected must de])eud

on the view taken of the anatomy of this part.

If it IS believed that the heniia having cleared

this point merely swells out on being relieved

from the pressure, without passing or pushing
through any of the superincumbent structures,

then in order to come down upon the sac it

would be necessary to divide the skin and
cellular tissue, the different lamins of the fascia

superficialis, the cribriform portion of the fascia

lata, the anterior portion of the funnel-shaped

fascia, and the fascia propria. If, on the other

hand, it is supposed that the hernia has escaped
through one of the openings in the femoral

sheath, and a corresponding one in the iliac

portion of the fascia lata, it will lie more super-

ficial by the absence of these investments. In
either case the last layer of fascia most adja-

cent to the sac is almost always remarkable for

density and strength.

The general symptoms of this affection are

the same with those of inguinal, such as the

appearance of the tumour, its diminution or

disappearance in the recumbent |X>sition, and
the impulse imparted to it by coughing, sneez-

ing, &c. : its peculiar symptoms are explicable

by its anatomical relations. 1. Tlie crural

hernia is generally small and its increase slow

:

the size of the ring and the compression ex-

ercised on it by so many superincumbent
layers of fascia will be sufficient to account for

this, and also will shew why this rupture is

almost always painful, and why position has so

much effect on it, relief being constantly ob-

tained by bending the thigh on the pelvis and
rotating the limb inwards. 2. The j>eculiar

manner of growth, its first passing downwards,
then forwards, and then upwards and inwards,

is caused by the attachment of the funnel-like

fascia to the vessels at the superior part of the

thigh, and by that of the fascia supeificialis

to the fascia lata near the entrance of the

saphena vein ; thus its shape is never pyramidal

like that of inguinal ; it is globular or oval, and
its longest diameter is transverse. 3. I have
already mentioned its prevalence amongst
females advanced in life.

As the testicle is more subject to disease

than any structure at the top of the thigh, there

are more affections with which scrotal hernia

may he confounded ; but on the other hand,

when a doubt arises on the subject of crural
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hernia, the diagnosis is vastly more difficult, and
often the surgeon has to be gnided by the gene-

ral symptoms of peritoneal inflammation rather

than by the results of local examination, how-
ever carefully performed. Mr. CoUes* stales

that "tliis species of l>ernia is liable to stran-

gulation even before it can be felt externally,"

—an observation I was enabled to verify a few

months since in a case where a very small

knuckle of intestine had not passed the inferior

aperture of the femoral canal, but was lodged
in an absorbent gland, which seemed to have
been hollowed out to receive it.f But the

hernia may be much larger and still not disco-

verable in consequence of some unfortunate

complication ; I have seen a case of incarce-

rated hernial in which an abscess was seated

at the superior part of the thi^h immediately
in front of the sac ; and after the pus had been
evacuated, some time elapsed before decisive

symptoms pointed out the existence of the

more formidable disease behind. There is,

in the Museum in Park-street, a preparation

exhibiting a fatty tumour growing on the exter-

nal surface of a hernial sac. The patient from
whom it was taken was the subject of opera-

tion, and after the integuments and fascia had
been divided and this tumour presented, some
doubts were at first entertained as to the pre-

sence of a hernia beneath it ; but on careful

examination the operator discovered the hernial

tumour, and cutting cautiously through the

other, opened the sac, in which a knuckle of

intestine was found incarcerated. The opera-

tion was successful, and the patient recovered.

"In many instances," says Mr. Colles, "the
difficulty of discriminating the disease is consi-

derably increased by an enlarged lymphatic

g'and lying anterior to a very small hernia."

Perhaps there are no two affections more
liable to be mistaken for each other than crural

hernia and an enlarged lymphatic gland; and
however apparently distinct the two affections

may be, and however easy it may seem to form

a diagnosis in theory, still the best surgeons

speak of the difficulty of discriminating between
them, and many acknowledge having fallen

into the error themselves. It has happened
that a patient has had a hernia on one side and
an enlarged gland on the other, and when
symptoms of strangulation became urgent, it

was the gland that was considered to be the

most pressing, and it was selected for the opera-

tion. 1 recollect two cases which occurred

nearly at the same time ; one in which there

was a very minute hernia at the left groin,

which had been regarded as a swelled gland,

and the patient died of the effects of its stran-

gulation ; the other a case of pure peritoneal

intUunniation, in which the patient happened to

have a swollen gland in the groin, which was
actually cut down upon and exposed, but the

operation did not much injury, for the patient

* Op. cilat. p. ft3.

t This curious case occurred in the Meath Hospi-
tal in the summer of 1835.

i 1 use this term in the sense hitherto employed,
not implying perfect strangulation.

subsequently recovered. It has' been said that

a diagnosis can be established by attention to

the following circumstances. The hernia fol-

lows on some sudden exertion, on a blow or a

fall, and appears suddenly and at once f

whereas the gland in the commencement i»

very small, perhaps like a moveable kernel,

and increases slowly and by degrees. Besides,

this diagnostic will be greatly assisted if there

is a chancre or other sore to account for the irri-

tation and inflammation of the gland; but on
the other hand the hernia does not always

assume its given size at once, it is often

so small at the beginning that the patient is not

aware of its existence, and so far iiom appear-

ing suddenly after a violent exertion it may
have been present for months without being

perceived. The hernia receives an impulse

from coughing or sneezing, and retires or be-

comes smaller in the recumbent posture, which
are not observed to happen with the gland ; but

then an enlarged gland may be complicated

with a hernia, and the symptoms so mixed and

confused that a diagnosis may be very difficult.

It is said that a gland maybe moved about and
withdrawn from its situation in a slight degree,

and if it can there is no great danger of mis-

taking it ; but when it has arrived at the size or
occupies the place which could make it resem-

ble a hernia, then it does not admit of being

moved under the fascia, and the diagnosis is

almost impossible. Fortunately, a crural hernia

does not often consist of omentum, but when it

does there is nothing more likely to exhibit the

characters of a gland in a state of chronic dis-

ease, and 1 know not how the two cases can be

accurately distinguished. Here the physical

evidence derived from a gentle percussion (as

already noticed) is utterly and completely

valueless.

Lumbar or psoas abscess is another affection

that may be confounded with femoral hernia,

and Mr. Colles states that he had known the

mistaketo have been committed. Thesediseases

resemble each other in the following circum-

stances. Both present very nearly in the same
situation at the bend of the groin, are firm and
elastic; coughing gives to each the same or a
similar impulse; and there are cases on record

in which psoas abscess disappeared under pres-

sure or by the patient assuming the recumbent

posture. Yet I think the two cases not very

difficult of distinction. Psoas abscess is a dis-

ease of youth ; it does not often occur in the

adult except as a critical abscess after fever, or

in connexion with caries and curvatni<e of the

spine, in either of which cases the collateral

circumstances will point itout ; whereas femoral

hernia is the disease of married women, and of

course will not be likely to occur at the same
]ieriod of life with the abscess. A sense of

fluctuation is generally perceptible in psoas

abscess; not so with hernia. The abscess is

preceded by pain and weight in the loins and

by shivering. It is a scrofulous complaint, and

there will probably be other indications of the

diathesis, such as the transparent skin, the

thickened upper lip, or perhaps ill-conditioned

scars about the neck. Any of these symptoms
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taken singly may prove but an indifferent dia-

gnostic, but in the aggregate they establish such
distinction that it must be the result of sad in-

attention or of actual ignorance if any serious

mistake is committed.
It has been stated that a varix of the saphena

vein may present symptoms and appearances
strons;ly resembling crural hernia, inasmuch
as the tumour disappears under pressure or in

the horizontal posture, and returns again imme-
diately on these influences being remo»ed, and
also as it receives a certain degree of impulse
from couching or sneezing. From anatomical
considerations it woidd almost seem impossible
that such an error could be committed, and at

first sight the observation seems to have been
made for the purpose of creating nice distinc-

tions and rendering the subject apparently com-
plete rather than for any practical utility. A
case, however, is related by I'etit, who distin-

guished the real nature of the tumour by its

dark-coloured appearance and by the general
varicose state of the remainder of the vein. If

difficulty is experienced in any particular case,

it may be easily resolved by making pressure
on the trunk of the iliac vein above Poupart's
ligament, when the tumour will re-appear, even
although the patient maintains the horizontal

posture.

" Fatty tumours are not unfrequently found
on dissection occupying the exact situation of
crural hernia. I have not had an opportunity
of seeing any case of this kind in the living

body, but have had occasion to remark at least

five or six instances of it every season in the
dissecting room, from which I presume such
tumours are more common than is generally

suspected. In all those instances the fatty tu-

mour was connected with or rather seemed to

grow from the outer surface of the peritoneum
lining the crural ring; and the inner surftice of
this mnmbraiie when viewed from the abdomen
had a contracted, wrinkled, and thickened ap-
l)earance, resembling very closely the appearance
of a reduced hernial sac. Whether tlie perito-

neum had been protruded in these instances

1 cannot pretend to say ; nor can I venture to

lay down the symptoms which should guide us
in our diagnosis in the living body. This
much at least is obvious, that these steatoma-
tous tumours will not be accompanied by
symptoms of strangulation."*

Uinhilicul hernia.— The navel is the remnant
of an aperture that had been situated nearly in

the centre of the front of the belly, but nearer to

the pubis than to the ensiform cartilage: it is

placed in the Iniea alba, and of course its edges
are tendinous. During fietal life it serves for

the transmission of the umbilical vein and arte-

ries, but its size is greater than would merely
suffice for the passage of these vessels, in order
that the circulation of the blood through them
should suffer no interruption by accidental com-
pression ; and in a foetus of seven months the
edge of the aponeurotic opening is still thin,

weak, and unresisting. After birth, when the

* This passage is copied from Collet's Surg. Ana-
tomy, p. 84.

navel string (as it is called^ has dropped off,

the umbilical aperture begins to close, until

finally that puckered cicatrix is formed, the

appearance of which is so familiar; but tiie

periods at which this process commences and is

completed, and the circumstances that may
occur to interfere with it, are of some importance

with reference to the phenomena of hernia.

Scarpa says that it begins immediately, and that

if the finger is passed up the peritoneal wall of

the abdomen in a child two months after birth,

not only will the navel be found firmly formed

and completely cicatrised, but there will be a
knot or elevation felt at this spot, shewing that

it is then really stronger than most other parts

of the abdominal parietes. Lawrence states

that the contraction commences about the third

or fourth month after birth, and thence inculcates

the necessity of an infant being tolerably accu-

rately bandaged anterior to that period in order

to prevent the occurrence of umbilical rupture

from its struggles or its cries. It is not of
much consequence which of these opinions

may be correct : probably both are so to a cer-

tain extent, for the opening is larger in some
infants than in others, and will require a longer

time to close, and the process of obliteration

does not commence in all exactly at the same
period after birth. Whatever variety may
exist in this respect, when the process is com-
plete the umbilicus can never afterwards be
called an aperture; it never again re-opens; and
when ruptures are observed in after-life seem-
ing to occupy this situation, it will be found on
examination that some neighbouring parts of
the liiiea alba have given way, and the disease

more strictly belongs to tlie ventral than to

umbilical hernia.

It appears then that by the salutary provi-

sions of nature the front of the abdominal pa-

rietes is well supported, and the contained

viscera protected from protrusion ; and even if

the operations by which the umbilicus is closed

should be accidentally suspended or interfered

with, (as by the presence of a hernia for in-

stance,) the disposition is not lost, and the aper-

ture preserves its tendency to close and become
obliterated for the first five or six years of
childhood. Thus at any time within that period

there may be a reasonable probability of obtain-

ing a permanent cure of umbilical hernia;

whereas after the age of ten or twelve years this

disposition ceases to operate, or at least is

greatly impaired, and there is little orno chance
of so fortunate an occurrence.

The condition in which the umbilicus exists

at and after birth divides the hemix that occur

in this situation into different orders according

as they may appear at the period of birth or

afterwards. Scarpa considers the disease to

consist of only two species, the congenital and
the adventitious—the congenital being that

which appears in the infant when bom, and the

other occurring at any subsequent period.

Lawrence speaks of three kinds, the congenital,

tliat which appears at birth, and in which the

protruded viscera are lodged in the umbilical

cord; the umbilical hernia of children occur-

ring after die navel has been formed, but pro*
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truding through the original deficiency in tlie

liiiea alba ; and the hernia of adults, which has
some peculiarities that sliall be noticed here-

after.

The congenital umbilical hernia seems to

depend rather on a deficiency of the anterior

walls of the abdomen than on any other cause,

and in the cases in which it is observed, the

aperture at the navel is much larger than it

should naturally be, and its tendinous edges
excessively tliin and weak. The deficiency of

the abdominal parietes ranks amongst natural

malformations, and it is astonishing to what an
extent it has been observed. The entire of the

tendinous front of the belly has been found
imperfect, and nearly the whole of tlie viscera

displaced, thus forming an immense rupture

covered at its base and for some extent farther

by the skin and superficial investments of the

body, and in its remaining part by the transpa-

rent Sfxjngy substance of the umbilical cord.

The contents of these ruptures are greatly varied

:

the liver or a portion of it, the spleen, the

stomach, the greater and the lesser intestines

have all been occasionally found thus circum-
atanced, but more particularly the omentum,
which, as might be anticipated from its situation,

is observed to constitute a part of almost every

umbilical hernia both in the old subject and in

the young. Whenever there is such a defi-

ciency in the abdominal parietes, the pressure

an infant undergoes in coming into the world
materially contributes to the production of

hernia, and accordingly it is observed most fre-

quently after a protracted and difficult labour;
and if it is large, and the contents of the ab-
domen extensively deranged or displaced, it is

in general fatal, the infant seldom surviving

beyond two or three days, and perhaps not so
long. In this affection there seems to be a
want of correspondence between the size of the

viscera and that of the abdominal cavity, the
former appearing enlarged and swollen ; and
there is seldom a possibility of returning the

rupture, or of maintaining it so if reduced.
There is in general also in these cases some
other iiialformalion or incomplete development
to account for the fatality that so uniformly

attends them. But if, on the other hand, the

hernia is small, the case is by no means nece.s-

sarily attended with danger: tlie rupture may
be reduced, but it has a tendency to return when-
ever the child cries or makes any other exertion,

and it is extremely difficult to restrain it by a
bandage ; but if it can be kept up for a few
months, the umbilical aperture closes as it

would have done if there had been no pro-
trusion, and the cure is permanent and com-
plete.

If, before the navel has become cicatrized and
closed, a portion of any viscus should happen
to be protruded through it, and its progress

towards obliteration thus interrupted ; or if the

contraction has been delayed longer than usual,

and an aperture thus left ready to favour the

escape of a part of intestine from its natural

situation, the rupture will be of the second
form mentioned, namely, the umbilical hernia

of tlie cliild. Thb differs from that of the

infinit inasmuch as it is covered by the skin and
the cicatrized knot of the navel, and does not
lie withm the cord ; and from that of the adult,
so far as, if replaced and prevented from again
protruding, the aperture will gradually contract,

and thus a permanent cure be obtained, which
is scarcely to be expected at a more advanced
period of life. It has been already mentioned
that Scarpa considered the perfect contraction

of the umbilicus to be completed in about two
months, and at the end of tliat time that it i-s

even firmer than other parts : he moreover
seemed to think this part materially strength-

ened by the remains of those vessels which
before birth made up a part of the cord. The
umbilical vein passing from the navel upwards
towards the liver, and the hypogastric arteries

p;issing downwards, are at the umbilicus united
by a cicatrix to the skin and to each other, and
conlubute to prevent the yielding of the part as

soon as they become ligamentous. Tlie point
of union of these vessels must be pushed
forwards as well as the integuments in adven-
titious hernia, and hence it happens that when
the umbilical aperture is only of its natural

size, the rupture that takes place (if any) is

small ; and in cases where it is large and the

abdominal parietes deficient in this point, the

tumour is Hatter and more compressed than

might have been otherwise expected, and some
of these vessels are found lying on it and
forming a part of its covering.

In persons more advanced in life in whom
the opening in the tendon had been perfectly

closed, Scarpa denies that it ever becomes
relaxed again, and therefore states that the rup-
tures which occur from over-distension, from
pregnancy, or as the seqiielie of dropsy, are

not situated in the original umbilical canal, but
in some part of the linea alba that has more
recently given way, and of which the umbilicus
hajipens to form a part. He states further that

the linea alba is not equally strong and firm in

all its parts ; that above the navel it becomes
gradually thinner, and in women who have
borne many children it is uneven inconsistence,

and in some parts so weak as to be liable to

yield and tear on a very slight exertion. Hence
it happens that these ventro-unibilical rujitiires

generally occur rather above the navel; and the

almost obliterated remains of this cicatrix (lor

by the distension ii becomes nearly smooth) is

scarcely e\er observed to occupy the centre of
the tumour, but is found to one side and almost
placed interiorly. In the dissection of these

tumours a laceration or fissure is constantly

met with in the linea alba, sometimes transverse,

but more generally longitudinal, and this is one
reason why the umbilical ruptures of old per-

sons are not susceptible of a radical cure, for

there is a great diHerence between a natural

opening, the tendency of which is to contract

and close, and one nuule by the yielding and
laceration of part of the linea alba or other

tendinous portion of the abdominal parietes,

which certainly cannot be supposed to be en-

dowed with strong reparative properties.

There was a question formerly raised as to

whether umbilical hernia possessed a peritoneal
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sac, and it was generally believed that no such
iMvestmoiit liad any existence in the disease.

( •aientjeot in his jwper on singular species of

hernia; expressly states that ruptures of this

kind were deticient in this particular, and he
was followed by Petit and almost all the elders

of our profession, who, to spare themselves tlie

labour of investigation, copied from each other

errors as well as truth. It is really curious to

observe how a mistake could have so long

maintained its ground that could have been set

at rest by half-an-li«ur's dissection; and indeed
it is in some respects surprising how such an
opinion came to be entertained at all. In every

C3ue of umbilical hernia there must of neces-

sity be a sac, because the peritoneum is not

deticient at the navel, and the vessels that pass

within the cord do not enter the cavity : they

lie anterior to it, and are jartly invested by the

membrane, which is entire and complete behind
the navel, and neither intestine nor omentum can
be protruded without pushing it out before it,

and thus constituting a pro|)er hernial sac. It

may be that in large umiiitical hernia the peri-

toneum shall have become very thin, so that the

peristaltic motions of the intestines may be
easily perceived throuijh it from without ; or it

may have been burst accidentally, and in either

of these cases there will be an apiMjanmce as if

there had been in reality no sac. And more-
over, the peritoneum immediately behind the

navel is not connected to it by the same loose

and distensible cellular tissue that unites it to

other parts : it is here very closely joined, and
consequently in small ruptures only occupying
this spot there will be no appearance of a se|>a-

rate and distinct sac, aUhough the peritoneal

covering is really there notwithstanding. It

must be borne in mind, however, that invest-

ments of umbilical ruptures are always very
thin, and a proportionate degree of caution is

requisite in cutting through them during ope-
ration. There arc no distinct layers of fascia

here as in other ruptures, no lamina; to seiM-
rale one by one and one after another. In the
congenital species the contents of the sac are

merely covered by the peritoneum and the
sheath of the cord. In the infantile, the
coverings are the skin ami cicatrix of the navel
and the peritoneum ; and in the adventitious
kind orveniro-umbilical we meet the skin, then
the suixrticial fascia, which is very thin and
weak on this [jart of the abdomen ; next the
cellular tissue that had uniled the peritoneum
to the adjacent structures, and which may have
become condensed so as to form a kind of
fascia propria ; and lastly, the peritoneum or
hernial sac itself.

In almost every case of umbilical hernia
occurring in the adult, omentum has formed
part of the contents of the sac, at least Uie ob-
servation has been so universally made that the
rule may be considered as established. In
general it lies before the intestine in such a po-
sition as to conceal it altogether and make it

appear as if no odier viscus was engaged ; but
sometimes the intestine makes a passage through
it and |>resenls first when the sac is opened ; or
both these structures may be coiled and twisted

together in such wise as to render it difficult to

unravel and separate them one from another,

and highly perilous to return them in that con-

dition into the cavity lest strangulation should

take place within. From the circumstance

also of containing omentum, umbilical ruptures

frequently become irreducible, this structure,

when protruded, becoming thickened and en-

larged and occasionally loaded with fat, so as

to preclude the possibility of its being again

returned through the tendinous ojiening. Ur
adhesions may have formed between the

omentum and the intestine, or between either

or both of these and the sac : in short, the

rupture may become irreducible from any of
the causes already mentioned as capable of
producing such a condition of parts, but the

one first alluded to, namely, the tliickening and
alteration of the omentum, is the one most
generally observed.

This altered condition of the omentum has
also a {)aramount influence on the case even at

a more remote period. Let it be supposed that

symptoms of strangulation have supervened,

and an operation been deemed necessary to

preserve existence, the presence of this mass
will be likely to prove extremely troublesome.

Every surgeon is conversant with the different

opinions that have been entertained as to the

manner in which irreducible omentum should

be dealt with. Some* speak boldly enough of
cutting it off and returning any part that might
remain, or allowing it to slip back into the

abdomen without feeling any appreliension

from the possibility of ha;morrhage. Some
have tied a ligature around it to cause it to

slough, and Mr. Ileyt employed a ligature in

another way and with a diflerent view, namely,
by applying it so tight as gradually to cut

through the omentum by the process of ab-

sorption, but without entirely destroying the

circulation through the included part. ScarpaJ
left the omentum, merely covering it with the

sides of the hernial sac and dressing it lightly

until suppuration apiieared, when, he said, the

pedicle by which it hung might be safely lied

and the mass cut away. I notice this diver-

sity of opinion not (or the purpose of incul-

cating any one line of practice, but to shew
that the omentum cannot be lef\ there with

safety. It is at all times and under every cir-

cumstance not very highly oi'ganized or able to

sustain disease; still less so is it when altered

from its natural arrangement, converted into an
unwieldy mass of fat, and exposed to the in-

fluence of the atmosphere in an open wound.
Sometimes it runs into tedious and unhealthy

suppurations with profuse and wasting dis-

charges ; more generally, if the patient is old

and debilitated, into mortification, which may
(if the subject lives suthciently long) pass oq
to the unaltered omentum within the abdomen,

nor cease until it has reached the stomach.

• Poll, op. citat. p. ! 6. Petit and Ponlcnu,
Mi'm. de I'Aiail. Royale de Cbir. torn. vii. p. 338.
Colles's Suritical Analomy, p. 100.

t In this be was ancicipated by Morcau, Mim.
dc I'Acad. Roy. de Cliir. t. vii. p. 344.

{ Op. citat. p. 420.



764 HIBERNATION.

The symptoms of umbilical hernia are

easily understood by referring to those points

in which it differs from ruptures situated else-

where. In the infant the tumour appears long

and thin, according to the quantity of viscera

protruded through the aperture of the navel, and
projects downwards on the belly : its coverings

are almost transparent. In the more adult

subject, if the patient is thin the tumour is of

a pyriform figure, and when permitted to in-

crease without restraint becomes very large

and hangs pendulous towards the pubes. If

he is fat it may form a less circumscribed

swelling, broad and flat, apparently extending

in every direction round the umbdical aperture.

The sensation imparted to the finger is of a
soft and doughy tumour slightly moveable
under the skin, but sometimes in consequence
of the presence of intestine in the rupture it

may possess some elasticity. Occasionally,

after an omental hernia has remained for years

without producing much inconvenience, it sud-
denly enlarges towards the centre and assumes
a conical chape, the apex being soft and elastic,

the base hard and more solid : in this case-

there has probably been a fresh protrusion of

intestine which has burst through the omentum
and requires instant attention, as so circum-

stanced it is extremely liable to fall into a state

of strangulation. Th.e collateral symptoms,
such as nausea, flatulence, colicky pains, &c.,

are more severe and more frequent in umbilical

than in any other form of hernia, a circum-

stance that has often given rise to the idea that

the stomach formed some part of the protrusion,

but perhaps it is unnecessary to resort to such
a supposition, for probably the hernise of the

linea alba that have been described as con-

taining part of the displaced stomach were in

no wise different from ordinary umbilical

ruptures as to their contents, for the omentum
being protruded will be sufficient to account
for every aggravation of symptom.
When the hernia is strangulated, it is said

that the symptoms are less severe and less

urgent than in other species of ruptures, a cir-

cumstance that has also been accounted for

from its so often containing omentum alone.

Sir A. Cooper states that more cases of stran-

gulation occur in the seasons when green vege-

tables are plenty than in others, which would
seem to favour the idea of its being often caused

by the use of flatulent or indigestible sub-

stances. But (except with reference to pre-

vention) it is of little consequence how it may
be caused, or whether its progress is rapid or

not. When once formed, it must be reduced
;

and it runs its course with sutticient rapidity to

render it extremely alarming. It has destroyed

a patient in less than eighteen hours, and
although such severity is not generally to be

exfiected, yet in this or in any other kind of

hernia the smallest unnecessary delay can

never be justified.

" Sometimes a small mass of indurated fat,

situated between the peritoneum and its union

with the aponeurosis of the abdominal muscles,

makes its way insensibly through the separated

fibres of the linea alba, and is at last elevated

externally in form of a tumour which seems to

have all the characters of an omental hernia.

The existence of this species of tumour through
the linea alba is not only a certain fact and de-
monstrated by several observations made on the

dead body by Morgagni, by Klinkosch and
several others, but it is also proved that it

makes its appearance in other parts of the

linea alba besides that to which the umbilical

vein corresponds internally. It may occur that

a person in whom a similar small tumour has

existed for a long time in the course of the

linea alba may be attacked from a quite diffe-

rent cause by violent colic, with nausea, incli-

nation to vomit, and interruption to the alvine

excretions. The surgeon, in similar circum-

stances, is easily led into error," (and Scarpa
committed the mistiike himself,) " presuming
that the tumour is a true incarcerated hernia of

the linea alba, subjecting the patient to an ope-
ration which has no connexion with the cause

of the disease." Never having seen any similar

tumour, I have copied the above passage from
Scarpa: they are probably of the same nature

with those described by Mr. CoUes as occa-

sionally presenting at the crural ring. The
resemblance must be strikingly obvious to

every reader.

( William Henry Porter.)

HIBERNATION; etym. Aifcerno, to win-
ter, to pass the winter; syn. lethargy ; errone-

ously, torpor; Fr. sommeil hivemal; Germ.
WinterschlafimA Sommerschluf; a term chiefly

applied to express that condition in which cer-

tain animals pass the winter season.

How often have I been struck with admira-
tion in observing how variously the ('reator has

provided for certain of the insectivorous tribes,

the swallow and the bat, for example, against

the period when the sources of their daily food

are cut off', when spring and summer yield to

autumn and winter, and insects disappear ! The
first emigrates to a more genial climate where
its nutriment still abounds ; the second sinks

into a deep sleep, in which food is unnecessary,

and which continues through the dreary season
of cold and famine.

It has not hitherto been distinctly ascertained

to what extent the state of hibernation prevails

in the animal kingdom; the bat, the hedgehog,
and the dormouse, are the genera which present

us with the most marked examples of this sin-

gular physiological condition in this country
;

to these the elegant authoress of " Sketches of
Natural History" has added the water-rat and
the wood-mouse, observing of the former

—

** And when cold winter comes and the water-
plants die.

And his little t)rool(s yield him no longer supply,
Down into his burrow he cozily creeps.

And quietly through the longwinter-lime sleeps."

But before we proceed to discuss this ques-
tion of natural history, we must consider that

of the physiology of hibernation.

There is, in my opinion, an ultimate law of

animal existence, which seems to regulate the

different forms in which the different classes of

animals present themselves. The quantity of
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respiration is inversely as the degree of irritabi-

lity of the muscular fibre, tlie former being

marked by the quantity of oxygen consumed in

a given time, ascertitined by the pneumatome-
ter,* the latter by the force of galvanism neces-

sary to demonstrate its existence. The bird

tribes have a high respiration and a low irrita-

bility ; the reptiles have a high degree of irrita-

bility and little respiration. This law obtains

not only in the ditferent tribes of animals, but

also in the different stages or states of the same
individual, the structurtil changes from one

stage to another being always a change from a

lower to a higher respiration, and from a higher

to a lower degree of irritability, and the change

of state, a change in the opposite direction :

thus the changes from the egg to the bird, from

the tadpole to the batrachian form, from the

lar\'a to the chrysalis and the insect condition,

are chaniies in which, whilst a due ratio is con-

stantly maintained, the quantity of respiration

is augmented and the degree of irntability

diminished ; on the other hand, the p/ii/siolu-

gicul changes in the degree of activity in ani-

mals, during sleep, for example, but especially

in that remarkable change which is the subject

of this article, the respiration is diminished

whilst the degree of irritability is, pari puisu,

augmented.
On what this susceptibility of change de-

pends, and especially on what the power of

taking on an augmented irritability depends, is

at present unknown. But 1 think I may affirm

that it is upon thi« power that the capability of

passing into the state of hibernation reposes. I

siipiiose that all animals have the faculty of

sleeping ; during sleep the respiration is slightly

diminished, the irritability probably proportio-

nately augmented—probably one ultimate ob-

ject of this state of repose ; but the phenomenon
has its appointed limit which it cannot pass.

In certain animals, that limit is not so con-

fined,—the quantity of respiration is still furtlier

diminished, the degree of irritability still further

augmented, and the deeper sleep, or lethargy,

of hibernation takes place.

During this lethargy, the law of the inverse

ratio of the respiration and of the irritability

still prevails, and the animal merely puts on a

reptile stale in these respects. Were the respi-

ration to be diminished without the appointed

augmentation of the irritability, the heart would
cease to be stimulated, and the animal would
die, as in the cases of torpor and slow asphyxia;

were the respiration augmented without the

proportionate diminution of the irritability, the

heart would be over-stimulated, and death

would alike ensue, as in the case of a hiberna-

ting animal too suddenly roused from its lethar-

gy, and as (probably) in the case of an animal
placed in pure oxygen gas.

The difference between the hibernating and
all other animals then is, an ultimate faculty of

assuming an augmented degree of irrit;ibility of

the muscular fibre—a power possessed by all

animals within certain limits, but by the hiber-

nating animal beyond the usual limit.

• See Phil. Trans, for 1832, p. 323.

Sleep, however inscrutable In itself, is the

connecting link between the two physiological

stales ; a disquisition on hibernation is, there-

fore, a disquisition on sleej)—on profound sleep.

It will shortly appear that one eminent philoso-

pher ha.s fallen into the error of assimilating

different physiological phenomena by neglect-

ing to take this fact into his consideration.

Sleep and hibernation are similar perUtdical

phenomena, induced by similar causes, leading

to similar effects, and differing only in ikgree.

Hibernation appears more extraordinary only
because less familiar than sleep. Mo.^t animals
are, in fact, naturally awake and asleep every

revolving day, some being diurnal, others noc-
turnal. But in summer the bat actually hiber-

nates, loses its respiration, and with its respira-

tion its temperature, acquires vastly augmented
irritability, and presents the other phenomena
of complete hibernation, regularly and periodi-

cally every twenty-four houre; and the hedge-
hog and the dormouse present similar pheno-
mena, only after other intervals.

Sleep then is the first stage of hibernation.

The faculty of passing into the second is iden-

tical with that of assuming a greatly augmented
irritability of the muscular fibre. Such are the

results of my long attention to this interesting

physiological question. Much error has arisen

from viewing hibernation as a simple effect of
cold. Tlie influence of cold in inducing hiber-

nation is merely its well-known influence in

inducing sleep, concurring with the other cause*
of this condition. Tlie direct effect of cold on
the animal frame is, as I shall shortly have
occasion to state particularly, totally different

from hibernation. Hibernation is a physiolo-

gical condition ; the direct effect of cold, or
torpor, is, on the contrary, a pathological and
generally a fatal one.

The term hibernation has usually been ap-
plied to designate what its etymology implies,

the condition in which certain animals pass the

winter season. An error is, as I have already

stated, involved in this view of the subject; for

the condition termed hibernation is not con-
fined to the winter season. Cuvier observes,

in speaking of the Tenrecs, " ce sont des ani-

maux nocturnes qui passent trois mois de
I'ann^e en lethargic, quoique habitants de la

zone torride. Bui-guifere assure mSme que c'est

Fendant les grandes chaleurs qu'ils donnent." •

lence the term SummerscAfci/" employed in Ger-
many. It is plain too, from this circumstance,

that the state of hibernation is not necessarily

connected with a low degree of external tempe-
rature, and we are surprised to find this cele-

brated naturalist, whom I have just quoted,

observing, " la seule condition de la lelhargie

est le froid et I'absence des causes irritantes.
-f-

I must repeat that hibernation is, in every

respect, but the parallel of ordinary sleep, vary-

ing only in force and duration. It is equally

marked by an inexplicable periodicity ; it is

equally modified by cooperating or opposing

• Regne Animal, cd. 182fl, t. i. p. 125.

t Histoire de> Sciences Natuiclles, 1829, t. i.

p. 280.
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causes ; and it is equally manifested in its pe-

culiar effects, only varying in degree and inten-

sity.

In giving a distinct idea of hibernation we
must extend our views to the altered condition

of each function in the animal economy, for

this peculiar state is not limited to any special

function or org-an. It is, in fact, a treatise on
physiology which should be written, compa-
ring the state of each function and of each

organ, in the hibernant or lethargic and in the

active condition, a disquisition on sleep, indeed,

in its various degrees, and in its effects in mo-
difying the various functions.

The first question then is,^

—

what is sleep ? a

question difficult, perhaps impossible, to an-

swer, if we mean by it what is its nature or

essence, but highly interesting to prosecute, if

we mean what are its special phenomena and
their mutual relations.

In order to treat of sleep properly, I must
first observe that, of the nervous system, of

which it is primarily a modification, formerly

divided into tlie cerebrospinal and the gunglio-

nic, the first division must now be subdivided

into the cerebral and the true spinal, the former

being the exclusive seat of sensation, voHtion,

&c. ; the latter, the special source of certain

actions now designated excito-motori/, and ob-

served in the orifices, the ingestors, the expul-

sors, the sphincters, &c. Now it is the cere-

bral system which sleeps, the true spinal re-

taining all its energies.

From this enunciation of the primary fact in

sleep, we may trace the whole of the pheno-

mena of this singular condition. In the state

of activity, the cerebral system exerts a peculiar

and continual influence over the true spinal,

which ceases during sleep. In this manner the

functions of the latter appear impaired ; the re-

spiration especially, and with the respiration

the circulation, with which it always maintains

a certain relation, becomes slower, irregular,

and susj>ended at intervals. These phenomena
obsenable in ordinary sleep are still more re-

markable in the deep sleep or lethargy of

hibernation or diurnation.

In order that the effects of liibernation may
be traced in relation to all the functions of the

animal economy, I must enter into a few brief

details relative to the arrangement of these

functions and the order in which 1 propose to

notice them. The most sim))le and natural

arrangement of the functions appears to me to

be the following :

—

I. Sanguification.

o' Tl!! i"^'r'°" ^'"'J of food.
2. The digestion .... J

3. The formation....
{ j] "[^h^j^''-

, A , , ( a. by the lacteals.
4. Absorption

| i. by imbibition.

5. The organization of the blood.

II. Respiration.
^ _, , .. ( a. of oxvgen.
1. The absorption ..

j ,,. ^f .ntrogen, &c.

^ _, . , .• 4 «. of carbonic acid.
12. The exhalation ..

{ ft. of „it,ogen, &c.

3. The results

. a. angm(

y 4. a dire

/ pulsati

S c. an in

# the re:

V bility.

• rt. augmented tem|5erature.

lirect ratio between the

iilsations and respirations.

inverse ratio between
respiration and irrita-

III. The CincuLATiON.
1. The pulmonic.
2. The systemic.

3. The cardiac or coronary.

4. The hepatic.

5. The splenic.

6. The circulation as the ( o. of nutrition.

carrier ... Xb. of temperature.

IV. DEFfF.CATION.

1

.

Re-absorption by the lymphatics.

f a. by the lungs.

\ b. by the skin.

2. Excretion •' r. by the liver.

i d. by the kidneys.

V a. by the intestines.

V. The Nervois System.
1

.

The cevebrnH, or the system of

a. The sensations, the senses.

b. X'olition, spontaneous motion.

2. The true spinal or c.rcilo-motory, or the

system of

rt. The orifices.

b. Ingestion.

c. Expulsion.

d. The sphincters.

3. The ganglionic.

VI. The Muscular Svstem.
1. The irritability.

2. The motility.

I proceed to trace the influence of sleep, and
of the deeper sleep of hibernation upon these

various functions, beginning with the former.

I. Of sleep.-—It was first ascertained experi-

mentally by Messrs. Allen and Pepys, that the

quantity of respiration is diminished in ordinary

sleep.* The acts of respiration are obviously

less frequent and less regular, being frequently

suspended for a moment and renewed by a deep
inspiration. The animal frame becomes more
susceptible of the influence of cold. It is most
probable that, during this condition, the irrita-

bility of the muscular system is augmented,
and that this is one of xhejinal objects of sleep

;

experiments, however, are still wanting to

establish a fact in reference to ordinary sleep,

which is clearly proved in regard to the sleep

of hibernating animals, and the deeper sleep or

lethargy of hibernation, I shall now proceed

to treat of the sleep of hibernating animals.

II. Of the sleep of hibernating animals.—In

the sleep of the hibernating animal, the respira-

tion is more or less impaired : if the animal be

placed in circumstances which best admit of

observation, the acts of respiration will be

found to have greatly diminished ; if it be

placed in the pneumatometer, little alteration is

• Pliil. Tians. for 18C9.
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induced in the bulk of the air; if its lemnera-
ture be taken by the lliermometer, it will be
(bund to be many degrees lower than that of
tlie animal in its active state; if it be deprived
of atmospheric air, it is not immediately in-

commoded or injured.

These facts I have observed in the hedjje-

hog,* the dormousc,+ and the bat. J If other

authors have not made the same observations,

it is l>ecause they have not been aware how
easily this sleep is disturbed. To walk over
the tloor, to touch the table, is sufficient, in

many instances, to rouse the animal, to re-pro-

duce respiration, and to frustrate the experi-
ment.

The bat, which is a crepuscular or nocturnal
feeder, regularly passes from its state of activity

to one which may be designale<l diurnaliun.

The respiration and the temperature fail ; the

necessity for respiration is greatly lessened.

During the summer of 1831, I carefully ob-
served a bat in this condition. If it were quite
fpiiet, its respiration Iwcame very imjicrlcct;

its temperature was but a few degrees above
that o( the atmos))herc ; being placed under
water, it remained during eleven minutes unin-
jured, and on being removed became lively

and continued well.

I have more recently watched the habits of
two hedgehogs, in a temperature varying from
45° to .'jO". These animals alternately awake,
take food, and fall asleep. One of them is

fiequently awake, whilst the other is dormant,
and goes to sleep at a time that the other
awakes, but without regularity. When awuke,
the temperature of each, taken by pressing the

bulb of a thennometer upon the stomach, is

about 05° ; when dormant, it is 45° ; that of
the atmosphere being 42° or 43°. Tlie duration
of this sleep is from two to three days, accord-
ing to the temperature of the atmosphere. On
the 4tli of I'ebruary, 1832, the temperature of
the atmosphere being 50°, both the hedgehogs
were dormant,—the tem|ierature of one was
51°, and that of the other 52°; on the succeed-
ing day, the temperature of the atmosphere had
fiillen one degree, the temixirature of one of the
hedgehogs was 49°, whilst that of the other,
which had become lively, had risen to 87°; on
the succeeding day, the first had become some-
what lively, and its temperature had risen to
60°, that of the other being 85°, and that of the
atmosphere 47°.

I have observed precisely the same alterna-

tions in the dormouse ; except that this animal
awakes daily in moderate tem))enitures, takes
its food, and re-passes into a state of sleep, in

which the respiration is gi-eatly impeded, and
the temperature little higher than tliat of the
atmosphere.

On the day on which the observations were
made on the hedgehogs, the atmosphere being
49°, that of two dormice \vas 52°

; on the suc-
ceeding day, the external temperature being
47°, that is, lower by two degrees, the tempcra-

* EiinACeiis Enropa'iis.

t M^-oxiirt avrtlanarius.

% Vcspcnilio noclnls.

ture of one of these donnice was 92°, and that

of the other 94°; and only three hours after-

wards, the temjieratures were 60° and 70° re-

spectively, with a slight appearance of lethargy.

Tlie hedgehog and the dormouse appear, m
fact, to awake from the call of hunger, then to

eat, and then again to become dormant, in

tem|ieratures which may be termed moderate.

The bat, which could not find food if it did

awake, does not undergo these periodical

changes, except in the summer season. It ap-

pears to me, from the most careful observation,

that there is every degree between the ordinary

sleep of these animals and the most profound

hibernation.

It is quite obvious, from these observations,

that the oitlinary sleep of hibernating animals

differs from that of others, by inducing a more
impsiired state of the respiration and of the

evolution of heat, with an augmented power of

bearing the abstraction of the atmospheric air.

This sleep probably passes into true hiberna-

tion, as tne blood which circulates through the

brain becomes more and more venous, from
the diminution of the respiration, and as the

muscular fibre of the heart acquires increased

irritability.

It is absolutely necessary, in comparing the

powers of hibernating and other animals, of

evolving heat, accurately to observe whether

there be any tendency to sleep. Mr. Hunter's

and M. Edwards's experiments are deficient

(or want of this attention. Mr. Hunter, coin-

[)aring the common mouse and the dormouse,
exposed to a very low tem|ierature, observes,

that the temperature of the former was" dimi-

nished 16° at the diaphragm, and 18° in the

pelvis ; while in the dormouse it gained five

degrees, but lost on a repetition." • The ex-

planation of these facts is afforded by the obser-

vation, that when the dormouse increase*! in

temperature it was " very lively," but that on
the " repetition" it had become " less lively ;"

the mouse was probably in a state of languor

from apprehension or for want of food.

M. Edwards omits to mention whether the

hibernating animals, in his experiments, were
disposed to l)e lively or dormant, or whether

they had recently recovered from the dormant
state. He does not even mention whether the

experiments on the bat were jterformed in the

evening, its period of activity, or in the morn-
ing OT day, its period of lethargy or diurnation.

Without a particular attention to these points,

no con-ect result could be obtained. The hiber-

nating animal, in a state of vigour and activity,

is a totJilly different being from the same animal

disix)sed to become dormant.

In order to perform this experiment in a
satisfactory manner, the bat, for example,

should lie employed in tlie evening, when it

has naturally awoke from its deep day-slumber,

the hedgehog when it has awoke spontaneously

to take food ; otherwise the disposition to sleep

may explain the loss of temperature. We must

hesitate, therefore, in subscribing to the fol'ow-

ing conclusion of M. Edwards: " Nous voyons

* Animal <Econom)-, p. 114.
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que les cliauves-souris procliiisent liabituelle-

ment moins de chaleur que les animaux a sang

chaud, et que c'est priucipalement a celle cause

qu'il faui attribuer I'abaissement de leur tempe-

rature pendant la saison froide. En comparant

cette experience sur la chauve-souris adulte

avec celles que nous avons faites sur les jeunes

animaux a sang chaud, on y aperyoit un rap-

port remarquable ; ils ne produisent pas assez

de chaleur pour soutenir une temperature elevee,

lorsque I'air est a un degre voisin de zero.

Mais il y a cette difference, que c'est un
<;tat passager chez les jeunes animaux il sang

chaud, et qu'il est permanent chez les chauves-

souris.

" 11 est Evident que les autres mammifferes

hibernans doivent participer plus ou moins de
cette manifere d'etre. Les faits que j'ai exposes

suffisent pour nous faire considerer ce groupe

d'animaux sous le point de vue suivant; qu'au

priutemps et en ete, dans leur <5tat d'activite et

de veille, lorsque leur temperature est assez

^levee pour ne pas difierer essentiellement de

celle qui caracterise les animaux a sang chaud,

ils n'ont pas la feculte de produire autant de
chaleur ; et tout en admettant que d'autres

causes peuvent influer sur leur refroidissement

pendant leur hibernation, il faut ce|>endant

I'attribuer en grande partie a cette particularity

«]e leur constitution." *

There are, in fact, these diflferences between

the t/oung Sinii the Itibernutirig animal: 1. the

former cannot, when exposed alone to severe

cold, maintain its own temperature ; if the lat-

ter appears to be in the same case, it is only

because it has become affected with its peculiar

lethargy; in itsstaleof wakefulness and activity

it maintains its usual elevated temperature in

the same manner as other adult animals ; 2. the

young animal, in losing its temperature, be-

comes affected, not, likethe hibernating animal,

with lethargy, but with torpor, a totally diffe-

rent and a pathological condition wiiich gene-

rally proves fatal. I must conclude these re-

marks by observing that I think the eminent

physiologist whom I have quoted has assimi-

lated the condition of the very young animal

and the adult hibernating animal erroneously.

The mere phenomenon of loss of temperature

is the same ; but the rationale of this pheno-

menon, its causes and its effects, are totally

diflferent.

III. Ofperject hibernation.—I now proceed

to treat of perfect hibernation, of its causes, and

of its effiects on the various functions which I

have enumerated. My observations will con-

sist principally of a detail of a series of obser-

vations and experiments made in the course of

the year 1831-1832, compared with the results

obtained by other inquirers.

1 consider that there is one special cause of

hibernation,—tliat law imposed by the Creator,

according to which all animals become afl^ected

with sleep at some period of each revolving

day, and tlie hibernating animal at some period

of the revolving year. We have thus presented

to us the phenomena of diurnal and nocturnal

• Dcs Agcns Physiques, p. 155.

animals, and the winter-sleep and the summer-
sleep of hibernating animals.

Exposure to cold, not too severe, disposes to

hibernation, as it disposes to ordinary sleep.

Severe cold, on the contrary, first rouses the

hibernating animal from its lethargy, and then

])lunges this and all animals into a state of fatal

torpor.

The absence of every kind of stimulus or ex-

citant, and a somewhat confined atmosphere,*

also conduce to hibernation.

Every excitement, on the contrary, that of

hunger, tliat of the sexes probably, tend to dis-

turb this peculiar lethargy. It is in this man-
ner that we explain the periodicity of sleep and
hibernation, though there is probably also some
hiddi;n influence of the seasons, of the day or

of the year, influences which have been traced

by Dr. Prout and by M. Edwards in regard

to the quantity of respiration.

I now proceed to treat of the condition of the

several functions in hibernation.

Tlie process of siiiiguification is, in some
hibernating animals, nearly arrested ; in others,

it is entirely so.

There is much diff'erence in the powers of

digestion, and in the fact of omitting to take

food, in the hibernation of different animals.

The bat, being insectivorous, would awake in

vain ; no food could be found : the hedgehog
might obtain snails or worms, if the ground

were not very hard from frost : the dormouse
would find less difficulty in meeting with grain

and fruits. We accordingly observe a remark-

able diff'erence in the habits of awaking from

their lethargy or hibernation, in these different

animals.

I have observed no disposition to awake at all

in the bat, except from external warmth or excite-

ment. If the temperature be about 40° or 45°,

the hedgehog, on the other hand, awakes, after

various intervals of two, three, or four days
passed in lethargy, to take food ; and again re-

turns to its state of hibernation. The dor-

mouse, under similar circumstances, awakes
daily.

Proportionate to the disposition to awake
and take food, is the state of the functions of

the stomach, bowels and kidneys. The dor-

mouse and the hedgehog pass the fa;ces and
urine in abundance during their intervals of
activity. Tl« bat is scarcely observed to have

any excretions during its continued lethargy.

In tlie dormouse and the hedgehog, the sense

of hunger apjiears to rouse the animal from its

hibernation, whilst the food taken conduces to

a return of tlie state of lethargy. It has already

been observed, that there are alternations be-

tween activity and lethargy in this animal, with

the taking of food, in temperatures about 40°

or 45°. Nevertheless, abstinence doubtless con-

duces to hibernation, by rendering the system

• M. de Saissy observes. " la marmotte, que j'ai

angourdie par deux fois ditferentes, ne I'a ete, je
crois, que parceque je me suis avise, quand la re-

spiration a ete bien aifaiblie, de boucher le trou du
couvcrcle. Ce n'a ete que de cette uianicrc que je

suis parvenu a I'engourdir; car routes les (entalivcs

que j'avais faites avant ont eto vaincs."
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more 'susceptible of llie influence of cold, in 5-8 cubic inches of oxygen gas in one hour

iniJuciii).' sleep and llie loss oftemiKTatui-e. The when in a slate of activity. In an inlerme<liate

hed^ehojr, which awakes from its liil)cmation, condition, it removed one cubic inch of oxygen

and does not eat, returns to its lethargy sooner in two hours and forty minutes,

than the one which is allowed food. I repeated this experiment on February the

The rcsinratiim is very nearly suspended in 18th. A bat, in a state of perfect hibernation,

hilxjrnatioii. That this function almost ceases, was placed in the pnt-umatomeler, and remained

is proved, 1st, by the absence of all detectible in it during the s|iace of twenty-four hours,

respiratory acts ; 'idly, by the almost entire ab- There was now the indication of a very slight

sence of any chansje in the air of the pneuma- absorption of gas, not, however, amounting to

tometer; 3dly, by the subsidence of the tem- a cubic inch.

pmture to that of the atmosphere ; and 4thly, On I'ebruary the 22d, I repeated this expe-

by the capability of supporting, for a great riment once more, continuing it during the

length of lime, the entire privation of air. space of sixty hours ; the thermometer de-

1. 1 have adopted various methods to ascer- scended gradually, but irregularly, from 41° to

tain the entire absence of the acU of respiration. 38°; the result is given in the subjoined Uble.

1 placed bals in small boxes, divided by a par- External Abjorp- Dur»-
tition of silk riband, the cover of which con- Date Temperature, tion. lion,

sisted of glass, and in the side of which a small Feb. 22 11 p.m 41°

hole was made to admit of placing a long light 23 11 a.M 38^.... •8....12h
nxl or feather under the animal's stomach. The 11 v.H SOJ. ...'TS... . 12

le;ist respiratory movement caused the extremity 24 11 a.m 38 .... "5. . . . 12

of this rod to |«ss through a considerable sjjace, 11 p.m 39 ....'75.... 12

so that it became ))eifectly apparent. 25 IIa.m 38 .... '6.... 12

Over the hibernating hedgehog I placed a "T^ 'TT

similar rod, fixing one extremity near the ani-

mal, and leaving the other to move freely over From this experiment it appears that 34
an index. During hibernation not the slightest cubic inches of oxygen gas disapfieated in sixty

movements of these rods could be observed, hours, from the respiration of a bat in the slate

although they were diligently watched. But of lethargy. It has been seen tliat in a state of
the least touch, the slightest shake immediately activity, an equal quantity of this gas disap-

caused the bat to commence the alternate acts peared in less than half tliat number of minutes,

of respiration, whilst it invariably produced the Tlie respiration of the hibernating bat descends
singular effect of a deep and sonorous inspira- to a sub-reptile state ; it will be seen shortly

tion in the hedgehog. It is only necessary to that the irritability of the heart and of the mus-
toucli the latter animal to ascertain whether it cular fibre generally, is proportionably aug-
be in a state of hibernation or not : in the mented.
former case there is this deep sonorous inspira- In this experiment it is probable that the

tion ; it) the latter, the animal merely moves lethargy of the animal was not quite complete,
and coils itself up a little more closely than Should the temperature of the atmosphere fall,

before. After the deep inspiration, there are a and continue at 3'2°, I shall agiiin repeat it

few feeble i'espiratiotis,and llien total quiescence, under these circumstances. The respiration

The bat makes similar respirations without the will probably be still mote nearly suspended.
dec|) inspiration, and then relapses into sus- It is important to remark, that the registra-

pended res|)iration. tion of the quantity of absorption in these expe-
2. As the acts of respiration are nearly sus- riments was not begun until several hours after

peiided during hibei-nation, so are the changes the animal had been inclosed within the jar of
induced in the atmospheric air. the pneumatometer, so that tlie absorption of
On January the 28th, the temiierature of the the carbonic acid always present in atmospheric

almos|)here being 42°, I placed a bat in the air was excluded from the result,

most perfect state of hibernation and undis- It may be a question whether the slight

liirbcd quiet, in the pneumatometer, during the quantity of respiration I have mentioned be
whole night, a space of ten hours, from 1 h. 'JOm. cutaneous. The absence of the acts of respira-

to Uh. 30m. There was no perceptible absoip- tion would lead us to this opinion. But it may
tion of gas. he observed, that these acts have not been

Having roused the animal a little, I replaced watched, and can scarcely be watched continu-
it in the pneumatometer, and continued to dis- ously enough, to determine the question of
lurl) it from time to time, by moving the appa- their entire absence. Some contrivance to as-

ratus. It continued inactive, and between the certain whether tlie rod has moved along the

hours of Ih. iOm. and 4h., there was the absorp- index during the absence of the observer would
tion of one cubic inch only of gas. resolve every doubt u]X>n this interesting point.

Being much roused at four o'clock, and re- And I think it right to remark, that after the

plact'd in the pneumatometer, the bat now con- apparent total cessjition of respiration, as ob-
timied moving about incessantly; in one hour, sencd by the means which have just been de-
five cubic inches of gas had disappeared. It scribed, diere is probably still a slight diaphrag-
was then removed. A further absorption took matic breathing. I am led to this conclusion,

place of -8 of a cubic inch of g;is. by having observed a slight movement of the

Thus the same little animal, which, in a state flank in a favourable light, unattended by any
of hibernation, passed ten hours without respi- motion of the thorax or epigastrium,
ration, absorbed or converted into carbonic acid, 3. Much precaution is required in ascertain-

VOL. II, 3 E
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ing the comparative temperature of llie animal

Willi tlial of llie atiiiospliere. Tlie slightest ex-

citement induces a degree of respiration, with

the consequent evolution of heat.

The plan which is best adapted to determine

this question in regard to the bat, and which I

have adopted, together with every attention to

preserve the animal quiet and undisturbed, is

the following : a box was made of mahogany,
with a glass lid, divided horizontally at its mid-

dle part, by a fold of strong riband, and of

such dimensions as just to contain the animal.

The bat was placed upon the riband, and in-

closed by fixuig the lid ni its place. Being

lethargic, it remained in undisturbed quiet. A
thermometer, with a cylindrical bulb, was now
passed through an orifice made in the box on a

level with the riband, under the epigastrium of

the animal, and left in this situation. This

arrangement is made obvious by the subjoined

wood-cut, (fig. 306,) which also displays the

mode of examining the circulation.

Fig. 306.

It was only now necessary to make daily ob-

servations and comparisons between this ther-

mometer and another placed in the adjacent at-

mospheric air. The layer of silk, and the por-

tion of air underneath, protected the animal
from the immediate influence of the tempera-
ture of the table, on which the box was placed.

Tlie following table gives the result of obser-

vations made during many days, in very vary-

ing temperatures.

Temperature of Temperature
Date. the Atmosphere, of the Animal.

Jan. 6 11 P.M 40 40i
7 8 P.M 43 43
8 41 414
9 11 P.M 47 46
10 10 A.M 46 46
— 12 midnight.. 47 47
11 10 P.M 45 45
12 11 P.M 45 45
13 11 P.M 37 37J
14 11 A.M 37 37— 11 P.M 40 40
15 2 P.M 37 37— 11 P.M 35 35
16 11 P.M 37 37
17 11 P.M 42 42
18 11 A.M 40 40
19 10 P.M 36 36
20 11 P.M 39 39
21 11 r.M 40 40
22 II P.M 44 44
23 10 A.M 42i 42J— 11 P.M 40i 404
24 11 P.M 434 434
25 10 P.M 42 42
26 IOp.m 41 41

27 IOp.m 37 37
28 11 A.M 344 344— 11 P.M 37 37
29 11 A.M 42 42
— 11 P.M 43 43
30 11 P.M 42 42
31 11 P.M 394 39J

From this table it is obvious tliat the tempe-
rature of the hibernating animal accurately fol-

lows that of the atmosphere. When the changes

of temperature in the latter are slight, the two
thermometers denote the same temperature. If

these changes are greater and more rapid, the

temperature of the animal is a little lower or

higher, according as the external temperature

rises or falls ; a little time being obviously re-

quired for the animal to attain that temperature.

Similar observations were made during the

first three days of February. On the 4th, how-
ever, the temperature of the atmosphere rose to

50 J°; that of the animal was now 82°, and there

was considerable restlessness. On the 6th, the

temperature of the atmosphere had fallen to

474 , and tliat of the animal to 48°, whilst there

was a return of the lethargy.

After this period there were the same equal
alterations of temperature in the animal and in

the atmosphere, observed in the month of
January.

It is only necessary to add to these observa-

tions, that the internal temperature is about
three degrees higher than that of the epigas-

trium. In two bats, the external temperature

of each of which was 36°, a fine thermometer,

with an extremely minute cylindrical bulb,

passed gently into the stomach, rose to 39°.

The following experiments, made by the

celebrated Jenner, illustrate this point

:

" In the winter, the atmosphere at 44°, the

heat of a torpid hedgehog at the pelvis was 45°,

and at the diaphragm 48i°.

" The atmosphere 26°, the heat of a torpid

hedgehog, in the cavity of the abdomen, was
reduced so low as 30°.

" The same hedgehog was exposed to the

cold atmosphere of 26° for two days, and the

heat of the rectum was found to be 93°; the

wound in the abdomen being so small that it

would not admit the thermometer.*

• The animal had become lively. Sec Unntec
on the Animal (Economy, p. 113.
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" A comparative experiment was made with

a puppy, tile atmosphere at 50° ; the heat in

the pelvis, as also at the diaphragm, was 102°.

"In summer, the atmosphere at 78°, the

heat of the hedi^eliot;, in an aetive stale in the

cavity of the abdomen, towards the [)elvis, was
95° ; at the diaphragm, 97°." *

There is an error in the admirable work of
M. Edwards, as 1 have already state<l, in rela-

tion to the present subject, which it is important

to point out. M. Edwards first a.scertained the

interesting fact, that the very young of those

species of animals which are born blind, lose

their temjierature if removed from the contact

of their parent ; and justly concludes that they

have not sufficient [xjwer of cvolvmg heal, to

maintain their natural temperature when so ex-

posetl. M. I'.dwards then subjected hiberna-

ting animals lo the action of cold, and observ-

ing that their lemjierature also fell, he concludes

that they, like the very young animal, have not

the faculty of maintaining their temperature

under ordinary circuinstances.f

It is remarkable that this acute physiologist

did not |)erceivc the error in this reasoning. In
no instance docs the young animal maintain its

warmth, when ex(X)sed alone to the influence

of an atmosphere of moderate temperature.

Can this be said of the hibernating animal ?

Certainly not. In ordinary temperatures, the

hibernating animal maintains its activity, and
with its activity, its temperature. The loss of

teinjierature in this kind of animal is an in-

dnced condition, occasioned by sleep.

There is a point unnoticed in M. Kdwards's
cxpt'riment. It is the condition of the bat in

regard to activity or letharsry under the exposure

to cold ; and upon this the whole phenomena
depend.

The differences between the young animal
benumbed, and the hibernating animal lethargic,

from cold, are both great and numerous. I

purjxjse to point them out particularly on a
future occasion.

4. It is in strict accordance with these facts,

that the lethargic animal is enabled to bear the

total abstraction of atmospheric air or oxygen
gas, for a considerable jieriod of time.

S[)allanzani placetl a marmot in carbonic acid

gas, and makes the following report of the ex-

jxjrimcnt in a letter to Senebier : " Vous vous
lessouviendrez de ma marmotte qui fut si forte-

menl Icthargique dans I'hiver s^-vfere de 1795
;

je la tins alors pendant quatre heiires dans le

gaz acide carbonique, le thermomfctre marquant
— 12°, elle conlinua de vivre dans ce gaz qui
est le plus mortel de tous, comme je vous le

disais : au moins un rat et un oiseau que j'y

playai avec elle y porirent a I'nislant mfiine. II

parait done que sa respiration fut susjiendue

(tendant tout ce tenis-l&. Je souniis k la m£me
experience des chauve-souris semblablement
U'thargiques, et le rcsultat fut le mcnie."!

• Ihid. p. 112.

t Hi'S Agrns DiysiqneA, p. 155.

I M<-moirrs siir fa ilespiration, par Lazare Spal-
lanzani, traduitcfl en Fran^ais, d'aprvs son uianu-
•ciit iui-dit, par Jean Senebier, p. 75.

A biit which was lethargic in nn atmosphere

of 3G°was immersed in waterof 41°. It moved
aliout a little, and cxpelle<l bubbles of air from

its lungs. It was kept in the water during six-

teen minuter, and then removed. It appeared

to be uninjured by the experiment.

A hedgehog which had been so lethargic in

an atmosphere of 40° as not lo awake for food

during several days, was immersed in water of

42°. It moved aliout and expelled air from its

lungs. It was retained under the water during

22J minutes. It was then removed. It ap-

peared uninjured.

it seems probable that the motions observed

in these animals were excited through the me-
dium of the cutaneous nerves.

The power of supporting the alwtraction of

oxygen gas, or atmospheric air, belongs solely

to the hibernating state, and is no property of

the hibernating animal in its slate of activity.

After having found that the dormant bat, in

summer, supported immersion in water during

eleven minutes, uninjured, I was anxious to

know whether the active hedgehog possessed

the same power. I immersed one of these ani-

mals in water. It expired in three minutes,

the period in which immersion proves fatal to

the other mammalia. Sir Anthony Carlisle

has, therefore, committed an error, somewhat
similar to that of M. E<lwards, when he asserts

that " animals of the class Mammalia, which

hibernate and become torpid in winter, have at

all times a power of subsisting under a confined

respiration, which would destroy other animals

not having this peculiar habit. * The power

of bearing a suspended respiration is an in-

duced state. It depends upon sleep or lethargy

themselves, and their effect in impairing or sus-

pending respiration ; and upon the peculiar

power of the left side of the heart, of becoming
veno-contractile under these circumstances.

Tlie circulation is reduced to an extreme de-

gree of slowness, according to a law well-

known, but hitherto, I believe, unexplained,

according to which the respiration and the cir-

culation are always proportionate to each other.

The wing of the bat aflords an admirable op-
portunity of observing the condition of the cir-

culation during hibernation. But it requires

peculiar management. If the animal be taken

from its cage, and the wing extended under the

microscojie, it is roused by the operation, and
its respiratory and other movements are so ex-

cited, that all accurate observation of the condi-

tion of tlie circulation in the minute vessels is

completely frustrated. Still greater caution is

required in this cose than even in the observa-

tion of the respiration and temperature.

After some fruitless trials, I at length suc-

ceeded ])crfectly in obtaining a view of the mi-

nute cireulation undisturbed. Having placed

the animal in its state of hibernation, in a little

box of mahogany, 1 gently drew out its wing

through a crevice made in the side of ihe lx)x
;

I fixed the tip of the extended wing between

portions of cork ; I then attached the box and

the cork to a piece of plate-glass ; and lastly, I

• Phil. Trans. 1805, p. 17.
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left (lie animal in this situation, in a cold atmo-
spliere, to n.-sunie its lethargy. {Hcejig. 306.)

] could now quietly convey the animal ready

prepared, and place it in the field of the micro-

scrope without disturbing its slumbers, and
observe the condition of the circulation.

In this manner 1 have ascertained that,

although the respiration be suspended, the cir-

culation continues uninterruptedly. It is slow

in the minute arteries and veins ; the beat of

the heart is regular, and generally about twenty-

eight times in the minute.

We might be disposed to view the condition

of the circulation in the state of hibernation as

being reptile, or analogous to that of the batra-

chian tribes. But when we reflect that the re-

spiration is nearly, if not totally, suspended,

and that the blood is venous,* we must view

the condition of the circulation as in a lower

condition still, and, as it were, sub-reptile. It

may, indeed, be rather compared to that state of

the circulation which is observed in the frog from

which the brain and spinal marrow have been

removed by minute portions at distant inter-

vals.

f

In fact, in the midst of a suspended respira-

tion, and an impaired condition of some other

functions, one vital property is augmented.
This is the iixitability, and especially the irrita-

bility of the left side of the heart. The left

side of the heart, which is, in the hibernating

animal, in its state of activity, as in all the

other mammalia, only arterio-contractile, be-

comes veno-contractile.

This phenomenon is one of the most remark-

able presented to me in the whole animal king-

dom. It forms the single exception to the

most general rule amongst animals which pos-

sess a double heart. It accounts for the possi-

bility of immersion in water or a noxious gas,

without drowning or asphyxia ; and it accounts

for the possibility of a suspended respiration,

without the feelmg of oppression or pain,

although sensation be unimpaired. It is, in a

word, this peculiar phenomenon, which, con-

joined with the peculiar eft'ect of sleep in in-

ducing diminished respiration in hibernating

animals, constitutes the susceptibility and capa-

bility of taking on the hibernating state. On
the otiier hand, as the rapid circulation of a

highly arterialized blood in tlie brain and spinal

marrow of birds probably conduces to their

activity, the slow circulation of a venous blood

doubtless contributes to the lethargy of the

hibernating animal.

I need scarcely advert to the function of

defactUkm. It has already been briefly noticed

under the head of sanguification, with which it

proceeds puri passu.

In regard to the net-vom system, I can only

repeat that scnsulion and vulition are quiescent.

• M. Prunelle observes, ** En comparanl le sang

de deux chauve-soiiris auxquelles j'avois ouvert les

carotides, a I'liue pendant son engourdissenient et

a I'autre dans Tclat de vcille, j'ai trouve celui de
la derniere bcaiicoup pUis vermeil." Annales du
Museum, tome xviii. p. 28.

t Essay on the Circulation* pp. 136-141.

In n-.y memoir upon the subject of hibernation,*

I committed an error relative to this subject.

But I am now satisfied that what 1 considered

to be evidences of an unimpaired sensibility,

were phenomena ofthe e.rfi(i>-;«()tori/kind. Thus
I have observed that the slighest touch applied

to one of the spines of the hedgehog immedi-

ately rouses it to draw that deep inspiration of

which I have spoken. The merest shake in-

duces a few respirations in the bat. The least

disturbance, in fact, is felt, as is obvious from

its effect in inducing motion in the animal.

It is from the misconception on this point

that the error has arisen, that the respiration is

not absolutely suspended in hibernation. This

function has been so readily re-excited, that it

has been considered as appertaining to the state

of hibernation.

As I have already stated, the cerebral func-

tions sleep, the true spinal functions retain their

wonted energy; and if the respiration be nearly

suspended, it is because little carbonic acid, the

excitor of respiration, is evolved.

In the midst of a suspended or partiilly sus-

pended respiration, the irritabiliti) of the mus-
cular fibre becomes proportionately augmented.

The single fact of a power of sustitining the

privation of air, without loss of life, leads alone

to the inference tliat the irritability is greatly

augmented in the state of hibernation. This

inference flows from the law already stated,

and the fact is one of its most remarkable illus-

trations and confirmations.

It might have been inferred from these pre-

mises, that the beat of the heart would continue

longer after decapitation in the state of hiber-

nation than in the state of activity in the same
animal ; an inference at once most singular and
correct.

This view receives the fullest confirmation

from the following remarkable experiment : on
March the 9th, soon after midnight, I took a
hedgehog which had been in a state of uninter-

rupted lethargy during 150 hours, and divided

the spinal marrow just below the occiput; I

then removed the brain and destroyed the

whole spinal marrow as gently as possible.

The action of the heart continued vigorous

during four hours, when, seeing no prospect of

a termination to the experiment, I resolved to

envelope the animal in a wet cloth, and leave

it until early in the morning. At 7 o'clock

A.M. the beat of both sides of the heart still

continued. Tliey still continued to move at

10 A.M., each auricle and each ventricle con-

tracting quite distinctly. At half-after 1 1 a.m.

all were equally motionless
;

yet all equally

contracted on being stimulated by the point of

a penknife. At noon the two ventricles were

alike unmoved on being irritated as before; but
both auricles contracted. Both auricles and
ventricles were shortly afterwards unirritable.

This experiment is the most extraordinary of

those which have been performed upon the

mammalia. It proves several interesting and
important points : 1. That the irritability of the

heart is augmented in continued lethargy in an

• I'hil. Trans, for 1832.
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extraordinary degree. 2. That tlie irritability

of tlie left side of the heart is then little, if at

all, less irritable than the right,— that it is, in

feet, veno-conlractile. 3. That, in this condi-
tion of the animal system, the action of the

heart continues for a considerable period inde-

pendently of the brain and spinal marrow.
On April the 20lh, at six o'clock in the even-

ini;, the tenii)erature of the atmosphere beinij

53°, a comparative experiment was made npon
a hed'j:elio;; in its state of activity : the spinal

marrow was simply divided at the occiput; the

beat of the right ventricle continued upwards
of two hours, that of the left ventricle ceased
almost immediately; the left auricle ceased to

beat in less than a quarter of an hour; the right

auricle also ceased to beat long before the right

ventricle.

In further proof of the same fact, I may here
adduce a remarkable paragraph from the paper
of Mangili in the Annales du Museum:*
" J'ohservai il jieu prfcs les memes choses dans
une autre marmotte en Icthargie, que je deca-
pitai le 22 de Mars 1807. Mais en ouvrant
celle-ci, j'avois deux objets : le premier, d'ex-

aminer I'rtat d€s viscfcres les plus importans,
comme le cueur, les poumons et le cerveau. Le
second ^toit de voir comment precedent les

phtinomcnes de I'irritabilitc musculaire
; |>arce

qu'ayant entendu dire il un c<;lfcbre naturalisle,

que I'engourdissement avoit pour cause I'alt^ra-

tion oil la sus|>ension de cette irritability, il

in'imjiortoit de savoir si cette assertion eloit

vraie. Dans la chambre oil se trouvoit la mar-
motte, le thermomttre <!toit a 6 degr^s et demi

:

I'ayant introdnit dans le bas ventre, il monta
d'uii denre, c'est-ii-dire it 7 degrv's et demi.

" Je trouvai les poumons dans leur ^•tat na-
turel. Le cceur continua a battre iiendant plus
de trois heures. Les jnilsations, d'abord vives

et frequentes, s'affoiblirent et se ralentircnt peu-
il-peu. J'en avois compte de seize ik dix-huit

])ar minute an commencement de la premifcre

beure ; it la fin de la troisifcme je n'en comptois
plus que trois dans le milinie temps. Les
veiiies du cerveau me parurent gonHees de
sang.

" I^ tcte unie au cou ayant 6l6 separ^e du
tronc, je la mis dans un va.se avec de I'esprit-

de-vin, etj'y remarquai, mfimeapros une demi-
heure, des niouvemens assez sensibles. Ve fait

prouve, ainsi que plusieurs autres dont je par-
lerai bientot, que si dans I'tlat de lethargic

conservatrice la vie est beaucoup moms eiier-

gique, le prinei|)e vital repandu dans les diver-
se* parties, a beaucoup plus de tenacite, et

taide bien plus a sVteindre.
" Je separai du corps de I'animal plusieurs

inorceaux des muscles qui ob<;issent a la vo-
lonte, et je vis avec etonnemeiit que, trois

heures aprfes la mort, ils se coutractoient fortc^

menl cliaque fois que je les soumettois ;"i I'ac-

tion g-alvanique. Ces mouvemens convulsifs

lie .se ralentirent qu'au bout de quatre heures.
" 11 suit de lii que les inarniottes tuees [>en-

danl ipi'elles sonten lethargic, prescntent, rela-

tivenieiit a rirritabilitc, a pcu prts les mOmes

• Tome X. p. 403-456.

ph^nombnes qu'on remarqiie dans plusieurs
animaux it sang froid.

" Pour savoir ensuite si les phdnomi^ncs d'ir-

ritabilite etoient les memes dans Ictatde veille

et dans celui de Icthanjie, le 25 de Juin, j'ai

fait perir, prccis^iment de la mOme maniSre,
une seconde marmotte qui ctoit dveilli^e depui.s

deux mois, et qui faisoit de frequentes courses
dans le jardin. Mon thermomfctre marquoit
cejour-lii ISdegrC-s: I'ayant introdnit dans le

ventre de la marmotte au moment oii je venois
de la decapiter, il s'^leva il 29 degrds.

" Ayant mis le cteur h decouvert, comme jc
I'avois fait dans mon experience du mois de
Mars, je comptai d'abord vingt-sept ou vingt-

huit pulsations par minute. Ce nombre n'etoit

plus que de douze au bout d'un quart d'lieure,

et de huit, au bout de demi-heure : dans le dix
minutes suivantes, il n'y eut plus que quatre
pulsations trbs-foibles par minute, et elles ces-
sfcrent totalement dans les dix demiferes minutes,
c'est-ii-dire cinquante minutes apres la mort de
I'animal; land is que le coeur de la marmotte
tuce dans I'etat de K'thargie, donnoit encore
quatre legferes pulsations par minute, trois

heures aprts que la tete avoit etd sdparde du
corps. Cette grande difference prouve que le

f)rincipe de I'lrritabilitd s'accumule pendant la

lithargie conservatrice.

" Les chairs musculaires me semblirent plus
pilles que celles de la marmotte en lethargie :

elles Etoient d'abord trbs sensibles & Taction
galvanique; mais ses signes d'irritabilitd s'affoi-

blirent et disparurent bien plus rapidement.
F.n effet, les chairs musculaire* de cette mar-
motte dtoient peu sensibles au bout de deux
heures, tandis que dans la marmotte tuce en
hiver elles se coutractoient fortemenl au bout
de trois heures, et que I'lrritabiliti' ne s'affoiblit

notablcment que quatre heures aprbs la mort.
" Les chairs des muscles intercostaux et

abdominaux conservferent leur sensibilitc au
stimulus 61ectrique quclques minutes de plus
que celles des menibres ; d'oil Ton peut con-
clure que le principe de I'irritabilitc se conserve
d'avantage dans certaines parties du meme ani-

mal. Mais ce qui est prouve jusqu'a I'evidence,

c'est que ce princii^e a bien plus de tenacite

dans les chairs de I'animal tuc pendant I't'tat

de lethargie, que dans celles de I'animal tu6
pendant I'etat de veille."

This author does not appear to have had any
apprehension of the extreme importance of thin

extraordinary change in the irritability, but
merely states it as a fact. Ils due value can
only be known by observing the dependence of
the functions of life on that law of the inverse

condition of the respiration and of the irritabi-

lity, of which so much has already been said.

In the hilwrnating animal the respiration is

nearly suspended ; had not the irritabilitv be^

come proportionately augmented, the actions of
life must have ceased I

I must add one remark upon the molililif of
the muscular fibre in hil)ematioii ; it is unim-
paired. Those physiologists who have asserted

the contrary, have, as will be shown shortly,

mistaken the phenomena of torpor from cold»

for those of true hibernation.
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If tlie hedgehog in a state of the most perfect

lethargy, unconipljcated witli torjwr, be touclied,

its respiration is resumed, and it coils itself up
more forcibly than before. The dormouse, in

similar circumstances, unfolds itself; and the

bat moves variously. Not the slightest stiffness

is observed. The hedgehog, when roused, walks
about, and does not stagger, as has been asserted.

The bat speedily takes to the wing, and flies

about with great activity, although exhaustion
and death may subsequently result from the

experiment. The phenomena are similar to

those of awaking from natural sleep. Impaired
motility, stiffness, lameness, &.c. belong to tor-

por, and not to true hibernation.

III. Oj' reviviscence.— Not the least inte-

resting of the phenomena connected with hiber-

nation are those of reviviscence. Hibernation

induces a state of irritability of the left side of
the heart, which, with high respiration and an
arterialized blood, would be incom|)atible with
life. Respiration suddenly restored, and per-
manently excited, is, therefore, as destructive as

its privation in other circumstances.

AH those bats which were sent to me from
distant parts of the country died. The conti-

nued excitement from the motion of the coach
keeping them in a state of respiration, the ani-

mal ))erished. One bat had, on its arrival,

been roused so as to fly about. Being left

quiet, it relapsed into a state of hibernation.

The excitement being again repeated the next
day, it again flew about the room ; on the suc-
ceeding day it was found dead.

It is in accordance with this law, that we
observe hibernating animals adopting various

measures to secure themselves from frequent
sources of disturbance and excitement. They
choose sheltered situations, as caverns, burrows,
&c. secure from the rapid changes and the in-

clemencies of the weather and season. Many
form themselves nests ; others congregate toge-
ther. The hedgehog and the dormouse roll

themselves up into a ball. The common bat
suspends itself by the claws of its hinder feet,

with its head dependent, generally in clusters

;

the horseshoe bat (Jerrum equ'mum) spreads its

wings so as to embrace and jirotect its fellows.

All these circumstances are obviously de-
signed to prevent disturbed hibernation.

In the depth of caverns, and other situations

sheltered from changes of temperature in the

atmosphere, the calls of hunger are i)robably

the principal cause of reviviscence in the spring.

The other causes of reviviscence are the return

of warmth and external excitements : it is inte-

resting to observe and trace the gradual return

of respiration in the former case, and of the

temperature of the animal in the latter.

If the hibernating hedgehog be touched even
very gently, it draws a deep breath, and then
continues to breathe for a short time. If this

excitement be repeated, the animal is perma-
nently roused, and its temperature raised. If
the temperature of the atmosphere be augment-
ed, the respiration is gradually excited, and the

animal is gradually restored to its slate of
activity.

If a hibernating animal be excited in a ^ery

cold atmosphere, its temjjerature rises variously,

and then falls. A bat was perfectly lethargic

in a temperature of 36°. A fine thermometer,

with a cylindrical bulb, was introduced into its

stomach ; it rose to 39°. One hour after-

wards, the animal not being further disturbed,

the respiration was rapid, and the temperature

in the stomach 95°. Sliortly afterwards the

temperature was 90°. The minute circulation

was pretty good, and pulsatory in the arteries,

the heart beating from twenty-eight to thirty-

six times in the minute.

In another bat, in an atmosphere of the tem-

perature of 36°, tlie thermometer in the stomach

rose to 39°. The animal being continually ex-

cited, the temperature rose to 65°, but speedily

fell to 60°.

The animal excited and revived in this man-
ner is in a state of exhaustion and inanition. It

is incapable of maintaining its temperature if

exposed to cold, and will die unless it repass

into the state of hibernation. It may be com-
pared to the case of the mouse deprived of food

in the following experiment of Mr. Hunter.
" A mouse was put into a cold atmosphere of

1 3° for an hour, and then the thermometer was

introduced as before ; but the animal had lost

heat, for the quicksilver at the diaphragm was

carried only to 83°, in the pelvis to 78°.

" In order to determine whether an animal

that is awakened has the same powers, with

respect to preserving heat and cold, as one that

is vigorous and strong, I weakened a mouse by

fasting, and then introduced the bulb of the

thermometer into its belly ; the bulb being at

the diaphragm, the quicksilver rose to 97°; in

the pelvis to 95°, being two degrees colder than

the strong mouse : the mouse being put into

an atmosphere as cold as the other, and the

thermometer again introduced, the quicksilver

stood at 79° at the diaphragm, and at 74° in

the pelvis.

" In this experiment the heat at the dia-

phragm was diminished 18°, in the jielvis 21°.

" This greater diminution of heat in the

second than in the first, we may suppose pro-

portional to the decreased power of the animal,

arising from want of food.' *

But extreme cold alone, by a painful effect

induced on the sentient nerves, rouses the

hibernating animal from its lethargy, as has

been remarked already, and is illustrated by the

following experiments of Hunter. " Having

brought a healthy dormouse, which had been

asleep from the coldness of the atmosphere,

into a room in which there was a fire, (the

atmosphere at 64°,) I introduced the thermo-

meter into its belly, nearly at the middle, be-

tween the thorax and pubis, and the quicksilver

rose to 74° or 75° ; turning the bulb towards

the diaphragm, it rose to 80°
; and when I ap-

plied it to the liver, it rose to 81 J°.
" The mouse being placed in an atmosphere

at 20°, and left there half an hour, when taken

out was very lively, even much more so ihan

when put in. Introducing the thermometer

into the lower p;>rt of the belly, the quicksilver

• Animal (Ecoaomy, pp. 114, 115.
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rose lo 91°; and turning it up to the liver, to

93°.

" Tlie animal being replaced in llic cold

atmosphere at 30°, for an hour, the tliermome-

ter was uKain introduced into tlie belly ; at the

liver it rose lo 93° ; in the jMilvis to 92° ; the

mouse continuinc; very lively.

" It was again ]nit back into an atmosphere

cooled to 19°, and left there an hour; the ther-

mometer at the diaphragm was 87°; in the

pelvis 83°; but the animal was now less

lively.

" Having been put into its cage, the thermo-

meter being placed at the diaphragm, in two
hours afterwards was at 93°." •

In these experiments the anim;Us appear to

have been roused partly by the state of the

wound in the abdomen, but chiefly by the ex-

treme cold. They can scarcely, however, be

considered as experiments upon hibemntiun,

however interesting they may be in reference to

reviviscence from that state.

Tlie fact of the fatal influence of excited re-

spinition during the augmented irritability of

hibeniation, contrasted with the similar (atal

effect of suspended respiration, during the dimi-

nished irritability of the state of activity, will

illustrate many of the causes, kinds, and phe-

nomena of death. Do not theee resolve them-
selves, in fact, into irritability insufficiently or

excessively excited ?

IV. Oflorporfrom coU.—lt is highly im-
portimt, and essential to the present investiga-

tion to distinguish that kind of torpor which
may be i)roduced by cold in any animal, from

true hibernation, which is a property peculiar

to a few species. The former is attended by a
benumbed state of the sentient nerves, and a

stiffened condition of the muscles ; it is the

direct and immediate effect of cold, and even

in the hibernating animal is of an injurious and
fetal tendency; in the latter, the sensibility and
motility are unimpaired, the phenomena are

produced through the medium of sleep ; and
the effect and object are the preservation of

Striking as these differences are, it is certain

that the distinction has not always been made
by former observers. In all the experiments

which have been made, with artitici.il tempera-
tures es|K!cially, it is obvious tliat this distinc-

tion has been neglected.

Tnie hil)eriiatlon is induced by temperatures

only moderately low. All hibernating animals

avoid exiwsiire to extreme cold. They seek

some secure retreat, make themselves nests or

burrows, or congregate in clusters, and, if the

season prove unusually severe, or if their retreat

be not well chosen and they be exposed in con-

se<]uence to excessive cold, many become be-

numbed, stiffen, and die.

In our experiments upon hibernation we
should imitate nature's operations. Would any
one imagine that the following detail contained

the account of an experiment upon tliis sub-

ject ? " Le 31 Janvier," sjiys M. S;iissy, " h

trois heures du soir, la temperature atmospht-

* .luimal CEcoQomy, pp. Ill, 112.

rique dtant k 1°-2S au-dessous de zi-ro, celle

d'un h<5risson engourdi profondemeut it 3°"50

au dessus, j'enfermai ce quadruijfcde dans un

bocal de verre cntourc de toute piu-t d'line mix-

tion de glace et de muriate de soude. L'exc^s

du froid le r^veilla d'abord, mais trois heures

ont suffi pour le replonger dans une profonde

torpeur.
" J'avais place I'animal de manifcre que je

pouvais rep<'ter, autant que je le jugeais n^ccs-

saire, les experiences thermometnques. Dfes

que sa temperature eut baisse jusqu a zero, (ce

ne fut qu'a 2 heures du matin) je le retirai du
bocal et le placai dans une temperature de 12°

et plus au dessus de la glace ; mais I'aninm!

etait mort." •

To induce true hibernation, it is quite neces-

sary to avoid extreme cold ; otherwise we pro-

duce the benumbed and stiffened condition to

which the term torjwr or torpidity may be

applied. I liave even observea that methods

which secure moderation in temperature, lead

to hibernation : hedgehogs, supplied with hay

or straw, and dormice, supplied with cotton-

wool, make themselves nests and become lethar-

gic ; when others, to which these materials are

denied, and which are consequently more ex-

posed to the cold, remain in a state of activity.

In these cases, warmth or moderated cold ac-

tually concur to produce hibernation.

When we read of insensibility, of a stiffened

state of the muscles, and of a cessation of the

circulation, as obtaining in hibernation, we may
be certain that a state of torpor has been mis-

taken for that condition. The actually hiber-

nating animal exposed to continued severe cold

is, as M. Saissy correctly observes, first roused

from this state of ease and preservation into a
painful activity, and then plunged into a fetal

torpor.

This subject will come to be considered in a
sulisequent part of this inquiry, in which I

purpose to trace the effects of cold in changing

the relative quantity of respiration and degree

of the irritability in animals of different ages

which do not hibernate ; in the meantime, the

accurate distinction between mere torpor, which
may occur in any animal, and which is a de-

structivestate, from true hibernation, which is

preservative, and the peculiarity of ccrUiin ani-

mals, will enable us to correct many inaccuracies

into which Legallois,"!- M. Edwards,J and other

physiologists have fallen. (See Irritabii.itv.)

In conclusion, one of the most general effects

of sleep is to impair the respiration, and with

that function the evolution of animal tempera-

ture. The impaired state of the respinitioii in-

duces a less arterial condition of the blood,

which then becomes unfit for stimulating the

heart; accumulation of the blood takes place

in the pulmonary veins and left auricle ; a
sense of oppression is induced, and the animal

is either roused to draw a deep sigh or awakes
altogether.

• Rcchftrthcs nnr Irs Animaax hibcmans, pa»
,M. J. A. Saissy, pp. 13, 14.

t (Eiivrcs (Ic T-enallois. Paris, 1824, p. 282,

{ Agcns I'Ujsiqiica, pp. 148, 292.
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Siitli are the phenomena in animals in which

tlic lieart has not the faculty of taking on an

augmented stateof irritability, with this lessened

degree of stimulus. But in those animals which

do possess this faculty, a property which con-

stitutes the power of hibernation, tlie heart con-

tinues the CHCulation of the blood, more slowly

indeed, but not less perfectly, although its arte-

rial character be diminished and its stimulant

property impaired. No repletion of the pul-

monary" veins and of the left auricle, no sense

of oppression is induced, and the animal is not

roused ; the respiration continues low, the tem-

perature falls, and the animal can bear, for a

short period, the abstraction of atmospheric air.

All the plienomena of hibernation originate,

then, in the susceptibility of augmented irritabi-

lity. The state of sleep, which may be viewed

as the first stage of hibernation, induces an im-

paired degree of respiration. This would soon

be attended with pain, if the irritability of the

heart were not at the same time augmented, so

as to carry on the circulation of a less arterial

blood, and the animal would draw a deep sigh

—would augment its respiration or awake.

Occasional sighs are, indeed, observed in the

sleep of all animals, except the hibernating. In

these, the circulation goes on uninterruptedly,

with a diminished respiration, by the means of

an augmented irritability, lliere is no stagna-

tion of the blood at the heart ; consequently, no

uneasiness; and the animal becomes more and
more lethargic, as the circulation of a venous

blood is more complete. This lethargy is even-

tually interrupted by circumstances which break

ordinary sleep, as external stimuli or the calls

of appetite.

It still remains for me briefly to discuss the

question,—what are the hibernating animals?

I must first advert to the fact, on which I have

already insisted, that hibernation does not pre-

sent itself in an equal degree in all the hiber-

nating tribes. All animals sleep periodically,

in the night or in the day. Some sleep for

several days together, especially after taking

food, and in the cool seasons of the year, as the

hedgehog. Perhaps the bat may be the only

animal which sleeps profoundly the winter

through, without awaking to take food.

These remarks prepare us for a more just

view of hibernation and of hibernating animals

than is, as I believe, usually taken.

Of the hibernating animals the most unequi-

vocal are the bat, the hedgehog, the marmot,

the hamster, the dormouse. It has been said

that the bear and beaver belong to the num-
ber, but this is extremely doubtful. It has

been said also that the swallow belongs to the

hibernating class, but this is incorrect. The

cold-blooded animals, the Chelonian, the Sau-

rian, ihe Ophidian, and the Batrachian tribes,

all, however, indubitably pass the winter in a

stale of apthy and lethargy. Some of the

fishes also become lethargic during the cold

season. The same remark applies to some of

the molluscous and insect tribes.

BinilOGiiAPHY. -H'Mi/ir, An.(Economy, Owen's

edition, p. 131. Loud. 1837. Spallamani, Mem.

8nr la Respiration, par Senebicr. Gencv. 1803

;

or Eng. translat. Eilinb. 1804. J)e Saisty, Rc-
cherchcsexp. surles Anim. Hivernans., Lyons, 1808,

MtiTtgilit Essai sur la Lethargic ppiiodique. Milan,
1807'. Edwardi, sur Ips Agens Physiques. Paris,

1824, or Dr. Hodgkin's English tiansl. Prunelle,

Rechcrchps sur les phcnoni. ct sur los causes du
sommeil hivcrnal. Ann. du Mus. t. xviii. Bertfwld,

Miiller's Archiv. 1837, p. 67. Miiller's Physiology,

passim.

( Marshall Hall.)

HIP-JOINT, NORMAL ANATOMY
OF (in human anatomy).—Fr. articuhUion

ilio-fetnora/e ; Germ. Hujt getenk.—This joint

belongs to the cUiss of euarthrodial or ball and

socket joints, being formed by the adaptation

of the head of the femur to the acetabulum of

the OS innominatum. These bones are con-

nected by a very powerful capsular ligament,

which again is completely covered by strong

and thick muscles, under the influence of which

the various motions of the joint are performed.

We propose to examine seriatim the sevenil

textures entering into the formation of this

joint, and lastly to consider the motions of

which it is susceptible.

The billies.—Of the two bones which in the

adult enter into the formation of this joint, the

OS innominatum contributes by the acetabulum,

and the femur by its head.

The acetabulum (cotyloid cavity : Germ, die

Pj'anne) is the cup or socket which receives the

head of the femur, and is admitted to be the

deepest articular cavity in the body. Prior to

the adult period of life this cavity serves as

the centre of union for the three bones of

which the os innominatum is formed, viz., the

ilium, ischium, and pubis. These, however,

do not enter equally into the acetabulum, ina-s-

much as the ischium contributes in tlie pro-

portion of rather more than two-fifths, the ilium

of about two-fifths, whilst the pubis yields ra-

ther less than one-fifth.

Although the acetabulum is situated nearly

in the centre of the separated os innominatum,

it has a difl'erent position in relation to the

entire pelvis. The union of the ossa innomi-

nata at the symphysis pubis, and the comple-

tion of the pelvis by the addition of the sacrum

jiosteriorly, place the acetabular cavities on

either side upon the antero-external aspect of

the pelvis, so that a line drawn horizontally

from the one to the other would pass through

the union of the anterior with the two posterior

thirds of the antero-posterior diameter of the

pelvis. The aspect of each acetabulum is out-

wards and very slightly foi'wards as well as

downwards.
I'ach cavity is surrounded for about four-

fifths of its circumference by a sharp but strong

lip or margin (siipercitmm acetubiili), leaving

opposite the obturator foramen a notch of

considerable extent Cincisura acetabnti) di-

rected from without downwards, forwards, and

inwards, the deepest part of which is smooth

and cives passage to nerves and vessels. This

notch corresponds to the junction of the pubis

and ischium; and we may here observe that

Ihe margin of the aceUbulnni exhibits a slight
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concavity superiorly, corresponding to the
junction of the pubis and ilium, and a similar

one infcriorly and externally, corres|H)nding to

tlie junction of tlic ilium and ischium. These
concavities are separated by intcrveninB; con-
vexities, and hence the margin of tlie acetabu-
lum has the ap|)earance of a waving line.

Immediately within the margin of the acetabu-
lum we perceive a broad band of smooth
bone (J'actes lunata) covered in the recent
state by articular cartilage, about seven-eighths
of an inch wide at its lower portion, or oppo-
site the ischium, an inch and a quarter to an
inch and a half superiorly and externally,

where it corresponds to the ilium, and from a
quarter to half an inch internally and superiorly

at the pubis. This band terminates at each
extremity of the notch already described in a
process (comu), the superior of which looks
downwards, outwards, and backwards, whilst

the inferior, more prominent than the superior,

projects towards the notch, forming a kind of
gutter between its sup<'rior margin, and the

deepest part of the notch. Internal to this

band, there is a depression, as it were a cavity

within the acetabulum, rough and uneven,
uninvested by cartilage in the recent state,

being continuous with the notch leading
towards the obturator foramen. This is the

fovea or Hnm, and lodges a quantity of fatty

cellular tissue formerly termed glands of Havers,
from their having been first described by that

anatomist. On the upper and lower portions

of this inner cavity, various inequalities and
foramina are seen, the latter being for the pas-
sage of the nutritious vessels of the bone,
which IS very thin at this point, so much so in-

deed, that if held up to the light, it will be
found transparent. The depth of tlie acetabu-
lum is not uniform in its different regions,

lliis variety corresponds in a great measure to

the breadth of tlie smooth band of bone
(t'ueies lunata) already described. Where
this is broadest, the cavity possesses the great-

est depth, and where it is entirely absent, the

cavity is very superficial, as opposite the notch.

The non-articular circumference of the lip

of the acetabulum is rough and marked by
foramina for the ])assage of nutritious vessels,

and also for the attachment of the capsular
ligament.

The head of the femur, representing about
three-fourths of a s|)heie, is supported and con-

nected to the shaft of that bone at an angle

varying with age, by a constricted and Hattened

process termed the neck. A waving prominent
line surrounds the head at its junction with the

neck, and may be regarded as the boundary
line between these two parts, leaving on its

inner side the articular surface of the head of

the femur, which is smooth, having in the

adult its greater convexity directed upwards
and inwards. At one point, however, the ar-

ticular character of this surface is interrupted

by a dei)ressioii, which is not covered with carti-

lage in the recent state.. This depression, situ-

ale<l iininodiately behind an<l below the point

throuiih which ttie axis of the head of the bone

would pass, gives insertion to the ligainentuni

teres.

2. The cartilage.—That portion of llie sur-

face of the acetabulum which corresponds

to the facies lunata is alone invested by articu-

lar cartilage. This cartilaginous layer is thick-

est at its external circumference, becoming
gradually thinner as it proceeds internally.

The head of tlie femur, on the other hand, is

nearly entirely incrusted with cartilage, which,

as is usual on convex surfices, is tliickest

towards its centre, where it is interrupted by the

depression for the ligamentum teres, and be-

comes progressively thinner towards the circum-
ference.

3. Fibro-cartilaee.—Immediately surround-
ing the margin of the acetabulum is a fibro-

cartilaginous ring about three lines broad, tri-

angular in sha|)e, having its base attached to

the brim of the cavity, whilst its apex is free.

This is the so-called cotyloid ligament (ligamen-

tum cotyloideum, fibro-cartilagineum, labium
cartitugiueum ncetubuti.) It clearly belongs to

the fibro-cartilages of circumference, and ia

the counterpart of the glenoid ligament in the

shoulder-joint (see Fidro-cartilace), and as

it completely removes the irregular character

of the margin of the acetabulum, it will be
found to be deepest where it corresponds to the

concavities of the acetabular border. Its free

border is sharp, and directed inwards, i. e.,

towards the centre of the joint, narrowing the

orifice of the acetabulum, at the same time that

it increases tlie depth of that cavity. Its fixed

margin constitutes its base, and is connected to

the brim of the acetabulum ; its external sur-

face covered by synovial membrane corres-

ponds to the capsular ligament, whilst its inter-

nal, also covered by synovial membrane, em-
braces the head of the femur. Having arrived

at the notch, it is continued over each comu of
the facies lunata, retaining somewhat of its

form, but much diminished in dimensions, and
having assumed much more the appearance of
pure cartilage than of fibro-cartilage. It ceases

at the point at which the concave margin of the

facies lunata becomes blended with tlie con-

vexity of each comu. It is not stretched

across the notch as some anatomists erroneously

describe it. The whole extent of this fibro-

cartilage, then, corresponds exactly to the con-

vex margin of the facies lunata.

4. Ligaments.—The notch of the acetabu-

lum is converted into a foramen, strengthened

and in a great degree closed by ligamentous

fibres arranged in two layers, and extended

from the superior to the inferior comu. The
whole forms the ligamentum transvertale arelu-

buli of W'inslow. Of these the external and

deepest arises from the suj)crior, and is inserted

into the inferior comu of the acetabulum. The
external surface of this layer, directed obliquely

backwards towards the cavity of the acetabulum,

corresponds and gi%es attachment to the liga-

mentum teres. Its internal surfac-e is applied

to the external layer ; its external marvin is

attached to the capsular ligament, and its inter-

nal superiorly to the pubis, but infcriorly it a
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free, and bounds a foramen for the passage of
vessels. Tlie internal layer of the transverse

ligament is attached below to the inferior cornu,

and above to the superior, wliere it ap)x?ars to

blend with the cotyloid ligament. Hy its exter-

nal surface it is in apposition with the external

layer of the transverse ligament, and its inter-

nal surface is directed towards the obturator

ligament and external obturator muscle. Some
fibres pass from its upper margin to the obtu-

rator ligament; but in greatest part this mar-
gin contributes to form the foramen already

described for the passage of vessels. Its infe-

rior margin affords attachment to the capsular

ligament.

Round ligament. ( Ligamentttm teres capitis

Jemoris scti Ugamentum inter-articulare.)—
This ligament, which was first described by
Vesalius, has very improperly received the

epithet round, inasmuch as in point of fact it is a
triangular fasciculus, about an inch and a half in

lengtli, having its base attached to the aceta-

bulum and its apex to the depression on the

head of the femur. It is most advantageously

placed for escaping injury in the various

motions of the joint, as, independently of its

corresponding to the soft cushion contained in

the excavation of the acetabulum, its direction

and attachments completely remove it from all

danger on this score. It is attached by the

superior portion of its base to the upper cornu
of the notch, and to the external layer of the

tranverse ligament ; and by the inferior and
larger portion of its base to the lower cornu, as

well as to the external layer of the tranverse

ligament; from these points of attachment its

direction in the quiescent state of the limb,

i. e. the femur being placed vertically under
the pelvis, is upwards, outwards, and back-

wards, to its insertion into the head of the

femur.*

When the joint is cut into in the recent state,

there are processes seen extending from this

lig-ament towards the circumference of the exca-

vation ; these should not be mistaken for por-

tions or attachments of the ligamentum teres ;

they are folds of the synovial membrane pi-o-

ceeding from that ligament over the surface of

the acetabulum. Situated in the rough exca-

vation of the acetabulum, and forming a cushion

for the ligamentum teres in the several motions

and positions of the head of the femur, is the

soft pulpy mass of fatty cellular tissue, covered

by synovial membrane, already alluded to as the

glands of Havers, first described and figured by
that anatomist in his Osteologia Nova.

Capsular ligament.—The hip-joint is com-
plete<l by a strong fibrous investment, termed

capsular ligament (capsula fibrosa ossis Je-
moris). This is by far the strongest and
largest capsular ligament in the body. How-
ever it is by no means uniform in its strength

and thickness, these being greatly increased by

• [Wcbcr states that, in the erect posture, the

(Urection of the ligatnenluin teres is vertical. Sec
Mechanik Her Mcn-sclilichcn Gchwcrkzcuge, p. 143,

and pi. ii. fig. 1.

—

Ed]

super-imposed fibres in those situations upon
which a considerable force is exercised in

certjiin motions of the joint. It not oidy em-
braces the articulation, but also includes the

neck of the femur, to the base of which it

extends from the os innorainatum. Its fibres

are variously directed from the os innomi-

natum, to which they are firmly attached

from the margin of the acetabulum to a

considerable distance on the dorsum of that

bone. Superiorly and externally they may be

traced as far as the inferior anterior spinous

process of the ilium in front, whilst posteriorly

the great sciatic notch marks their boundary,

and an arched line drawn from the inferior

anterior spine of the ilium to the spine of the

ischium denotes with tolerable exactness their

attachment in this direction. Inferiorly and

externally they are attached to that portion of

the ischium situated between the cotyloid cavity

and the external lip of the tuber iscliii, and to

this latter itself by very strong dense fibres.

Superiorly and internally they arise from that

portion of the ilium situated between its an-

terior inferior spine and the ilio-pectineal

eminence, and from the pubis as far as the

superior cornu of the acetabulum. Inferiorly

and internally the capsule is attached to the

transverse ligament of the cotyloid cavity.

By this description we perceive that the cap-

sular ligament is firmly attached to the os inno-

rainatum ; that with the exception of the portion

arisingfrom the transverse ligament its origins at

all points are from an inch to nearly two inches

in extent. Passing in various directions, ac-

cording to their several situations, the fibres

run to be inserted into the base of the neck

of the femur, anteriorly into the anterior inter-

trochanteric line, superiorly and externally into

the surface of the bone close to the digital

fossa at the root of the great trochanter, inferi-

orly and internally to the line leading from the

lesser trochanter to the anterior inler-trochan-

teric line, and posteriorly it is partly reflected

upwards, so as to become continuous with the

periosteum of the posterior part of the neck of

the bone; this reflection taking place along the

posterior inter-trochanteric line, and partly in-

serted into that line, especially at its internal and

external extremities. The reflected [wrtion is

derived from the deep fibres of the capsule,

which in passing upwards to be inserted into

the bone at the circumference of the head, con-

tribute to form those bands of fibrous mem-
brane, which are manifest on the posterior as])ect

of the neck of the femur on opening the cap-

sule, being covered only by synovial membrane.
These bands are sometimes of considerable

strength, and they are well described and
figured by Weitbrecht,* by whom they were

designated retinacula.

V\e have already observed that the capsular

ligament is not uniform in thickness at all

points. At the outer part of its anterior sur-

face its thickness is very considerable, being

strengthened and increased by a band of fibres

• Syn-Jcsmologia, Pctrop. 1742. ,
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of (ome magnitude (uccetiory ligament ), arising

from the inferior anterior spine of the ilium
and the space Iteneath, from which tliey descend,
diverging to be inserted mto the anterior inter-

trochanteric line ; these fibres are so much de-
velo])ed in some instances as almost to re-

semble a distinct ligament. At this point the

capsule is nearly half an inch thick. Kxtemally
its thickness is considerable, though somewhat
less than at the ]>oint last described. From
the pubis a smaller and thinner band of acces-

sory fibres may be traced towards the lesser

trochanter, strengthening the capsule in this

situation ; between the two accessory bands in

the centre of the anterior surface, the capsule is

extremely thin, and sometimes wholly clestitute

of fibrous tissue, being altogether composed of

synovial membrane, and a little cellular tissue,

by which it is separated firom the bursa that

lies under the tendon of the psoas muscle

:

this bursa, moreover, sometimes communicates
with the cavity of the joint through an opening
in this situation.

Tlie internal surfece of the capsule invested

by its synovial membrane corresponds to the

cotyloid ligament, to the neck and a portion of
the head of the femur. The external is covered

anteriorly by the rectus femoris, psoas, and
iliacus muscles, internally by the obturator

externus and pectineus
; posteriorly it lies upon

the quadratus femoris, gemelli, pyriformis,

and obturator intemus, and superiorly the

gluta.-us minimus adheres very closely to it.

The capsule of the hip-joint, although

stronger, is not so long or so loose as that of

the scajiulo-humeral articulation, neither is it

pierced by any tendon.

Si/novial membrane.—To facilitate descrip-

tion, let us commence at the greatest circum-

ference of the head of the femur. From this

point the synovial membi-ane passes outwards
over the neck of the bone as far as the attach-

ment of the capsular ligament; from the bone
it is reflected on to the deep surface of this

ligament, along which it passes to the line of

its attachment to the os innominatum and
transverse ligament : along that line it is re-

flected again on to the margin of the acetabu-

lum over the cotyloid ligament into the cavity,

which it completely lines, and from which it is

carried by the round lisrament, which it invests,

to the head of the femur.

Arteries.—The hi|>-joint is supplied with

blood by branches from the obturator artery,

derived from the internal iliac or from the in-

ternal circumflex branch of tlie femoral. These
are distributed, some in the fat and cellular

tissue, filling the excavation at the bottom of

the acetabulum, whilst others ramify on the

ligamentum teres, and are conducted by it to

the head of the femur. It not unfrequently

occurs that the joint receives blood from both

these sources.

Nerves.—Tliese are derived from the obtu-

rator, which uniting with the deep division of

the anterior crural cause the pain to be referred

to the knee in some diseases of the hip-joint.

Millions.—The motions of this joint are

mostly performed by the femur upon the os

innominatum, and coasist of flexion, exten-

sion, abduction, adduction, circumduction, and
rotation.

In slight flexion the head of tlie femur
revolves upon its axis in the cotyloid cavity

;

the antenor portion of the capsular liga-

ment being relaxed, whilst the posterior is

rendered prO|>ortionally tense. If this motion

be augmented to any considerable extent, tliv

capsular ligament is relaxe<l to a greater ilegree

anteriorly, whilst posteriorly, in consequence of

the distance between its two points of attach-

ment being increased, it is very tense, and ren-

dered convex by being stretched over the head

of the femur, which is now very prominent in

this situation, resulting from the altered re-

lations between it and the acetabulum. The
anterior part of the head of the femur is placed

against tlic deepest portion of the acetabulum,

whilst its broad articulating surface situate

above the depression for the round ligament is

directed backwards, where the acetabulum is

too shallow to receive it completely ; it there-

fore forms a projection in this situation, a pro-

jection which, in my opinion, ought rather to

be attributed in this instance to the natural

formation of the parts than to any displacement

of the head of the bone.

When excessive flexion is combined with

adduction, the head of the femur glides from

before backwards, and from within outwards in

the acetabulum ; its anterior |>ortion is con-

cealed in this cavity, whilst its posterior

emerging lies against the capsular ligament,

considerably increasing its tension. To pro-

duce these motions muscles of gr»>at power arc

employed ; in some these agents are not con-

fined merely to one joint, but have two oppo-

site functions to perform, being flexors of one

joint at the same time that they extend another.

In abduction, when the lower extremity of

the femur is separated from the median line,

its head is naturally directed downwards,

its inferior portion being forced against the

capsular ligament ; therefore when the motion

is carried to any great extent the ligament is

liable to rupture, and allow the head of the

femur to escape over the internal lip of tlie

acetabulum into the obturator foramen.

In adduction the same occurs as in abduc-

tion, but in an inverse direction, with this ex-

ception, that as the motion cannot be earned

so far, and as in this case the head of the

femur is opposed to the dcejiest portion of

the acetabulum, dislocation cannot occur.

Simple adduction, unaccompanied by any

flexion of the joint, is very limited. Let

any one, while standing in the erect pos-

ture, approximate his knees, it will be found

that the utmost he can do is to bring them very

near to each other, but that he cannot press

them against each other; if, however, the hip-

joints have been previously very slightly flexed,

then the knees may be easily pressed against

each other, and the adduction may t)e carried to

a much greater exlenl, so as to cross the legs.

It is limited by the ligamentum teres and the

external and anterior part of the ca|>sular liga-

ment.
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Circumduction combining tliefour preceding

is a compound movement, in wliich the inferior

extremity describes a cone, tlie a|iex of which

is at tlie jonil ; the liead of the femur in tlie

course of this motion successively assumes the

several situations already described.

In rotation outwards the head of the femur

is directed forwards and inwards, the anterior

surface of the neck looks outwards, the pos-

terior inwards resting on the brim of the ace-

tabulum ; the capsular ligament is put upon
the stretch on its nmer side. Any sudden jerk

or violence when in this position is liable to

produce dislocation upwards upon the pubis.

In rotation inwards the bone assumes the

contrary direction, and the capsular ligament

and ligamentnm teres are equally put upon the

stretch. In this case dislocation may occur

either upon the dorsum of the ilium or mto the

sciatic notch. For this motion we have but few

nmscles, this ])Osition being produced merely

by the tensor vagina: femoris and anterior fibres

of the gluteus medius muscles. The disparity

between the number of muscles influencing the

motions of rotation outwards and inwards is

very striking, but this may be attributed to the

direction of the acetabulum from within out-

wards and forwards naturally tending to ])ro-

duce rotation inwards. Consequently before

the opposite motion can be efl'ected there is

this inequality to be overcome, and hence the

disparity between the muscles.

(H. Hancock.)

HIP-JOINT, ABNORMAL CONDI-
TIONS OF THE—In this article we shall

adopt an arrangement similar to that which we
have followed in our former observations on the

abnormal conditions of |)articular joints, and

consider these states under the heads of, 1.

congenital malformations; 2. the effects of

disease, and, 3. the results of accident.

Section I. Congenitul malformation of the

hip-joint.—The peculiar affection termed by the

continental surgeons congenital or "original lux-

ation " of the hip-joint, has not in our islands at-

tracted the notice that it seems to us to merit.

When we reflect upon the very valuable addi-

tions which have been made to our knowledge of

the pathology of the articulations by British

writers, and observe their silence upon this ab-

normal slate of the hip-joint, we might be led

to infer that this malformation had no existence

in these islands; this, however, unfortunately is

not true.

In the very valuable museums in London we
can easily recos^nise many unquestionable spe-

cimens of this congenital malformation of the

bones of the hip-joint. In Dublin we know
some living examples of it, and our museums
contain preparations shewing some of its va-

rieties and most of its usual anatomical charac-

ters.

At the meeting of the British Association in

Dublin in the year 1835, Dr. Ilutton made

some interesting observations on this affection

to the section of medical science, and gave an

account of a well-marked example of it affect-

ing one hip-joint. On that occasion Dr.

Handyside observed that he had met with a

ciise of congenital luxation of both hip-joints,

in a subject which had been brought into his

anatomical rooms at Edinburgh ; and he added
that the appearances of the joints corresponded
very closely with those noticed by Dr. Hutton.
The Professor of Anatomy and Surgery to the

University of Dubhn, Dr. Harrison, laid before

the Surgical Society last winter the results of

two accurate post-mortem examinations which
he had made of this malformation of the hip-

joint. The history of these ciises, as far as Dr.
Harrison could make it out, shewed that the

subjects of them had during life presented the

ordinary signs of the infirmity in question.

In one of them, one hip-joint only was af-

fected ; in the second, not only was the arrest

of development such as to leave the acetabu-

lum a plane surface by depriving it of border

of any kind, but the ligamentum teres, the

head and greater part of the cervix femoris

were also deficient on both sides, so that the

femora at their upper extremity presented a

rude resemblance to the ossa humeri. In this

case (Jig. 307) the capsular ligament was of an
extraordinary length, and permitted the rudi-

ment of a head and neck, with the trochanter

major, to ascend and descend on each side on
the dorsum ilii, and to pass backwards on the

ischium to the very edge of the ischiatic notch,

in the different movements of the patient.

The case of congenital malformation of the

hip-joint has not escaped the notice of conti-

nental surgeons,* although perhaps the nature of

the affection had not fully attracted the attention

of the profession until Dupuytrenf gave the

results of his observations of twenty-six cases of

this malformation which were presented to hiin

in the course of his public and private practice.

He seems to have met with the affection more
frequently in the female than in the male, in

the vast proportion of twenty-two females to

four males, and from his description it would
appear that he has usually found, in the same
individual, both hip-joints affected. In the

cases we hav^ witnessed, we have not observed

this very great preponderance of female over

male cases ; and although we have noticed the

defect to be double in the same individual, we
have more frequently observed but one joint

engaged. This is of importance to be recol-

lected, as mistakes in our diagnosis are more
likely to occur when only one joint is affected,

than in those cases in which the defect is

double in the same individual.

The characters, says Dupuytren, of this

"original luxation" are nearly similar to all

those we notice belonging to the ordinary luxa-

tion upwards and backwards on the dorsum
of the ilium : the limbs are shortened and inver-

ted ; the superior extremities of the femora are

carried upwards, backwards, and outwards, into

the external iliac fossa, where a considerable

prominence can be seen, caused by the unusual

elevation of the great trochanter; the thighs,

unusually slender, are obliquely directed down-

* Palli-Ua, bafond. Callard, Bcllomoir.

t Kcpcrtoiic li'.lnatomic. Lemons Oialcs.



ABNORMAL CONDITIONS OF THE HIP-JOINT. 781

wards, forwards, und inwards, aii<ltliis obliquity

is greater in proportion as the pelvis is broader;
hence the deformity in the female increases

about the age of puberty : there is, in conse-
quence of this breadth of the pelvis, a tendency
of the limbs to cross each otlier inferiorly, and
the movements they are found to enjoy are

very limited, particularly those of abduction
and rotation; hence the individual finds great

difficulty in performing the different functions

belonging naturally to the infenor limbs.

When we examine a person with this double
defect standing, we are struck at once with the

apparent want of proiiortion between thesuperior

and inferior parts of the body, with the imper-
fection of the lower limbs, and with the peculiar

attitude of the patient. The trunk is fully deve-

loped, says Dupuytren, whilst the inferior limbs,

short and slender, seem as if they were suited

only to an individual of smaller stature. When
we view the [latient laterally, we observe that the

chest and superior part of the body are carried

very much backwards, while the anterior part

of the abdomen is thrown very prominently
forwards, and at the same time we notice tliere

is a corresponding hollowing posteriorly in the

region of the loins, and that the nates jut out
backwards most conspicuously. A very cha-

racteristic circumstance relative to the standing
position of these malformed individuals is, that

they rest on the ground only by the anterior

part of their feet; most of the jieculiar cir-

cumstances relating to the attitude of these

persons follow as the necessary consequence of
their hip-joints (or in other words the centre

of motion of the lower extremities) being placed
behind their ordinary situation with resiiect to

the iielvis.

If a patient so unhappily constituted wish to

walk, we see him incline the superior part of

his body towards the limb which is now in-

tended to support the weight of the body ; he
as it were balances himself on the anterior part

of the foot of this side; he next raises from the

ground the opposite foot, and transfers labori-

ously his weight from one side to the other

—

indeed each time this motion takes place, the

head of the femur which receives the weight of
the body, ascends u|)on the external iliac fossa,

and is sustained by its ligaments and muscles

;

the pelvis is at the same time depressed, and
all the signs of displacement become more ob-
vious on this side, while they diminish sensibly

on the other ; in a word, progression thus be-
comes an awkward and waddling movement.

It may appear singular that running and
leaping should be executed by these [tatients

with more facility than walking, yet such is

the fact; for in those exertions the eiiersy of
muscular contraction, and the rapidity with

which die weight of die body is transferred from
one limb to the other, are such, that the want
of a true acetabulum is not so much felt

as in walking. Any of lliese exercises, how-
ever, very soon induce fatigue, which we can
readily account for when we recollect the

friction which the head of the femur must un-
dergo against the side of the iielvis, and the

great eflbrts which the muscles have tb sustain

in sup{iorting the weight of the body, during the

balancing or waddling motion described. VV hen
persons afflicted with this malformation lie

down horizontally on their buck, the signs of
tlieir infirmity become so slight as to be
scarcely |>erceptible, because in this situation

of complete repose the muscles do not draw
upwards the lower limbs, nor does the weight
of the body depress the jiclvis. Dupuytren
found tliat in this situation of Uie body he
could elongate or shorten die affected limbs
of the patient; to elongate them, he says, it

was merely necessary to pull slightly down-
wards at the knee or ankle, and to shorten

them, to push them upwards; the head of the

femur will undergo in such experiments a dis-

placement of one, two, or even three inches

(Dupuytren), and all these displacements will

lie affected without causing any pain and with

the greatest ease, convincing us that no pru|>er

cavity exists fit to receive and retain the head
of the femur.

It is of importance that this congenital mal-
formation of the hip-joint should be well under-
stood, not only that dangerous errors in diagnosis

may be avoided, but that this defect, when it

really exists, may be recognized early, so that

timely and proper treatment may be resorted to.

It presents to the superficial observer many of
the signs which belong to a disease of the nip-

joint; and of the cases leen by Dupuytren, few,

he says, had lieen recognized by die surgeons

previously consulted : almost all these unfor-

tunate patients had been subjected to painful and
worse than useless treatment. Many individuals

afflicted with onginal luxation of the hip-joint

have been, in consequence of the errors or igno-

rance of their medical attendants, condemned
to keep their beds during many years. " I have

seen others," says he, " whom they had forced to

submit to numberless applications of leeches,

blisters, issues, and moxas; among others I

remember the case of a young girl, who suffered

the application of twenty-one moxas around the

hip, without this barbarous treatment having

efl'ected any favourable change iu the situation

of this unfortunate patient."

We can easily distinguish this original

luxation from disease of the hip-joint, as there

is no pain felt by the patient either in the hip

or knee ; there is neither heat, swelling, nor

abscess, no evidence of inflammation chronic or

acute, nor is there any cicatrix ; consequently

nothing exists which can induce us to believe

that heretofore there ever existed any abscess or

fistula, consequences so very usual in cases of

disease of the hip-joint, when this disease has

arrived at the stage of luxation.

Dupuytren's description of this condition of

the hip-joint seems to apply altogether to the

case in which both joints are engaged ; when
one articulation only is affected, so far as

it is concerned, the features of the congcniul

defect are just as well marked as tliose above

alluded to. The usual signs of the dislocation

up«-ards and backwards on the dorsum ilii, and

the siinie range of ascent and descent of the head

of the femur on the ilium and towards die ischi-

atic ootch, is noticed as in the former cas« ; as.
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liowever, the weight of the body is almost
entirely thrown on the unafleiteil limb, the

latter becomes niucli hirger and stronger than
usual, while the malformed limb falls mto a
slate of more or less of atrophy from want of
use; its circulation in general seems more
languid, and its nervous energies and tempera-
ture are less than those of the well-formed ex-

tremity ; add to this, as we have already noticed

(what might be expected,) that in consequence
of the centre of gravity being so unilbrmly

thrown on the sound hnib, a lateral curvature

of the spine takes ])lace, and a great mobility

of the sacro-lumbar articulation exists.

Aiiutumicul chuructcrs of this affection.—

Op|)ortunities for ascertainmg the anatomy of
this congenital defect, whether both hip-joints

be implicated or one only affected, are very

rare. Although Dupuytren has seen so many
jiatients afflicted widi this malformation, he has

had very few opportunities, he says, of study-

ing its anatomy, because the affection is not a

disease, but an infirmity which has no tendency

to shorten life. With respect to the muscles he
has remarked, that some of them around the

joint are found to be well developed, while

others are in a state of atrophy : the first are

those which have still preserved their functions,

the second are those whose action has been
restrained by changes induced in the position

and form of the p;irts : some of these latter, he
says, are reduced to a sort of yellow fibrous

tissue, in which we can scarcely discover mus-
cular fibre.

Hie cotyloid cavity of the os ilii in some
cases scarcely can be said to exist, so irregular

are the traces of it; sometimes an irregular

bony eminence occupies its place, having no
cartilaginous covering, no rudiment of cotyloid

ligament ; it is merely suiTounded by resistant

cellular tissue, and covered by muscles which
pass by it to be inserted into the little tro-

chanter. Sometimes, says Dupuytren, I have

found the ligamentum teres of the aiticulation

much elongated, flattened superiorly, and worn
as it were m certain points by the pressure and
friction of the head of the femur ; the latter is

lodged in a cavity analogous enough to that

which we find formed in cases of luxation up-
wards and outwards, which have been left for a

long time unreduced. Tliis cavity (if such it

can be called) is situated in the external iliac

fossa, above and behind the usual situation of

the cotyloid cavity, at a height proportioned

to the shortening of the limb, or degree of ascent

of the head of the femur. The suijeiior fX)rtion

of the femur preserves in all its parts, its form,

its dimensions, and its vuturul relations, only

the internal side, and the anterior part of the

head of this bone has sometimes lost its

rounded form, a circumstance which would ap-

(lear to result from the friction which it has been

subjected to by its frequent contact with parts

which have not been organized to receive it.

The writer's observation does not entirely

correspond with this account of the superior

portion of the femur preserving its form and

natural relations with the rest of the bone. He
has usually noticed that the head of the femur

has lost its spheroidal shape, and presents

somewhat of a conical apjiearance, as Dupuy-
tren well describes ; but two other circumstances

he has observed in almost all the cases he has

examined, whether in the recent dissections he
has himself witnessed, or in the macerated
bones he has seen in Dublin or elsewhere :

—

1st, that the neck of the femur, instead of

having its axis directed, as it naturally is, from
behind forwards, upwards, and inwards, has in

this malformation lost its usual relation with

the shaft of the thigh-bone, and the axis is

directed upwards, and almost directly forwards.

This alteration in the direction of the axis of

the neck of the thigh-lxjne did not escape the

observation of Dr. Ilutlon, in his remarks on
his case already alluded to ; he expresserl his

idea of the altered direction of tlie axis by say-

ing that the axis of tlie neck in this aise fell

directly on the anterior part of the up|ier ex-

tremity ofthe shaft : " the relative position of the

neck and shaft appeared as it might be supposed

to do if, the lower portion of the femur being

fixed, the upper portion were twisted forwards,

the head moving through one fourth of a circle."

2dly. The other circumstiince which the writer

has noticed must be viewed iu connec-

tion with this altered direction of the usual

axis of the neck of the femur just alluded to ;

it is that in all the cases he has as yet seen of

this original luxation of the femur, the head of

the thigh-bone, instead of being directed back-

wards, as it is in the ordinary luxation on the

dorsum ilii, on the contrary has been directed

forwards, and has been placed beside the

anterior inferior spinous process of the ilium,

while the trochanter major has been directed

backwards on the dorsum ilii.

It is rather strange that a relative position of

the bones of the hii>-joint, so different from

what has been observed in the ordinary dis-

location upwards on the dorsum ilii, and one
so usually met with in the case of original lux-

ation of the hip-joint, should have heretofore

escaped observation.

In one of the specimens of malformation of
the hip-joint preserved by Mr. Harrison in the

Museum of the University of Dublin, this

relative position of the femur and the anterior

inferior spine of the ilium can be noticed,

while the trochanter major is placed posterior

to both. And in two preparations preserved

in the Richmond Hospital Museum, the same
observation can be made,—the atrophied heads

of the thigh-bones are directed forwards ; the

great trochanters lie behind these heads on the

sides of the pelvis.

Tliese are circumstances important for us to

keep in mind, when we are considering the

diagnosis of the various affections of the hip-

joint.

We say that such a remarkable circumstance

demands notice from us, because in the cases of

this affection we have as yet observed in the living

subject, the thigh, leg, and foot ofthe malformed

limb has not been so much inverted as it

always is in the ordinary luxation upwards and

backwards on the dorsum ilii ; indeed in the

case of a lad, named Ilannon, whom the writer
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has frequently examiiu'd, (Jig. 308,) the tliiRh,

leg, and foot were by no means inverted, the

ordinary asi)cct of tlie front of the femur, patella,

&c. was directed as much forwards as it

naturally is ; the shortening and other signs of

luxation upwards on the dorsum ilii existed,

and, in consequence of the emaciated state of

the limb, the relative position of the head and
neck of the femur, above adverted to, was easily

recognized, when the hand wxs laid upon the

head of the bone, and a strong movement of

rotation outward was communicated to the mal-
formed extremity.

We do not mean to assert that in all cases

this relative position of the head and neck of

the femur will be found to exist; in this, as in

otlier congenital defects, much variety may be

expected to be found. When in these cases

tlie soft parts are removed, the bones of the

pelvis present appearances which are remark-

able enough, although we believe that these

appcarance-s have heretofore escaped the obser-

vation of anatomists, who seem to have confined

their attention to the abnormal condition of the

head of the os femoris and the acetabulum.

The anterior spines of the ilium, particularly

the inferior, we have usually found to be dinK;ted

very much inwiu'ds, towards each other (Jig.

307); the external iliac fossa to be more convex,

and the internal iliac fossa more concave than

usual : beneath the anterior inferior spine we no-

tice a deep groove directed outwards, through

which the united tendon and fibres of the psoas

and iliacus pass to the lesser trochanter of tlie

femur, which process is always in these cases

placed so much behind as well as above its nor-

mal situation. The sub-pubic angle is remark-

ably obtuse, the rami of the pubes and ischia

are very oblique, and the tuberosities of the

ischia greatly everted.

Fig. 307.

I

Many of these which we would call chaiac-

teristic features of the double congenit;d defect

now under consideration have heretofore escaped

the notice of all those who have written on
" the original luxation" of the lii|>-joint. Sun-
difort in his Miu>eum Anutomicum has, how-
ever, given a delineation of a pelvis belonging

to a subject in which he says both hi|>-joinls

were found dislocated : what this author has

there drawn was probi\bly not understood in

his day, but any one who has seen many s|ie-

cimens of the deformity we are now endea-

vouring to describe, will agree with us, we are

sure, in considering Plate txiv a true repre-

sentation of congenital luxation in both hip-

joints.

When only one of the hip-joints is aflected

we find a lateral curvature of the spine to exist,

and the bones of the pelvis to be m a state of
atrophy on the malformed side. Tlie |>ortions

of the OS pubis and ischium which circum-
scribe the thyroid foramen are generally long
and slender, and the tuberosity of the is-

chium is at a greater distance from the sym-
physis of the pubis on the malformed than on
the opposite side.

Many of the anatomical characters we have
here stated may be supposed to be the gradual

result of causes acting from early in&ncy on
bones as yet soft and cartilaginous. The weight
of the body so constantly acting unfavourably

on badly-formed bones and over-distended liga-

ments, the efforts of muscles by their repeated

exertions endeavouring to supply the defici-

encies in the ligaments and in the articular sur-

faces of the bones, are so many causes which
must act on and alter the direction of the head
and neck of the femur, distort the tuberosities

of the ischia, and draw towards tlie middle
line Uie spines of the ilium ; but we may inquire

does the first fault in these cases consist in the

arrest of development in the bones? in the

muscles? or should we look to the nerrous
system for the primitive source of these intra-

uterine defects f These are inquiries whidi can-
not, we believe, in the present state of our know-
ledge, be satisfactorily replied to. Andral re-

marks that in almost all cases in which one of
the cerebral hemispheres is atrophied we find

the limbs of the uppotite side less developed

than natural ; but he does not venture to ex-
press an opinion as to whether the imperfect

de.elopment of the brain is the cause of the

malformed extremity, or the repose and want
of use of the latter tlie reflected cause of the

atrophy of the brain. No doubt we have, in

one solitary instance already quoted,* shewn
that a congenital malformation of the left hip-

joint coincided with a deficiency of the cerebral

convolutions of the right hemisphere of tlie

brain, but this coincidence we have reason to

believe must be exceedingly rare.

Some sur^rcons of eminence, whose opinions

must have considerable weight with the pro-

fession, have stated it to be their belieff that

" a simple paralytic condition of the muscles of
the lower extremity, as a consequence of the

irritation from teething arising during infancy,"

is the starting point of disease in these cases,

* Dr. Hutton's cue, Dnblio Jounwl, volome viii

f Sec Lancet for lt)2&.^.
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and would of course consider all the pheno-
mena of the niiilformation we liave dwelt on,

as the mere consequences of the paralytic con-

dition of tlie muscles. W ith such a doctrine

we are not at all disposed to agree; in no other

instances do we find paralysis produce similar

results; besides, the muscles of the hip-joints

in many of these cases seem in the exercise of

running and leaping endowed with very ener-

getic powers of action. It is perfectly clear

that to refer all in these cases to a paralysis of

the muscles is quite unsatisfactory, because the

abnormal conditions of the several structures

around the affected joints are in these cases so

varied and numerous that we feel that they

never can be rationally referred to this single

source. In some instances we find a very well

marked oval eminence on the side of the pelvis

for articulation witli the malformed head of the

femur, while no trace of cotyloid cavity exists;

in some the defect is slight, in others the de-

formity is great; thus the ligamentum teres

may be a long and slender thread without vas-

cularity or strength in some cases, in others we
have seen it four inches long, and at the same
time of considerable breadth ; while in others

again no trace of ligamentum teres or head of

the femur existed, the imperfect representation

of a head being retained by a lengthened cap-

sular ligament, supported by the smaller mus-
cles around the malformed articulation.

These observations satisfy us that we cannot

refer to " paralysis of the muscles of the lower

extremity as a consequence of irritation from
teething arising during infancy," the pheno-
mena that this affection termed congenital mal-
formation of the hip-joint presents.

We have no doubt seen some instances in

which a certain paralytic tendency and other

congenital defects seemed combined with the

malformation of the hip-joint; but again we
have seen many others in which tliere was no
paralytic tendency, and in which no other de-

fect than a double congenital luxation of the

hip-joint existed ; and in Dupuytren's twenty-

six cases no mention is made of paralysis, nor

of atrophy of the cerebral convolutions.

We confess we are glad to feel ourselves able

successfully to oppose the hoiieless idea of pa-

ralysis of the muscles being in fault, because

we have reiison to believe that mechanical treat-

ment of the malformed hip-joint has succeeded,

when early applied, in lessening the infirmity.

The idea of paralysis of the muscles being the

root of the evil, precludes all hope of mecha-
nical treatment being at all serviceable to these

unfortunate individuals.

Histori/ (})' a case of congeniUd tnalj'orniation

of the ItJ't hip-joint, with the unutomiatl exa-

mination oj' the articulation.—A man named
John North, aet. 31, of weak intellect, was
admitted under the care of Dr. Hutton, July

1835, into the Richmond Hospital; he was
afflicted witli a most severe form of inflamma-

tion of the larynx, trachea, and lungs. I was
asked to visit him, and report my opinion as to

whether the operation of tracheotomy should

be performed, or whether such a measure would
be calculated to relieve the urgent symptoms of

dyspnoea which seemed in this ca.se to threaten

suffocation. While 1 was examining the pa-

tient he wished to get out of his bed, and then

I noticed that besides having an atrophied and
contracted state of the left forearm and wrist,

his left lower extremity was deformed, and
seemed much shorter tlum the opposite limb.

Upon even a very superficial view of this lefl

hip-joint and the position of the limb, all the

more ol>vious features of a dislocation u))-

wards and backwards on the dorsum ilii, were
recognized. Upon inquiry it was ascertained,

as far as could be from such a patient and from
his ordinary attendants, that the hijj-joint had
never suffered any accident, and that, altliou;>h

he had issues inserted, he never had had any
acute disease or suffering in the deformed hip,

which deformity, with the contraction of the

upper extremity, was coeval with Uieir earliest

recollections of hiin.

1 agreed with those in consultation on the

case that the state of the lungs would speedily

bring about the death of the patient, and that

no operation, such as tracheotomy or laryngo-

tomy, should be resorted to. I also expressed

my conviction that the left hip-joint presented

a very tine illustration of the abnormal state of

this articulation, which Dupuytren and others

had described as a congenital or original luxa-

tion of the hip. The next day the patient died

of the inflammato.y affection of the chest, and
a post-mortem examination was made by Dr.
Hutton, at which Mr. Smith and the writer

were present. There were observed the same
appearances of luxation on the dorsum ilii

as before noticed ; the body teing held up and
maintained in the erect posture, the pelvis was
seen to be very oblique and elevated towards

the malformed side, the left lower extremity

seemed three inches shorter than the right or

perfectly formed limb, but on measurement it

was plain that the deformed limb was not

really shortened, but had merely ascended on
the dorsum ilii. The trochanter major (natu-

rally on a level with the horizontal ramus of

the pubis) was elevated two inches above diis

bone. In the prominence and elevation of the

great trochanter, in the semiflexion and adduc-
tion of the limb, in the circumstance of the

motions of rotation and abduction being li-

mited,—in all these the case nearly resembled
the ordinary luxation on the dorsum ilii, whe-
ther produced by accident or the result of an
old caries ; but the history of the case was op-
posed to either of these conjectures, and the

marks of issues placed there through ignorance

were not to mislead us, or induce us to alter

our opinion already expressed, as we were well

aware that in almost all the cases seen by Du-
puytren similar evidences of surgical ignorance

of the true nature of the affection had existed.

Besides the unusual prominence and elevation

of the trochanter major already mentioned, the

head of the fenmr could itself be plainly enough
felt, when a movement of rotation outwards was
given to tlie sliaft of the bone; but when the

limb was forcibly elevated or extended, even

now in the dead subject, its range of move-
ment of ascent and descent was not more than
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I

half an incli ; in this particular this case dif-

fered from those given by Dupuytren, because
in his cases the range of motion of ascent and
descent of tlie head of the femur on the os

innominatum, which could be communicated,
amounted to two inches.* The body having
been placed on its face, and the integuments

removed from the glutxus maximus, this

muscle looked somewhat paler in its colour

than natural, its lower margin (which in the

natural state has a descent of obliquity amount-
ing to three inches) was placed nearly trans-

versely. When this muscle w"as removed, the

trochanter major presented itself; it lay on the

dorsum of the ilium, near to the ischiatic

notch, above the pyriformis and below the

range of the glutsei (medius et minimus), which

were in a state of atrophy. The head of the

femur, smaller than usual, was in advance of

the great trochanter, and was placed immedi-
ately external to the anterior mferior spinous

process of the ilium, and was here covered

immediately by the capsular ligament and some
scattered fibres of the lesser glutaei : the tensor

vagiuiE fcmoris lay in front of the bead of the

bone.

Tlie pyriformis and quadratus were very

oblique in their course, passing upwardsand out-

wards : all the muscles in the front of the tliigb,

such as the pectinalis and other adductors, passed

from the os pubis outwards with a degree of ob-

liquity three or four inches less than natural.

The psoas magnus was drawn a little outwards,

and its edges were twisted so that the internal

edge was directed backwards and its external

edge forwards. All the muscles of this ex-

tremity were smaller and less developed than

those of tlie oilier ; but with the exception of

part of the obturator extemiis which looked

fatty, their fibres had a natural appearance.

There were no marks of previous violent injury

or chronic disease.

Tiie capsular ligament was attached as usual

to the circumference of the acetabulum on one

part, and to the base of the neck of the femur

on the other ; it was strong and at the same
time elongated, so as to allow the head of the

femur to rest on the dorsum of the ilium, but

ligamentary bands passed from this part of the

ilium to the external surface of the capsule,

where it invested the head of the femur; these

must have served to strengthen and fix the

capsule and thus prevent auy great range of

motion over the ilium. When this capsule

was cut into, the head of the femur was found

somewhat conical in its form and much smaller

than usual ; the cartilaginous covering, thin and
of an azure hue, did not form a very uniform

or perfect covering for the head of the bone
;

there seemed no deficiency of synovial fluid

within the joint. The inter-articular liga-

ment or ligamentum teres, as it is called, pre-

sented a very remarkable appearance ; it was
of unusual dimensions, being more than four

inches long ; of a yellowish colour like tendon,

and as thick as the tendo Achillis near the os

* See Dr. Hutton's account in the Dublin Jour-
aal, vol. viii,

VOL. Jl.

calcis ; instead of being firm, round, and tliick,

it was soft and could be easily sprciid out to

the breadth of an inch : its fibres were con-
nected by means of a thin transparent mem-
brane like a synovial structure. This sub-
stitute for the normal ligamentum teres was
continuous with the cotyloid ligament, or arose
from that part of it which completes the notch
of the acetabulum within. From this origin or
attachment, the ligament passed, as it were,
from within outwards and upwards to be at-

tached to the head of the femur, presenting in
its course an inverted arch, the cavity up-
wards and inwards, the convexity downwards
and outwards. On its inferior suriace it cor-
responded to the head of the femur, where it

was hollowed out from before backwards, so as
to accommodate itself to the head of the bone,
for which it formed a kind of cup which follow-

ed the movements of tlie femur, afibrding it

always a receptacle as the inter-articular carti-

lage does for the condyle of the lower jaw. This
broad ligament had no connexion by synovial
folds or fibrous productions with the bottom of
the acetabulum. The cotyloid ligament was
flattened out round the brim of the acetabulum,
and was otherwise imperfect: the fatty and
vascular cellular structure named Haversian
gland existed in rather large quantity.

When acomparative view of the bonesof the

pelvisand lowerextremity ofeach side was taken.

It was manifest tliat the left lower extremity was
in a state of atrophy, that the thigh-bone was
straight and slender, and that the atrophy ex-

tended downwards to the bones of the leg,

and included also the whole of the left os

innominatum ; die anterior spines and crest of
the ilium were inverted, the internal iliac fossa

was much deepened, and the external surface

of the ilium rendered more convex than usual.

The rami of the os pubis and ischium seemed
more attenuated and slender than those of the

opposite side, and the foramen ovale wider.

The circumference of the acetabulum of this

side included nearly as krge a space as usual,

but the upper and outer portion of its brim or

its supercilium was deficient. This cavity was
shallow, its surface scabrous or uneven, and
was no where invested with cartilage ; a flattened

surface above it marked the point of habitual

contact of the head of the femur and ilium

:

the bone was not excavated in this situation to

receive the head of the femur, which was re-

tained here, as already mentioned, by liga-

mentous bands, which extended from this part

of tlie ilium to the external surface of the cap-
sular ligament. The femur, it has been said,

was atrophied at this side and slender, but it

was of the same length as the opposite bone,

diminished only in the circumference of the

shaft. Tlie axis of the head and neck was
directed from the shaft of the bone upwards
and inNvards, but it was straighter, and its di-

rection was by several degrees more forward

than natural

.

As we have detailed this case merely as an
illustration of the congenital malformation of

the hip, and do not wish here to enter into

minute particulars as to the morbid appear-

3r
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ances which the post-mortem examination fur-

tlier disclosed, we merely state that evidences
of diffuse inflammation of the mucous and
submucous tissues of the pharynx and larynx,

with purulent infiltration in the submucous
tissue, existed with extensive bronchitis, as

well as splenization of the lungs. It was more-
over discovered that the right hemisphere of
the brain was deficient, and that a cyst five

inches in length and between two and three in

its transverse diameter occupied the interval

(which was an inch in depth) between the sur-

face of the atrophied brain and interior of the

calrarium ; this cyst was filled with limpid
serum.

The whole of the left upper extremity was
in a state of atrophy, flexed at the elbow and
wrist-joints, and the forearm and hand were
rigidly pronated.

A case of congenital luxation of the left hip-

joint very similar to the foregoing was under the

writer's observation for some time as an out-pa-

tient of the Richmond Hospital. This lad was
on different occasions seen and prescribed for

by Dr. Hutton, who first recognized the nature

of the case, and the other surgeons of the insti-

tution. His name was Martin Hannon; he was
a labourer, atat. 19 years. In his ordinary

attitude, standing, the spine wa? curved laterally

to the well-formed side, so that the line of gra-

vity seemed to pass to the ground through the

centre of the right or well-formed thigh and
leg ; on this side the pelvis was depressed, and
on the opposite side elevated, so that the left

lower extremity appeared three inches shorter

than the right. The oblique position of the

pelvis above alluded to accounted for much of

this apparent shortening, which nevertheless,

by accurate measurement fi'om the spine of

the ilium to the inner malleolus, was proved

to be real to a certain extent, viz. one inch and
a half. Next to the shortening of the limb,

the most remarkable circumstances which

caught our attention were the prominency and
elevation of the trochanter major, which was
found to be two inches above the horizontal

Fig. 308.

ramus of the pubis. The trochanter major was
also behind its usual situation (j%.308). The
hip-joint possessed a certain degree of the mo-
tions of flexion and abduction, and when the

patient was directed to extend the thigh back-
wards, the motion about the sacro-lumbar arti-

culations seemed preternaturally free. When
the hand was placed on the left hip-joint, the

head of the femur could be felt plainly to be

situated in a very unusual position, namely,
forwards and upwards, close to the anterior

inferior spine of the ilium, and in advance
of its neck and the great trochanter, which
lay towards the ischiatic notch ; if now a

motion of rotation outwards were commu-
nicated to the femur, the trochanter major
moved backwards, while the head of the femur
rolled forwards and outwards; and so very thin

was the patient that the head of the bone could

be seen and easily felt moving in this novel

situation. The deformed thigh was at its upper

part thrown much outwards (Jig. 308), and to re-

cover, as it were, this deviation outwards above,

it passed much inwards towards its lower ex-

tremity; the thigh and leg were cold and
atrophied, and the poor lad had also that mal-
formation of the ankle called valgus.

He walked with the assistance of a stick,

and in consequence of the double defect of the

left hip-joint and ankle very imperfectly.

The sound limb, which seemed, in standing,

to bear the whole weight of the body, was
very muscular, and was larger in proportion

than to be expected, when compared with the

left or deformed leg, thigh, chest, and upper
extremities, which last presented no peculi-

arities.

Such were the notes the writer had taken of

this case in December 1837, when the lad ap-
plied to him at the hospital to be relieved of
an indolent ulcer he had on the weak limb.

In the beginning of the spnng of this year

he became affected with phthisis, and died of

that disease in the VVhitworth Hospital on the

12th June, 1838. Mr. Smith had a cast taken

of the lower part of the body, pelvis, and lower

extremities, which is preserved in our Museum.
The interior of the thorax presented the usual

effects of phthisis.

Le/'t hip-joint.— The muscles around the

joint were remarkably pale and greatly attenu-

ated ; they held the same position relatively to

the head of the bone, as in the preceding case

of North, but they were more atrophied ;

in many places all appearance of muscular
fibre was lost, and its place supplied by a

yellow fatty fibrous tissue. The muscles of

the rest of the extremity, particularly the gas-

trocnemius and soloeus, were in a similar con-

dition. The sciatic nerve had not a very

healthy aspect; it was yellowish; and its fibres,

though firm, were more loosely connected than

usual.

The capsular ligament was remarkably thick,

and was lined on its ulterior or synovial surface

with a very red vascular membrane, like scarlet

cloth, llie internal ligament of the joint or

ligamentum teres was fully three inches long,

and much stronger than usual (^//g. 309); it
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Fig. 309.

grew to the cotyloid ligament at the notch, as

is usual, and had no other connexion with the

acetabulum, which contained no Haversian
gland, and was not lined by cartilage. The coty-

loid ligament was »-ery flat and imperfect.

Jionet.—In the general as])ect of the bones
of the pelvis and of the femur, there existed a
very striking resemblance between this case

and the former detailed. Tlie os innominatum
of the left or deformed side, together with tlie

femur and other bones of the left lower ex-

tremity, were much smaller than the os inno-

minatum and bones of the right lower ex-

tremity ; the former, besides being deformed,
were also in a state of atrophy in circumference

and length, while the latter were evidently larger

and better nourished than one would expect to

find them in so delicate an individual. In a
word, there was a compensatory growth of the

skeleton on the right side, as it were to make
up for the deficient growth of the left or mal-
formed side. The head of the right femur and
the corresponding acetabulum were both very

large, the right half of the jjelvis too, in all its

bony prominences, was well marked, and the

anterior spines of the ilium were inverted ; the

inter-vertebral substance intervening between
the last lumbar veitcbra and base of the sacrum
was much thicker than usual.

Section II. Disease.—The abnormal ap-
pearances we notice in the articulation of the

hip, produced by disease, are usually the result

of inflammation, which may have been either

acute or chronic; arising either in the synovial

membrane, the cartilage, or the bone. Indeed,

in modern works on the diseases of the joints,

we have laid down for us rather positively the

symptoms and anatomical characters of syno-
vitis, chondritis, and osteitis ; but much as we
would wish to adopt an arrangement that the

pathology of Pinel and Bichat would suggest,

and which comes commended to us by the ex-

perience of Brodie, we do not think that tliis

arrangement can be strictly adhered to. In
acute rheumatic arthritis, we have the synovial

or fibro-synovial structures of the articulation

engaged, with little, if any, implication of the

cartilage or bone, but in any of the cases com-
monly denominated " disease of the hip," the

inflammation, as far as our experience has gone,

never long confines itself to anv one itructure

entering into the composition of"^ the joint. In
a work, however, like this, the opinions of the

highest authorities on such a question must be
quoted. According to Sir Benjamin Brodie,*

synovitis coxbe, or inflammation of the syno-
vial membrane of the hip-joint, may take place
in diflerent degrees of intensity ; but for the

most part it has the form of a chronic or slow
aflTection, which, while it impairs, does not de-
stroy the Ainclions of the articulation. In the
hip, less frequently than in other joints, is tha

fluctuation of the eflused fluid perceived, but
the existence of swelling is sufficiently evident
beneath the muscles : there is fulness of the

groin and pain, which is not " referred to the

knee, as in cases of ulceration of cartilage, but
to the upper and inner part of the thigh, im-
mediately below the origin of the adductor
loiigus ; the weight can be borne on the af-

fected limb, and pressure against the heel gives

no pain ; this (the pain) is often severe, yet it

does not amount to that excruciating sensation

whicfi exhausts the powers and spirits of the

patient, in whom the cartilages of the hip are

ulcerated."

The following case Sir B. Brodie adduces as

an example of inflammation of the synovial

membrane of the hip, terminating in dislocs"

tion.

Master L.,t being at that time about eight

years of age, was attacked towards the end of
September, 1824, with what was believed

at the time to be inflammation of one of
the parotid glands, attended with a good deal

of fever ; after six or seven days, and appa<.

rently in consequence of the application of

cold lotions to the cheek, the inflammation left

the parotid gland, and attacked one shoulder and
arm ; and at the end of two or three days more
it left the shoulder and attacked one of the hips.

For six or eight weeks he suffered most severely

from pain referred to the inside of the thigh,

extending from the pubes as low down as

within two or three inches of the inner con-

dyle of the femur, and attended with a great

deal of fever. There was no pain in the knee.

The surgeon who was then in attendance ap-

plied leeches to the hip, lotions, &c. &c., and
afterwards made an issue with caustic behind

the great trochanter. The fluctuation of fluid

was perceived at the posterior part of the hip

;

and it was supposed that an abscess had

formed ; however, no puncture was made, and
the fluid gradually l)ecame absorbed. In

Mareh, 1825, Master L. was sufficiently well

to be able to walk about, but it was discovered

that the limb was shortened. In November,

1825, Sir B. Brodie was consulted respecting

him ; at this time there were all the marks of a

dislocation of the hip upwards and outwards,

the limb was shortened, the toes turned m-
wards, and the head of the femur was distinctly

to be felt on the posterior part of tlie ilium,

above the margin of tlie acetabulum.

Now, if we may be permitted to give an

* On Diseases of t)ic Joinu, 3d edit.

t Cue XI. Brodie, pa£« SI, 3d editioa,

3f a
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opinion as to this case, we would cer-

tainly qnestion much the correctness of the

conjecture, that the inflammation of the hip-
joint was altogether limited to the synovial

membrane : no doubt, so far as the hip was
concerned, the inflammation began in the syno-
vial structures ; but who can doubt that in this

case the cartilages became secondarily en-
gaged, that the acetabulum itself was after a
time implicated, and diat an abscess had
formed ? For our parts, we have little doubt
that all the structures entering into the compo-
sition of the articulation were implicated in tlie

inflammation of the joint.

It has been above stated, as the opinion of
the author now cited, that synovitis has for the
most part the form of a chronic afl^ection, but
as a proof that a disease, apparently slight,

and of a part no way concerned in the vital

functions, may produce such a degree of dis-

turbance of the constitution as rapidly to occa-
sion death, he adduces the following case.*
Sir B. Brodie considers it a case of inflam-

mation of the synovial membrane, (synovitis
coxa',) which ran its course to a fatal termina-
tion in the short space of a week.
A young lady, nine years of age, being at

play on the 1st of January, 1808, fell and
wrenched her hip ; she experienced so little

uneasiness, that she walked out on that day
as usual; in the evening she went to a
dance, but there was seized with a rigor, was
carried home, and put to bed. Next morning
she was much indisposed, and complained of
pain in the thigh and knee ; on the following
day she had pain in the hip, and was feverish.

These symptoms continued ; she became deli-

rious, and died just a week from the time
of the accident. On inspecting the body on
the following day, the viscera of the thorax and
abdomen were found in a perfectly healthy
slate. The hi|>joint on the side of the injury

contained about half an ounce of dark-coloured
pus, and the synovial membrane, where it was
reflected over the neck of the femur, was
destroyed by ulceration for about the extent of
a shilling. This was an awful case, and such,
fortunately, are rare ; however it has been our
lot to witness some very similar in their course
and unhappy termination, and we have always
looked upon them as specimens of that terrible

disease "diffuse inflammation."
The next case. No. XVI. in Sir B. Brodie's

work,t we look upon exactly in the same light.

The following the writer saw under the care of
his lamented friend, the late Dr. M'Dowel.

Synovitis cox/e with periostitis succeeding to

a full on the hip—dtatit in eight duys.—Peter
Neale, at. 12, admitted into the Richmond
Surgical llospiUil, January 11, 1833. Four
days previous to admission he fell from a wall
of moderate height, on the left hip, which was
so much contused, that he was unable to stand
upon the limb, and was carried home. Tlie
pain and constitutional disturhuice increased
daily ; on admission it was found that the left

hip-joint was very tense and swollen; the pain

was so excruciating that he was unable to move
in bed without assistance ; his countenance

anxious, sunken, and expressive of intense suf-

fering, tongue furred, black sordes on his teeth ;

he was delirious, and screamed without inter-

mission ; his hip became more tender, tense,

and swollen ; he also now complained of pain

in the right shoulder and elbow. To these

symptoms succeeded drowsiness, tendency to

coma, occasional muttering delirium; he now
had a peculiarly wild and frightened look.

He died on the morning of the loth ; the

fourth from his admission into the hospital,

and the eighth from the time of the fall on the

hip. The post-mortem examination took place

four hours after death. On cutting through the

left glutaeal muscles, matter issued from nu-
merous small points ; the muscular fibres were
of a deep red colour ; the periosteum was de-

tached from the entire of the ilium by a quan-
tity of dark brown pus, which passed through

the great sciatic notch, and separated the mem-
brane from tlie whole concavity of the bone,

which was of a pink colour; the fluid had
passed through a small ulcerated opening in

the capsule of the joint from the cotyloid

cavity ; small portions of lymph were found on
the head of the bone, and the synovial mem-
brane, covering the fatty mass at the bottom of

the acetabulum, bore evidences of acute mflam-

mation having existed here ; and the surface of

the synovial membrane was also covered with

lymph. There was no ulceration of the carti-

lages. The right shoulder-joint healthy. In
the right elbow-joint a fluid in small fiuantity,

resembling that which was contained in the

hip-joint.*

Cartilage.—The inflammation and ulcera-

tion of the cartilages of the hip-joint are said by
Sir B. Brodie to be most frequently met with

in those who have passed the age of puberty,

and who are under thirty or thirty-five ; but
that they are sometimes seen in young children,

and occasionally in those advanced in life

:

when the cartilage covering the bones which
enter into the articulation of the hip-joint are

affected, the progress of the case is slow; the

pain is at first trivial, the degree of lameness

slight; but as there is no effusion of pus or

increased secretion of synovial fluid, there is no
appreciable external swelling ; but the pain,

the wasting of the limb, and lameness gra-

dually increase, with the spasmodic startings,

and abscess and dislocation follow, as in cases

in which the inflammation originated in other

tissues. To exhibit the disease of the cartilage

where this structure alone is engaged, we must
have some opportunity of witnessing it in an
individual who has died of some other com-
plaint. The following case well illustrates the

opinion of the first authority on such a sub-

ject.

John Catraah, 44 years of age, was admitted

into St. George's Hospital on the 29th of Sep-

tember, 1813, with pains of the lower limb of

• Case XV. p. 64, 3d edit.

t Page 65,3d ediiicm.

' .Sec Dr. M'Dowel's observations in the 3d and
4ih volume of the Dublin Journal, on Synovitis, &c.
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the right side, extending from the lii|> to the
knee, and resembling the pains of rhcumutisro.
He attributed tliese pains to his having caught
cold about a month before his admission. He
laboured also under a complaint of his bowels,
of which he died on the 4tli of December. On
dissection, no preternatural appearances were
discovered, except in the right hip. The cap-
sular ligament and synovial membrane were in

a natural state, the cartilages covering the head
of the femur and lining tlie bottom of the ace-
tabulum were destroyed by ulceration in about
one-half of their extent, and wherever the carti-

lage was destroyed an ulcerated surface of bone
was exposed ; the round ligament was readily
torn in consequence of ulceration having ex-
tended to it at the part where it was inserted
into the acetabulum. Tlie bones possessed
their natural texture and hardness ; there was
no pus in the joint. It was observed that the
ulcerated surface of the acetabulum correspond-
ed to that of the femur, these surfaces being
exactly in contact in the position in which the
patient had remained since bis admission into
the hospital.

Mr. Aston Key, from the cases he had an
opportunity of examining of ulceration of the
cartilage of the hip-joint in the early stage of
the disease, is of opinion that the ulceration of
the cartilage is precede<l by inflammation of
the ligamentum teres. He adduces the follow-
ing interesting case.

A young female, who, for six months prior
to her death, had laboured under the usual
symptoms of chronic inflammation of the hip-
joint, and when the symptoms had nearly
yielded to the treatment employed, was attacked
with another disease, of which she died.

The ligamentum teres was found much
thicker and more pulpy than usual from inter-
stitial effusion ; the vessels on its investing syno-
vial membrane were distended and large, with-
out being filled with injection. At the root of
the ligament where it is attached to the head of
the femur, a spot of ulceration in the cartilage
was seen commencing, as it does in other joints,

by an extension of the vessels in the form of a
membrane from the root of the vascular liga-

ment. The same process had also begun on
the acetabulum, where the ligamentum teres
was attached*

Bone.—Tlie scrofulous affection of the hip-
joirt or morbus coxe of Ford is, according to

modern writers, a specimen of strumous osteitis.

The disease, as far as the hip-joint itself is con-
cerned, commences deep in the cancellous
structure of the bones, and in general is re-

markably slow in its progress.

While the disease goes on in the cancellous
structure of the bones, before it has extended
further, and while there is no swelling, the
patient experiences some degree of pam, which,
however, is never so severe as to occasion seri-

ous distress ; it is often so slight, and increases

so gradually as scarcely to be noticed ; after a
time the external parts sympathize with those
within, and serum and coagulated lymph being

• See Medico-Chirargical Transactions, vol. xviii.

elTuwd into tliu cellular membrane, the joint

appears swollen : should the patient be a ihild,

it not unfrequently happens that this swelling

first attracts the atlention of the nurse or pa-

rents. The swelling is puffy and elastic, with

blue veins meandring over its surface, but
tltough usually more in degree than in those

cases in which ulceration of the cartilage occurs

as a piimary disease, it is not greater in ap-
pearance, because the muscles of llie limb are

not equally wasted from want of exercise ; the

pain increases, but is not severe until matter

has formed, and the parts over the abscess have
become distended and inflamed, but then it is

immediately relieved upon the abscess burst-

ing. The skin, under these circumstances,

assumes a dark red or purple colour, the ab-

scess is slow in its progress, and when it bursts

or is opened it discharges a thin pus, with por-

tions of a curdy substance floating in it; after-

wards the discharge lessens in quantity, be-

comes thicker in consistence, and at last nearly

resembles the cheesy matter which is found in

scrofulous absorbent glands. In most instances

several abscesses take place in succession, but
at various intervals, some of which heal, while

others remain open, assuming the form of fistu-

lous sinuses, at the bottom of which carious

bone may be distinguished by means of a
probe. The principal difference which is to be
observed between the symptoms of this affec-

tion and that in which the cartilage is primarily

the seat of inflammation, is in the degree or

amount of pain which the patient endures, and
which is much greater in the latter than in

those cases where the disease exists in the can-

cellous structure of the bones. A girl laboured

under an affection of the hip-joint, in which
the nates were flattened, ana an abscess had
broken on the outside of the thigh, but it was
observed she had suffered comparatively little

pain. Under these circumstances she died,

and when, says Sir B. Brodie, I was about to

examine the body, I observed to those who
were present, that there was little doubt but
that the origin of the disease would be found

to have been, not in the cartilages, nor in the

bony surfaces to which they are connected, but

in the cancellous structure of the bone. The
appearances verified this remark : the cartilages

were ulcerated and the bones destroyed to

some extent ; the latter were soft, so that they

might be cut with a scaljiel, and on dividing

the articulating extremity of the femur longitu-

dinally, a considerable collection of tliick pus
was found in the neck of tliat bone below the

head, which either had not escaped at all, or

had escaped in very small quantity by oozing

through the cancelli which were interposed be-

tween it and the cavity of the joint. The hip-

joint wears externally the peculiar aspect of a

white swelling, and internally tlie anatomical

structure will be found similar. In this disease

of the joints the cancellous structure of the

bones is the part primarily affected, in conse-

quence of which ulceration takes place in the

cartilages covering their articulating surfaces.

The cartilages being ulcerated, the subsequent

progress of the disease is in many respects thft
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jiime as where the ulceration takes place iu

them in tlie first instance. Kust is of opinion

that, under the influence of the disease in ques-

tion, the head of the bone becomes more volu-

minous than in the normal state, and that from

its gradual increase the cavity destined to re-

ceive it can no longer contain it ; that the cen-

tre of the eminence becomes very vascular and
softened, and presents evident traces of inflam-

mation, which Rust thinks always begins in

the membranous medullary tissue which occu-

pies the interior of the cancelli of the head of

the bone. Hoche and Sanson, from whom we
have taken this account of Rust's opinion, add
that sometimes the articular head of the bone
is not changed in volume, but that the cavity

for receiving the head is filled by a swelling of

the cartilage which clothes it, and by that of

the cellular flocculi or Haversian glands.

Having stated the opinions of those who
would wish to arrange and distinguish from
each other the diflerent morbid afleclions of the

hip-joint according to the different structures

they originate in, we regret to feel obliged here

to express our dissent from this arrangement,

as we find the greatest difficulty in adhering to

it practically.

We have no doubt but that the disease of

the hip, whether acute or clironic in its attack,

may begin by an inflammation of the synovial

membrane of the joint, and that occasionally,

particularly in scrofulous subjects, the cancel-

lary structures of the bones may be the first

seat of the local disease ; we might even yield

an assent to the opinion of some, that the car-

tilages may in rare cases be the structures first

engaged ; but if we seek for facts to convince

the mind of the truth of all such speculations,

we shall find but little that is satisfactory to

guide us. Post-mortem examinations seldom
reveal to us the state of the joint, until the dis-

ease has made great ravages, and until several

structures have been implicated ; the external

signs of synovitis, chondritis, and osteitis, can-

not, in our judgment, be distinctly recognized

in all cases in an articulation so covered by
muscles and so remote from the surface as the

hip-joint is. We feel convinced, therefore,

that in the present state of our knowledge
the effects of disease on the articulation of

the hip may be best considered under the fol-

lowing heads: 1. acute arthritis coxiE ; 2.

chronic strumous arthritis coxae ; 3. chronic

rheumatic arthritis coxse.

1 . Acute Arthritis coxa.—The following case

presents an example of an ordinary case of acute

arthritis coxa;. Daniel Reddy, set. 18, a labourer,

was admitted into the Richmond Hospital on
the llthof October, 1838. Henowhadall the

symptoms of a very severe attack of acute inflam-

mation of the hip-joint. He .stated that he had
always been remarkably healthy until about

four weeks ago, when in consequence of having

lain for some hours on damp grass, he had a

shivering, which was succeeded by fever ; on
the following morning he had severe pain deep
behind the great trochanter ; he became so very

lame and unable to walk from the pain in his

left hip-joint, that he was compelled to keep

liis bed ; he also complained of pain in tlie

groin and startings in the limb. When the

patient was supported as far as it was possible

in the erect position, we observed posteriorly

that there was a remarkable flatness and breadth

of die nates of the affected hip, and that its

lower fold had disappeared ; there was a gra-

dual pyriform tapering down of the hip into

the thigh, which was already much wasted; the

pelvis itself was rotated on the spine, the left

side being directed backwards, and the spinal

column mucli curved forwards, rendering the

abdomen very prominent in this direction.

There was at first an apparent elongation of the

limb, which soon became flexed on the jielvis,

and so strongly adductcd as to cross the median
line, if the term adduction can be so applied.

There was great heat all around the hip-joint

;

when pressure w;vs made either on the great

trochanter or in the groin, it caused great pain

to the patient, and if the least movement was
communicated it seemed almost insupportable.

In bed he lay on the right or sound side, with

the left side of the pelvis directed backwards,

the left thigh and leg both much flexed and

directed inwards, as already remarked, across

the middle line ; he kept the limb by holding

it grasped with both liands near the knee.

There was some fulne.'-s, fluctuation, and ten-

derness on pressure over the left iliac fossa, and

shooting pain passed down to the knee. There
was constitutional fever and much general heat

of surface. To rest and active treatment by

leeching, blistering, and calomel with opium^
his symptoms yielded for a time, then he re-

Ic^psed, and such alternations occurred thrice,

and then all the urgent symptoms subsided.

In March his fever and constitutional distur-

bance had disappeared, and from the recovery

of his flesh and expression of countenance, we
judged that this attack had passed over, but

had left him liable to fresh and dangerous re-

turns of inflammation from the most trivial

causes, either local, such as injuries, or consti-

tutional. In April there was a shortening of

one inch and a half, the foot of the aflfected

limb rested on the instep of the other m stand-

ing, and in lying the knee was supported

by a cushion placed above the other knee ; ad-

duction extreme ; and although the thigh, leg,

and foot were habitually somewhat inverted,

eversion was admissible ; behind there was a,

great widening of the buttock and retraction

of the trochanter major ; no fluctuation of

matter could be felt about the joint, nor had
he any pain in the knee or hip.

Such, we imagine, is the more ordinary

course of acute arthritis coxae. In this case

acute synovitis followed the lying ou the damp
grass ; there was noticed an apparent elonga-

tion of the limb, which was of very short dura-

tion, and was succeeded by a shortening at first

very trifling, scarcely appreciable, but after a

month half an inch, and at last fully an inch

and a half. In consequence of the very decided

elevation on the dorsum ilii of the great tro-

chanter, with the habitual inversion, flexion,

and adduction of the whole limb, we might be

led to infer that in lliis case the articular liga-
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tnent and librous capsule had yielded from

ulceratiuii, and the muscles had dislucated the

head of the femur from the acetabulum on
the dorsum ilii ; but the shortening was not

sudden, as we have known it to have been in

such cases, but gradual, nor by a careful ex-

amination of the dorsum of the ilium, and

searching deeply behind the situation of the

great trochanter, could we feel the head of tlic

femur where it should be, were it really dis-

located from the cavity of the acetabulum, nor

by a forced rotation inwards of the whole limb

could the head of the bone be rendered mani-
fest. Our strongest reason, however, for con-

cluding that the head of the bone is not really

luxated on the dorsum ilii is, that althougli

the foot may habitually be directed a little in-

wards, still the foot is susceptible of rotation

outwards to a greater extent than is com|Hitible

with any idea of the head and neck of the

femur being thrown, as in the ordinary luxation,

on the dorsum jlii.

The following case of acute arthritis coxse

presents a remarkable example of this atlection,

in which the course of the disease was rapid, its

symptoms obscure, and death occurred sud-

denly and unexpectedly.

On the lUh of Januai>, 1829, I was
requested by my friend Mr. Speedy, then

one of my pupils at the Richmond School of

Medicine, to assist him at the post-mortem ex-

amination of a grenadier, who died witl> a

psoas abscess ratlier suddenly and unexpect-

edly. The man, aged 32, had been only one
month complaining of pains about his loins

and hip-joint, and was only a few days confined

to bed. The body was thin, though not ema-
ciated ; in the inguinal region a large fluctua-

ting swelling was perceived, which evidently

extended into the abdominal cavity, and had
assumed the situation and form of a psoas

abscess. While cutting into the cavity of the

abdomen, pus was noticed to issue from some
of tlie veins which were divided, and particu-

larly from the epigastric. When the abdomen
was opened, we obseived that tlie sheatli of the

psoas muscle was distended as high up as llie

diaphragm, and on puncturing it a quantity of

purulent matter escaped. A second abscess

was discovered in the true pelvis, which ex-

tended from the back part ol the thyroid fora-

men to the sacrum, lying outside the bladder

and rectum. We next laid fully open the

sheath of the psoas muscle, which we observed

had not been organized into the usual form of

a cyst, and search was made for some point of

diseased bone along the spinal column, but

none was found here; we then directed our

attention to the hip-joint ; we found the cap-

sular ligament jieriect, except where it arises

from the transverse ligament of the notch

near the thyroid foramen. Here a large per-

foration existed in the capsular ligament,

tlirough which the linger could be |)assed on

through the thyroid foramen into the interior of

the abscess in the true pelvis ; the sac of this

last abscess we traceil as high as the bifurcation

of the aorta and junction of the common iliac

veins with the vena cava; here this latter vessel

was found firmly adherent to the sac, and on

carefully removing both in connection, and

slitting up the vena cava posteriorly, we had a

view of a perforation in its anterior wall, close

to its junction with the iliacs; this perforation

was large enough to admit a goose-quill, and

established a free communication between the

vein and the cavity of tlie abscess, by which

blood and purulent matter had an easy passage

firom one to the other. How long this commu-
nication had existed we could not asceruin ;

but thus was satisfactorily explained the extra-

ordinary phenomenon which had attracted our

attention in an earlier stage of the dissection,

viz. the issue of pus from some of the veins of

the abdominal parietes which were cut across.

On prosecuting the examination still further,

we found that close to the anterior inferior spine

of the ilium and iliopubal eminence, where the

united tendons of the psoas and iliacus mus-

cles pass over this part of the horizontal ramus

of tlie OS innominatum, a vertical perforation of

tlie brim of the acetabulum existed, half an

inch deep, of a funnel shape, with its largest

part towards the acetabulum, and capable of

allowing at its smallest part a large sizea bougie

Fig. 310.

to pass ; through this the matter had passed up

and elevated the psoas muscle or distended its

sheath, which thus presented the ordinary cha-

racters of a psoas abscess, but which we learned

had appeared suddenly and without having

been preceded by the usual premonitory sig^s.

'Hiere was no trace of cartilage. Haversian

gland, or synovial membrane on the acetabu-

lum; the round ligament was gone, and the

cartilaginous covering of the head of the femur

had been removed, as well as the wnovial

membrane of the neck of this bone. The ex-

posed surfaces of the bones were carious, but

the acetabulum had suffered mote particularly

;

it was deeper, but not wider than usual ; its

fundus, where formed by the ischium, was thin

as pai)er, but yet no p«rforalion had taken
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place in this part of the cavity, as thickened
periosteutn supported the bone, while tlie ulce-

rative absorption was so active in the interior

of this cavity, removin;; the bone, osseous
spiculae or stalactiform growths, such as we are

familiar with as being produced around scro-

lulous joints, had been deposited around the

entire circumference of the acetabulum ; some
of these liad much narrowed the usual extent
of tlie obturator foramen, at that point where
matter liad passed from the joint into the inte-

rior of the pelvis. Tlie bones have been mace-
rated and preserved in the Richmond School
Museum, and verify many of the statements

made relative to this very singular case.

What influence the communication between
the cavity of the abscess and the interior of the

vena cava liad in producing the fatal result in

this case, we do not feel ourselves called upon
to determine, nor is tliis the place to dwell on
this obscure subject. Tlie usual phenomena of

apparent elongation at first and real shortening

of the limb afterwards, either did not exist or

were so trifling as not to be appreciated in this

case, and the disease ran its course rapidly to a

fatal termination, the head of the bone remain-

ing in its normal position in the acetabulum.

It was probably from having witnessed such

cases as the foregoing that that experienced

surgeon, Boyer, was induced to make the fol-

lowing remark :
—" On a observe un varitte de

la carie qui n'attaque que le fond de la cavite

cotyloide ; de sorte que ce fond seulement est

detruit, tandis que ces bords restent intacts

;

alors la matifere purulente de mauvaise qualite,

qui la remplit, se poite jusque dans le bassin,

ou elle forme uu foyer plus ou moins conside-

rable ; dans ce cas, la maladie fait perir le

sujet, sans deplacement du femur."

We will adduce but one example more of

the acute arthritis coxae, with the post-mortem

examination.

Alexander Clarke, set. 17, on admission into

the Richmond Hospital, it was observed that

there was much swelling about the hip-joint;

the integuments over it were tense and shining,

the glands in the groin were swollen and very

tender; he suffered from pain, shooting to the

knee and spasmodic startings, which awoke
him at night; he could not permit the slightest

motion of the limb, which was shortened one

inch and a quarter ; it was habitually inverted

and flexed on the trunk ; the constitutional dis-

turbance was considerable. From tlie treat-

ment adopted he derived benefit, and a partial

recovery resulted. He left the hospital, but

soon returned, in consequence of an aggravation

of all the former symptoms, caused by a fall on

the diseased hip. A deep ab.scess formed in

the groin and extended under Poupart's liga-

ment ; hectic symptoms showed themselves.

There were alternate diarrhcea and attacks of

vomiting. The abscess in the iliac fossa in-

creased, the tumefaction around the joint dimi-

nished, the shortening and inversion of the limb

became greater, and oedema of the foot and leg

occurred ; he now became suddenly insensible;

his left arm was totally paralyzed, while the

right was convulsed and con.slantly in motion ;

his face too was distorted by twitchings, and he

passed his discharges involuntarily ; he lay thus

for several days and died, being in all eighty

days ill.

Post-mortem examination.— Upon cutting

down to the hip-joint the capsular ligament was
found to have been extensively removed ante-

riorly; posteriorly and laterally it was not ulce-

rated, but seemed to have been greatly length-

ened and widened ; the synovial membrane
was lined with a yellowish-green membrane,
just like what we see investing the interior of

the sac of an old chronic abscess ; the ligamen-

tum teres and cartilage, which invested the

head of the bone, had been removed, the bones

were rough, unusually red and vascular, and

were coated with yellowish-green lymph ; the

acetabulum was much enlarged, and the head

of the bone was drawn to the upper and outer

part. The left iliac fossa was entirely filled by
an immense abscess, lying between the muscle

and bone, passing down under Poupart's liga-

ment as far as the lesser trochanter. The iliac

vessels and the anterior crural nerve were

pushed forwards ; half an inch below Poupart's

ligament a process of the abscess had passed

outwards and backwards, which communicated

with the hip-joint, and having the muscles pos-

terior to the joint, which were thinned and

matted together, to form its wall in that direc-

tion. In the brain purulent matter was found

on the arachnoid surface as well as between the

several convolutions of the right hemisphere.

The neighbouring portion of the brain was

softened and vascular; there was no effusion

into the arachnoid sac or into the ventricles.*

Sometimes the acute arthritis coxa^ is an

essential disease, and the only one present at

the time in the constitution, being simple and
confined to the one articulation, as in the case

of Reddy before quoted. Sometimes, however,

the acute inflammation of the hip-joint is a

symptom of another disease. In acute rheu-

matic fever the hip-joint is, in its turn, some-
times severely visited. Finally, the cases yet

published of acute periostitis and synovitis

combined, and of acute puerperal rheumatism,

in which the hip-joint became implicated, need

not be discussed here. We are of opinion that

such cases should be looked upon as true spe-

cimens of that almost intractable disease called

diff'use inflammation.

Anatomical characters.—From the post-mor-

tem examinations of cases of acute arthritis

coxa; which have been hitherto made, we can

collect that all the structures around the joint

arc in a state of active vascular congestion.

The synovial membrane and subsynovial struc-

ture present the ordinary characters of active

congestion and the results of acute inflamma-

tion. Sometimes there is an increased secretion

of synovial fluid, and sometimes, in its stead,

purulent matter distends the articulation. The
synovial membrane, where it is reflected over

the neck of the femur, has been found de-

• See Dublin Journal, vol. iii. and iv., also pre-

paration in the Richmond Hospital Museum, which
the wiiier has recently inspected.
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slroyed by ulceration. Sometimes the purulent

matter has been known to have escaped from
tlie articulation by ulcerated openings in the

capsule of the joint, and to have passed into

the pelvis, and penetrated between the muscles.

The fatty mass at the bottom of the acetabulum
has been found swollen, inflamed, and covered

with a membranous layer of lymph, at the

same time in some of these cases the neigh-

bouring periosteum has been found detached

from the bone, which was redder than usual.

These are appearances which have been noticed

in those who have died of acute arthritic in-

flammation, whether it may have arisen from

difl'use iiittammation or simple acute disease

confined to the one articulation. In acute

cases, actual dislocation of the bones, we be-

lieve, has not been noticed, as the disease seldom
arrives at its second or third stage under such

circumstances, but the cartilage and synovial

membranes have been altogether destroyed, and
the porous structure of the bones has been ex-

posed, digital depressions have been seen pro-

duced by acute caries in the acetabulum and
head of the femur. The bones have then pre-

sented a rough vascular surface, and in many
cases lymph has been found to cover the con-

vexity of the head of the thigh-bone and to line

the acetabulum. The head of the femur some-
times is but little altered, either as to form or

position, but when the acetabulum is largely

excavated by disease, the head of the thigh-bone

will be found to be drawn by the muscles to

its upper and back part. Even in acute arthri-

tis coxae in the young subject, the epiphysis of

the head of the femur has been found de-

tached.* The ligamentum teres is genernlly

absorbed early, and the capsular ligament is

usually ulcerated in some one part, so that, on
the post-mortem examination, the bones are

found to be very moveable on each other. They
are usually observed to be highly vascular, and
some imagine the head of the femur is en-

larged. Hyperosteotic depositions or stalacti-

form productions, which are very friable, exist

around the diseased joint.

2. Clironic strumous arthritis coxa.—The
scrofulous disease of the hip-joint is very gene-

rally slow in Its progress, and is seldom seen,

except in persons who bear other evidences of
the strumous diathesis ; there are examples of

it occurring in mdividualswho have passed the

age of thirty years, though generally seen in

those of more tender years. This affection of

the joint, although slow and insidious in its

attack, yet is attended with the usual pheno-
mena of an inflammatory or sub-inflammatory

action. Many of the writers who have de-

scribed the " disease of the hip-joint," have
assigned to it three periods or stages, as Ford
has done, while succeeding authors have added
to the description of the three stages of Ford, a
period which they call the period of the inva-

sion of the disease. In this their first stage,

there is pain in the thigh, extending to the

* See a preparation in the museum of the Col-
lege of Surgeons, Dublin, prewnted by the late

Professor Todd.

knee, which appears and disappears alternately

;

a marked weakness in the thigh, and a sense of
feebleness in the whole limb; the gait is limp-
ing, and some tension is felt in the groin. This
period lasts sometimes but a few days, at other
times many months. In the second period the
limb is wasted, and apparently, though not really,

elongated ; the trochanter is placed lower down,
and 13 more outward than that of the opposite
side ; the buttock is flattened, and its fold is

lower than natural ; the patient's lameness is

characteristic ; he moves the affected limb
round with a shuffling motion, the foot scraping
the ground, and he sometimes assists the eleva-

tion of the thigh with his hand. At this time
the knee is painful, and not unfrequently a
pufly swelling appears in it, both which cir-

cumstances ol\en too much attract the attention

of patient and surgeon, and divert it from the
true seat of the disease. The third period
is characterized by a real shortening of the
limb ; this is sometimes sudden, and the im-
mediate consequence of caries of the brim of
the acetabulum and luxation of the head of the
femur upward and backward on the dorsum of
the ilium. The shortening of the limb, however,
is more commonly gradual, and the consequence
of the slow ulceration and widenmg of the ace-
tabulum.

It has of late been truly observed, that the
luxation is not so common as generally ima-
gined, but when it does occur, it usually takes

place in the direction upwards and outwards

;

when the fibrous capsule and other ligaments
are destroyed by ulceration, the head of the
femur escapes by the superior and posterior

part of the acetabulum, and obeying the action

of the glutaei muscles, it glides from before
backwards and without inwards upon the con-
vex surface of the ilium ; the thigh is flexed,

adducted, and turned with a strong rotation in-

wards ; the great trochanter approaches the
crest of the ilium, the muscles are raised up by
the head of the femur, and the buttock is

rounded, and becomes very protuberant poste-
riorly. Although this is the direction in which
the luxation usually takes place, still it has
been noticed to have occurred in a direction

horizontally backwards towards the ischiatic

notch (Earle). It has also been seen in the
direction downwards and inwards towards the

foramen ovale, in which case the limb is elon-
gated and directed outwards. Still more rarely

has it been thrown upwards and inwards on the

horizontal ramus of the pubis. In one in-

stance, says Brodie, I have seen the dislocation

in the direction forwards, the head of the femur
resting on the pubis, the knee and toes being
turned outwards.

It would be wrong, however, to suppose that

a true dislocation of the head of the femur
from the ulcerated acetabulum is a very com-
mon occurrence; although all these cases,

above alluded to, have been witnessed, we be-
lieve very frequently the shortening of the limb
in the third and fourth stage of the disease

arises from ulceration and widening of the ace-

tabulum and destruction of the head of the

femur. The head of the femur sometimes sepa-
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rates at its epiphysis from tlie neck of tlie bone,

and the latter is drawn up, (fg. 311,) and the

Fig. 311.

whole limb shortened greatly, and the toes are

as much everted as when fracture of the neck

of the femur occurs from accident. The sliort-

ening is usually, but not invariably, the pre-

cursor of abscess ; wlien tliis occurs, the disease

i» in its fourth stage. This period, or that of

of the formation of matter, is generally marked
by an aggravation of the pain, by frequent

spasms and starlings of the muscles, by greater

wasting of the limb, occasional oedema of the

foot, (which is a very unpromising feature,)

&c. These chronic symptomatic abscesses may
present themselves in various directions ; the

matter may remain for months without under-

going any change, and even after this be rather

suddenly absorbed, or the pus may escape

through openings made by nature or by art

;

the external orifices of these abscesses frequently

degenerate into fistulx, from which exfolia-

tions occasionally take place, and these exfolia-

tions are sometimes so small as to be almost sabu-

lous, sometimes larger pieces come away with

pain ; such are to be considered not unfavoura-

ble indications. The writer has known two ex-

amples of the head of the femur thus separated at

their epiphysis from the neck of the bones; in

these cases the patients recovered, witli tlie usual

deform ity.* Of the numerous situations around

the hip-joint, in which matter has been found

deposited, there is one variety which demands

the special attention of surgeons, in conse-

quence of the difficulty which has been expe-

rienced in recognizing the disease, namely, the

case in which the caries affects the bottom of

the acetabulum, so that the fundus alone is de-

stroyed. Sir B. Brodie met with one case,

• One of these was presented to him by Mr.

Shaw, the surgeon to the Clonard Dispensary, and

is preserved in the Richmond School Museum ; the

other was shewn by Dr. Carlile lately to the Patho-

1 epical Society, Dublin.

where in the bottom of the acetabulum them

was an ulcerated opening, just large enough to

admit a common probe, communicating with

an abscess within the pelvis. Mr. Tagart*

alludes also to a case in which this perforation

exists. ('Figs. 312 and 313.) Of such per-

Fig. 312.

Lancet, vol. i. 1835 and 6, Jan. 2.
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forations the writer has seen in different mu- Fuf.SU.
seums a great variety: in many instances the
opening is small, in others of sufficient size to
admit easily the head of the femur. These
cases are in the beginning obscure, and when
abscesses form, they are concealed within the
cavity of the pelvis.

Anutoiiiical c/uiructers.—When opportuni-
ties have occurred of examining the interior of
the lii|)-joint in those who hare died of other
complaints, this articulation being, at the time
of death, in the early stages of the chronic dis-
ease we are now considering, the adipose
cellular mass which occupies the fundus ot the
acetabulum, the cellular structure which con-
nects tlie fibres of the inter-articular ligament,
the subsynovial cellular tissue which surrounds
the corona of tlie head of tlie femur, as well as
the interior of the bones themselves, have been
found to wear an unusually red appearance
from increased vascularity. The cartilage has
been found softened, to have lost its usual
lustre, to be slightly elevated, and too easily
torn from the subjacent bone ; in some cases
thinned, in others detached in flaps ; in some
it has presented a corroded appearance, and
coincidnig with these changes purulent matter
has been found in the interior of the joint, the
capsular ligament thickened, and the lymphatic
glands in the groin enlarged. In the anatomi-
cal examination of those who have died in the
advanced stages of the scrofulous disease of the
Iiip, if the patient have not arrived at the age
of puberty, we find that very frequently the
original portions of the os innominatum are
separatee! from each other for several lines, that
the epiphysis of the head of the femur is com-
pletely detached from the shaft of this bone;
the greater and lesser trochanters are sometimes
in very young subjects removed by absorption,
and evidence of dev;istating caries is found in
the bottom of the acetabulum. (Fig. 31 1

.)

In some cases the head of the bone has been
found dislocated on the dorsum ilii, previous
to which occurrence all the ligaments have been
destroyed, the acetabulum has the superior and
posterior part of its brim removed by c-aries,

and the bone thus abandoned to the action of
the muscles takes the position it ordinarily
does in the common luxation upwards and
backwards on the dorsum ilii. This complete
dislocation is not so common an occurrence as
generally imagined ; there are, however, some
specimens of it preserved in the museum of the
College of Surgeons in Dublin. In one pre-
paration, the cartilage of the head of the femur
IS perfect, the round ligament is gone ; the fur-
ther ascent of the head of tlie bone on the dor-
sum ilii seems principally restrained by the ob-
turator muscles (Jig. 314). The interesting
circumstance in the preparation to be noticed
is, that the acetabulum is occupied to the level
of its brim with a very dense atheromatous
matter or yellowish green lymph, apparently an
unorganized substance resembling what we see
contained in crude scrofulous tubercles : what
remained of the capsular ligament around the
neck of the femur has been cut crucially, and » Coulson on
the everted edges of the flaps shew the thick- Load. 1837, 4to.
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ness of this ligament, increased to four or five

lines, and caused by tlie interstitial deposition
of something like atheromatous matter.

We have in the foregoing pages alluded to

the different directions in which the head of the
femur has been found dislocated in the third or
fourth stage of this disease, and should here
state the anatomical characters of each luxation,

but we have not facts to guide us in tlie de-
scription.

When a section is made of the bones enter-

ing into the composition of the hip-joint, when
the patient has died of this disease in an ad-
vanced stage, they will be found to be softened
in the interior, and to contain a fatty or a yel-
lowish cheese-like matter in their cells ; when
opportunities have occurred for examination in

an earlier stage of this scrofulous caries, these

oi;gans have been generally found pretematu-
rally red and vascular, (as before stated,) with
a deficient proportion of earthy matter, admit-
ting not only of being cut with a knife without
turning its edge, but yielding and being crushed
under very slight pressure. A modem au-
thor,* after quoting the authority of Lloyd on
scrofula as proof of the truth of some of the

foregoing observations, adds his own opinion,
" that in simple inflammation, uninfluenced by
the scrofulous diathesis, particularly when it

becomes of a chronic character, bone is secreted

in abundance, but that the striking feature

in this kind of inflammation is, the absence of
all secretion or deposit of bone." With the

latter doctrine we cannot at all agree, and must
conclude we do not rightly apprehend the

ihr Diseases

p. 39.

of the Uip-jointj
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author, as we liave very generally found osseous

growths exterior to the hip-joint in the os inno-

minatum and femur, fjij}. 310), as the result

of scrofulous inflammation of the articulation.

These growths are generally friable stalactiform

productions which beset the bones, and are to

be seen in the numerous specimens illustrating

the morbid anatomy of morbus coxee, which

are contained in our museums in Dublin.*

Notwithstanding these osseous productions or

vegetations, the bones are found to have dimi-

nished much in their specific gravity. I have

always found them float when thrown into

water. Tiiese growths are, however, only met

witli in the post-mortem examination of such

chronic cases as have manifested in their course

various alternations of improvement and re-

verses ; they are ahnost invariably found when
the caries of the bones had been arrested, and

an imperfect attempt at anchylosis had been

made.
We have also opportunities of examining

anatomically the hip-joints of persons who have

had this disease in their youtli, in whom it had

been arrested in the second or third stage, and

who had attained advanced life, and died of

some other complaint. In some, besides the

bony growths already alluded to, we find ex-

amples of anchylosis or of afalse joint ; indeed,

although an absolute union and consolidation

of the bones, viz. the os innominatum and

the head of the femur may not have taken

place, still in most cases there is very little

real motion of the two bones upon each other
;

the flexor and adductor muscles of the thigh

and hip-joint are usually in a state of spastic

contraction ; they admit of but little increase

of flexion : whenever we attempt extension, we
find the thigh is readily brought down from

the abdomen, the lumbar vertebrse are arched

forwards, and this portion of the spine and the

sacrolumbar articulation are the seat of motion,

which often is erroneously referred to the hip-

joint. The OS innominatum follows the head

of the femur just as freely almost as the scapula

accompanies the various changes of position

impressed upon the humerus, when anchylosis

of the shoulder-joint has taken place. I was

called upon about eight years ago to examine

the body of a woman, aged 26 years, who died

in the Whitworth Hospital of an acute disease.

This young woman had walked very lamely for

many years, in consequence of her having had

a most tedious and dangerous attack of hip-

disease twenty years before her death, but after

her recovery from the first attack she never had

any pain or inflammation in the joint ; there

were no evidences of suppuration ever having

occurred ; marks of issues were on the nates.

When making an examination of the struc-

tures around the articulation and of the joint

itself, the muscles were found remarkably

firm, but somewhat paler than usual ; the

ligamentous structures around the junction of

t These osseous vegetations we have already

alluded to in this work, when speaking of the chro-

nic strumous arthritis of the elbow ; see p. 79,

Elbow-joint, Abnormal Anatomy of.

the femur with the os innominatum were very

strong, and so close was the union of the bones

that on a superficial view we might easily ima-

gine that true bony anchylosis had occurred.

I removed the bones, and they are preserved in

the Richmond Scliool Museum. The whole
head of the femur has been absorbed, and only

one-fourth part of the neck of the bone remains

;

the place of the cotyloid cavity is supplied by
a rough scabrous surface, of an oval form trans-

versely, and about one inch and one line in this

its longest diameter ; the two rough bony sur-

faces with eminences and depressions con-

fronted to each, and reciprocally adapted, were
joined by a species of strong fibrous capsule

;

no motion whatever existed between these

bones, yet when the ligamentous connexion

between them was cut, it was evident that no
bony union had taken place. In this case the

false anchylosis had occurred in a very unfa-

vourable direction ; the thigh was flexed to so

great a degree that the knee was really elevated

above the level of the hip-joint, and so much
adductedatthe same time, that the knee crossed

much the middle line. When she stood up
straight on the right and perfect limb, the left

heel did not approach within twelve inches of
the ground ; the texture of the bones was as

hard as iron.

We find in a modern author the observation,

which must be admitted to be correct, that true

bony anchylosis of the hip-joint is rare ; but,

he adds, that many pathologists doubt that

such an occurrence ever takes place : that the

many specimens of true bony anchylosis of the

hip we have witnessed, were all examples of

union of bony surfaces in scrofulous cases, we
would not wish to maintain, but we imagine
many of them must have been the result of the

ordinary hip disease cured, as it is called, by
anchylosis. Sir Philip Crampton has shewn
me a very fine specimen of anchylosis of the

hip-joint, which very much resembles the pre-

paration represented (Jig. 312); the acetabu-

lum had been the principal seat of the disease;

it was much widened, and the head of the bone
was drawn towards its upper and outer part,

where firm anchylosis had taken place. In
this case Sir P. Crampton assured me the pa-
tient had a constitution eminently scrofulous.

He got well of the hip-disease by anchylosis,

the thigh-bone having been judiciously pre-

served in a vertical direction during the pro-

gress of the cure. He walked afterwards tole-

rably well, but at the age of 26 became at-

tacked with phthisis, and died. This case

proves that true bony anchylosis can occur in

the scrofulous subject, and that attention may
occasionally overcome the disposition to exces-

sive flexion and adduction of the limb.

The museum of the Richmond Hospital

contains three specimens, in which thejunction

of the OS innominatum with the femur is as

solid as if they formed but one bone, and a
vertical section through the united bones shews
as free a communication of the cells of the

cervix femoris and those of the os innominatum
as if these bones had never been separately

formed. These seem to have been examples
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of early aflections of the hip-disease, in which
little or no displacement of the head of the
femur occurred.

The acetabulum, we know, is generally

widened in this disease, and the head of the

femur is drawn upwards and outwards; if at

this period the innararaation be arrested, true

bony anchylosis may occur ; and if a happy
direction can be given to the shaft of the femur,
a very useful limb may remain, even tliough

the hip-joint itself has lost all motion ; the

sacro-lumbar joint and the neighbouring inter-

vertebral structures admit of much freedom of
motion.

In examining anatomically the hip-joints of

those who, having had the chronic scrofulous

disease of this articulation in their youth, and
have recovered and lived for yeai-s, though
lame, in these, instead of anchylosis, we find

a false joint is formed. Of this imperfect cure

of hip disease we have seen some examples,
and we possess one remarkable specimen of it.

In this the acetabulum was altogether removed,
and a triangular space, encircled by a rounded
brim covered with a compact stratum of bone,

existed. The removal of the neck of the femur
was so complete that a plane or rather concave

sur&ce corresponded to the inner side of the

trochanter major, from which the neck of the

bone naturally arises.

It has been stated that luxation on the dor-

sum of the ilium sometimes happens as a con-

sequence of chronic disease of the joint; some-
times the disease which carried away, in this

instance, the borders of the acetabulum, seems,

as it were, to have been transferred to the new
surface of the os innominatum with which the

head of the femur came in contact, and we find

the process of ulceration has even continued its

course ; again it sometimes happens that an-

chylosis or a false joint has been formed.

Albers and Rust have described the change

which the bones of the pelvis undergo in their

fonn and situation. The pelvis, in those who
have for a long time gone lame, is pushed up-
wards, and the sacrum is flat and straight. In

a few cases, however, it is more curved than in

the natural state ; the coccyx is bent strongly

forwards, and the connexion of the last lumbar
vertebra with the sacrum forms a right angle

;

the ilium of the affected side stands higher, and
has in general a perpendicular direction, and
more of a triangular form ; the external surface

is smooth, whilst the iliac fossa appears more
hollowed than usual ; this hollowmg probably

depends on the action of the iliacus inlemus,

which is greater than that of the glutsei. The
horizontal ramus of the pubes often seems
lengthened and lower than m the natural slate,

and the ischium is usually drawn outwards

and forwaixls ; the perpendicular direction of

the foramen ovale is changed more to a hori-

zontal one, and the opening assumes more of a

triangular form, its base being turned towards

tlie acetabulum. In consequence of the

changed situation of the bones of the pelvis, its

different diameters undergo an essential devia-

tion from the natural slate, the superior aper-

tures of the pelvis arc commonly somewhat

oblique, and the pelvis is broader on the affected

side from before backwards.*

The muscles in advanced cases are in a state

of atrophy, of a greenish hue, and often matted
together ; sometimes they form the walls of

scrofulous symptomatic abscesses, containing a
thin serous pus mixed with flakes ; sometimes
the pus is inodorous, of ordinary character.

Usually the contents of the abscess make their

way to the skin, more rarely to the mucous
surifaces. In more advance<l cases these ab-

scesses are found to contain fetid air and puru-
lent matter of a very bad quality ; in these

latter circumstances we discover either an ex-

ternal or internal fistulous opening ; the walls

of the abscesses have collapsed, and have been
converted into fistulous canals lined by false

membranes ; these have become, as it were, the

excretory canals, through which the matter has

been discharged from the interior of the dis-

eased joint, and through which sabulous mat-
ter, small hard pieces of bone, or pieces as large

as the epiphysis of the head of the femur, as

elsewhere noticed, have made their way. The
abscesses are found, on dissection of those who
have died of morbus coxae strumosx, pointing

or to have opened in various directions.

We have already stated that the capsular

ligament has been found perforated by fistulous

openings, and that in the advanced stage of the

disease little or no vestige of the capsule is lefl.

The abscesses, therefore, we meet with on dis-

section may be considered as reservoirs for the

matter which proceeds from the carious bones

;

occasionally, no doubt, we shall find around
the joint abscesses which have no communica-
tion whatever with the diseased articulation: not

only in the soft parts around the joint have we
met with such isolated collections of matter,

but also in the body of the os ilii, and in the

centre of the trochanter major of the femur.

We have given an account of an acute case

of morbus coxte, in which a psoas abscess was
found to have originated in a carious hip-joint.

The communication of the carious bones with

the interior of the sheath of the psoas took

place through a small perforation in the hori-

zontal ramus of the os innominatum. In this

case also an abscess existed in the true pelvis,

and death was the consequence of it, having
burst into the vena cava. In Mr. Listen's

collection there is a specimen shewing ex-

tensive destruction of the acetabulum, head
and neck of the femur, with several sinuses

leading from the joint, and one in p&rticular

of large size, leading towards the rectum
through the foramen ovale; there is also the

rectum corresponding to this preparation, with

a rounded opening sufficient to admit the point

of the little finger, about an inch and a half

above the anus. In this case the abscess lay

across the pelvis ; by one of its extremities it

communicated with the diseased hip-joint

through the foramen ovale and ulcerated cap-

sular ligament, and by its posterior extremity

with the rectum. The case of pelvic abscess

I have so often adverted to was very similarly

• Coulson, p. 42.
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situated, but instead of opeiiiuj:: by its jxjsterior

extremity into llie rectum, its fundus was ele-

vated somewhat higher in the pelvis, and burst

into the vena cava. The late Dr. M'Dowel, in the

fourth volume of the Dublin Journal, says that

in two cases of hip-joint disease he had seen

several years since, the matter had passed into

the pelvis through the bottom of the acetabu-

lum, and there accumulated in such quantity

as to compress the bladder and cause retention

of urine, requiring the daily use of the catheter.

He also adds, that this route for the matter is

not uncommon, and in its progress that it may
form a tumour of considerable size by the side

of the rectum, and occasionally burst into the

cavity of this intestine. Sir A. Cooper men-
tions the latter occurrence in one instance. Dr.

M'Dowel adds, I had an opportunity of wit-

nessing it. Abscesses take their course from

the diseased joint into the pelvis, and open into

the vagina. Sir B. Brodie mentions a case of

this kind in a child aged 11 years; and in

Dr. Kirby's collection, which he presented

to the College of Surgeons, is a similar ex-

ample. Dr. M'Dowel, in the paper already

alluded to, observes that he is not aware of its

being recorded that an iliac abscess may result

from a caries of the hip-joint, yet in four cases,

he adds, I have found it to occur. The fluid

escaping through an opening on the inside of

the capsular ligament, passes upwards behind
the psoas and ascends into the iliac fossa, de-

taching the muscles from the bone. In such

cases we have considerable fulness in the groin,

which can be traced upwards behind Poupart's

ligament ; from the stretching of the filaments

of the anterior crural nerve more neuralgic pain

attends this case than we usually find in disease

of the hip-joint. The iliac vessels are dis-

placed, become flattened and adherent to the

sac ; from the compression of the vein much
more oedema of the limb is present than in or-

dinary cases. The coecum or the sigmoid flex-

ure of the colon may be considerably displaced

or united to the sac* Sometimes it passes

behind the vessels, and accumulating, it may
compress the bladder and rectum, which then

form the inner wall of the abscess.

In a very interesting case of iliac abscess

which was treated in the year 1833 in the Rich-

mond Hospital, ulceration of a portion of the

ilium adhering to the wall of the abscess oc-

curred, and its contents, after being poured into

the abscess, escaped externally through a fistu-

lous opening near the spine of the ilium ; ulce-

ration also of the external iliac artery took place

about an inch and a half above Poupart's liga-

ment, and sudden death resulted from the

blood escapiug in large quantity into the cavity

of the abscess. The preparation is preserved

in the museum of the Richmond Hospital.

The anterior and crural ner\es are often found
on the stretch. We have already mentioned a

case of this kind, (Clarke,) and Sir B. Brodie

mentions one in which he found two enlarged

" The matter, which is generally prevented from
pas.sinp down into the true pelvis by the connexion
of the fascia tliaca, sometimes makes its way into

this cavity by ulceration of this fascia.

lymphatic glands, each the size of a walnut,

immediately below the crural arch in the fore

part of the joint, and these lay in contact with

and immediately behind two branches of the

nerves, so as to keep the latter on the stretch, like

the strings passing over the bridge of a violin.

We must not forget that the diseased action

in these cases of chronic strumous arthritis is

not confined to the joint. We have seen ex-

amples in the living and specimens in mu-
seums, proving that at the same time both hip-

joints may be engaged in the same individual.

In acute cases we have given an example of the

membranes of the brain having been affected,

so also in chronic cases ; tubercles have also

been found in the lungs, the mesenteric glands

extensively enlarged, and ulcers in the intes-

tines, and tubercular accretions in the perito-

neum.
3. Chronic rheumatism. — (Morbus coxa

senilis, or chronic rheumatic arthritis of the

hip.) By these terms we would wish to de-

signate a very peculiar disease of the hi]>

joint, the morbid results of which are now pretty

well known to pathological anatomists ; but it

must be confessed that very little has been

done to make the profession acquainted with

its symptoms or appropriate treatment.

Histori/ of the disease.—We will venture to

assert that there cannot be a more graphic il-

lustration given of this disease and its conse^

quences than those to be found in the Museum
Anatomicum of Sandifort,who has not confined

his delineations to the head and neck of the

thigh-bone, but has also shewn the various

alterations of form which the acetabulum un-

dergoes.* For many years this disease has

been accurately described in the clinical lec-

tures delivered in the different hospitals in

Dublin, and the importance of distinguishing

it from the other affections of this articulation

has been pointed out. Mr. Benjamin Bell, in

his work on the bones, has, under the head of
" interstitial absorption of the neck of the

thigh-bone," alluded to this disease,and detailed

many of its external signs, as well as the mor^
bid changes which the neck of the bone suffers

;

and in the sixth volume of the Dublin Journal,

Mr. Smith, in a paper on the diagnosis of in-

juries of the hip, has given a very good and
concise account of this remarkable affection of

the hip-joint.

The writer of this article long ago, in his

lectures, gave the name of morbus coxte seni-

lis to the disease in question, but as he has

since met with many instances of it occurring

so early as at the age of thirty or forty, he is

now disposed to substitute for this name that of

chronic rheumatic arthritis of the hip-joint,

and he considers it as the same disease pre-

cisely as he has elsewhere in this work described

as affecting other articulations. (See Elbow,
Hand, Knee, Shoulder.)
As to the cause of this chronic disease of the

hip-joint, we believe little is known. We
have heard it frequently attributed to the effects

of cold and wet ; and an acute attack of rheu-

* Mus. Anatom. Lugduni Batavorum, 1793.

vol, ii. tab. Ixix. ad Ixxiii,
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matic arthritis of tlic irnvjoint proJuced by
cold, we can easily conceive may occasionally

merge into the chronic affection we wish to

describe. We have also reason to think that

falls upon the great trochanter have given rise

to the first symptoms of this disease; but in

many cases no satisfactory cause can be assigned

by the patient for the origin of the affection.

Symptoms, S(c.—Tlie patient complains of

stifthess in the hip-joint and about the great

trochanter; also of a dull boring pain which

extends down the front of the thigh to the

knee. The stiffness is most felt in the morning

when the patient commences to walk ; but

after exercise the movements of the joint be-

come somewhat more free. In the evening

of a day the patient has had much walking

exercise, the pain is always more severe. The
uneasiness, however, gradually subsides after

he has retired to bed. The pain is always in-

creased when the patient throws the weight

of his body fully on the affected joint. But

let the surgeon press on the great trochanter,

or adopt any other expedient so as to push the

head of the bone even rudely against the ace-

tabulum, and these manoeuvres are the sources

of no uneasiness whatever to the patient. Al-

though we can easily satisfy ourselves that no

actual anchylosis exists, still it is evident

enough that the motion of rotation is lost, and

that the other movements, particularly flexion,

are confined within very narrow limits. When
we place the patient in a horizontal position,

and endeavour to communicate any of these

movements to the hip-joint, the patient com-
plains of pain, and an evident crepitation can be

heard and fell deep in the articulation. The limb

is apparently shortened by from two to tliree

inches ; the apparent shortening arises from the

obliquity of position of the pelvis relatively to the

spine, and the elevation of the affected side is

such that the crest of the ilium and the last short

rib approach nearer to each other at tliis side

in the ordinary altitude of standing by two

inches than those of the opposite side. All

these circumstances account for the apparent

shortening of the limb, which however, on

accurate measurement, will be found not to be

really shortened more than an inch. The patient

walks very lame, and with the foot and whole

limb greatly everted. The nates of the sound

side is unusually prominent, while that of the

affected side is quite tlal, and no trace of the

lower fold of the cluticus is seen. The mus-
cles of the tluKh also seom somewhat atrophied,

still they do not want for firmness ; and we
may uniformly observe that the calf of the leg

of the aHisctetl limb is not inferior in size and

firmness to the other. When we minutely

examine the preal trochanter, we find it larger

and more prominent than usual ; and about the

situation of the aceUibulum, horizontal branch

of the OS pubis, and lesser trochanter, bony pro-

tuberances can, u|ion careful examiniitioii, be

recognized. Tins disease, when once fully esta-

blished in the hipioint, rarely or never extends

itself to the otiier articulations. We have

known, however, a few examples in which it

affected both hip-joints in the same individual.

Tlie chronic inflammation of the various struc-

tures of the joint in which the disease consists,

is never accompanied by any appreciable de-

gree of heat or external swelling of the soft

parts, and we have never heard of the inflam-

mation going on to suppuration.

Tlie following case will shew the necessity

of making the profession fully acquainted with

this disease, as it proves how very obscure are

the early signs of the affection, and that even

the morbid appearances may be confounded

with those which are the result of accident.

At the meeting of the British Association in

Dublin, in the year 1836, one of its most dis-

tinguished members, Mr. Snow Harris of Ply-

mouth, made the following communication to

the medical section :
—" Sir A. Cooper and

many other eminent surgeons had doubted the

possibility of union taking place in fracture of

the neck of the thigh-bone, within the capsular

ligament. A case had lately fallen under his

(Mr. H.'s) notice, which he thought would

tend to set the question at rest. It was that of

a gentleman who had received an injury by

being thrown from his gig ten years ago. He
had got up and walked immediately after the

accident, but continued lame from that period

up to the time of his death. He had been at-

tended by some of the most celebrated surgeons

in London, but they had not been able to de-

termine whether there was a fracture of the

bone or not, but kept him lying on a sofa for

nearly twelve months. The injured limb was
shortened, the foot everted, the thigh wasted,

and owing to the constant inclination of the

body forward on one side, a lateral curvature

of the spine took place. Some time m[o the

gentleman died of disease of the heart ; and

Mr. Harris, being anxious to examine the

parts, removed the acetabulum and a portion of

the thigh-bone, which he then presented for

the inspection of the meeting. lie had found

the trochanter higher up than natural, and the

neck of the bone shortened ; a section of the

bone had been made, and the line of union, in

Mr. Harris's opinion, was clearly manifest.""

When Mr. Harris exhibited this specimen to

the medical section of the British Association

which met in Dublin, it excited much interest,

first as the individual, the subject of the case,

was the celebrated comedian Mr. Matthews,

and secondly, as at the announcement of the ease

it was asserted that it settled in the aflSrmative

the much agitated question, whether the intra-

capsular fi^cture of the cervix femoris was or

was not susceptible of osseous union. The
writer was present at the c-ommunication of this

case to the section, and upon the presentation

of the specimen expressed his doubts that this

case, either from its history or post-mortera

appearances, was an example of the intra-cap-

sular fracture, and rather held the opinion that

it was one of this chronic rheumatic affection

which he has been endeavouring to describe

;

in which opinion he was most decidedly con-

firmed upon inspecting the acetabulum, the

widening of this cavity, the complete filling up

* See Dublin Journal, vol. viti.
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of the fossa which is normally destined to con-

tain the substance called Haversian s'and, ihi

shortening of the neck of the femur and depres-

sion of the head towards the lesser trochanter,

and the ivory deposition on it. In this view Mr.
Smith, who had so well described the disease in

question, and the hospital surijeons around him,

concurred, and Mr. Snow Harris himself quickly

became a convert to our views, and we are sa-

tisfied from what we observed of his liberality,

thatwe have his full permission to communicate
this case in its present form to the profession.

The sketch (Jig. 315) is taken from the cast ofthe

Fig. 315.

Fig. 316.

Mr, Snow Harris's case,

head and neck of the femur presented by Mr.
Harris to the College of Surgeons, Dublin. The
upper part of the head of the femur was exceed-

ingly rough on its surface, and of an oval form

from above downwards ; the axis of the neck

was at right angles with the shaft, and seemed
to run horizontally inwards and backwards, so

that the length of the fossa which exists poste-

riorly between the corona of the head and the

posterior inter-trochanteric line, was in this case

less than a quarter of an inch, a fossa which

we know naturally measures two inches. In
viewing the oval form of the head, we conclude

the movement of rotation must have been im-

possible ; from the shortening of the neck pos-

teriorly, we can infer that the toe and foot must
have been greatly everted, and from the depres-

sion of the head, to the level of the trochanter,

the femur must have been nearly one inch

shorter than the other. The lamented indivi-

dual had not suffered from the disease more
than ten years, so that the morbid appearances

were not to the same amount as we are accus-

tomed to see as the result of this very slow dis-

ease.

The following case is that of an individual

who has been, to the writer's knovvledge, suffer-

ing for many years under this disease.

Patrick Macken, now aged seventy-seven

years, was brought up as a postilion and groom,

but for the last seventeen years has been quite

unfit for service in consequence of his having

been afflicted with a very severe pain in his

right hip ; from the first attack of which he be-

came lame, and ever since the lameness has

been slowly but gradually increasing. In every

Chronic rheumatic arthritis of the Hip,

Other respect his health is excellent, except that

he has some wandering rheumatic pains in other

joints, particularly in the right shoulder.

Hewalkswith great labour and pain, and now
requires the assistance of a stick in each hand (fig.

316); in the morning his movements are stiff and
confined, but they become freer on exercise; in

theeveningof a day he has walked much,the pain

and stiffness are worse and increased in propor-

tion to the excess of exercise and labour he had

undergone in the day. While he remains in bed

he rests on the affected hip, and suffers no pain

whatever except he suddenly turns himself in-

cautiously. As soon as he gets up and throws his

entire weight on the diseased hip-joint, the pain

commences; if asked in what particular part of

the joint he feels most suffering, he points to the

back part of the great trochanter and to a point

which corresponds to the situation of the lesser

trochanter ; he says the pain shoots from these

points down the front of the thigh to the knee.

These pains are sometimes more severe, and

sometimes less, without his being able to as-

sign any cause for these alterations, and he can-

not observe that the state ofthe weather has any

influence on them whatever.

As he stands at rest, he throws the weight

of his body on the left or unaffected limb.
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while the right leg liangs in front and slightly

across the left, and seems to be at lea-xl three

inches shorter; he leans slijihtly back and
supports himself on two sticks: as he walks
the right foot is considerjibly everted, and when
he moves without sticks (which he accomplishes
with the grealest difficulty) he places the whole
sole of the foot flat upon the ground. He
never, however, ventures of his own accord to

move without the help of two sticks, by the assist-

ance of which he is enabled to walk quicker;

while moving along thus, the heel of the

atfected limb does not quite reach the ground,
and the lumbar vertebrBe undergo great motion.

He cannot under any circumstances flex the

thigh on the abdomen, so that when he assumes
the sitting posture, he is obliged to place him-
self forwards on the very edge of the seat, the

right thigh remaining in the same line as the

axis of the trunk, the leg usually flexed and
placed under the chair, or across behind the

other, and he finds the utmost difficulty in

putting on his stockings and shoes. He has

scarcely any motion in the hip-joint. When
we view the hip in front, and examine it, we
see and can feel a considerable bony fulness,

corresponding to the horizontal branch of the

pubis : the trochanter major seems placed very

nigh up, and is extraordinarily large as if sur-

rounded with ossific deposits. The thigh is

somewhat atrophied, being an inch and a half

less in circumference than the other, but the

calf of the leg is not reduced, and the muscles
seem firm; the apparent shortening of the limb,

when he rests on the sound one, arises from the

lumbar vertebne being much curved to the oppo-
site side, and the pelvis being elevated on the

affiected side, while the real shortening ascer-

tained by accurate measurement amounts only
to half an inch.

If we place the patient horizontally and
attempt to communicate to the hip-joint any
movement, as of rotation, flexion, abduction, a

j^ well-marked crepitus is elicited, and the range

of motion is found to be very limited indeed

;

a little abduction is admitted ; rotation and
flexion seem just to a sufficient degree to

shew that no anchylosis exists. The move-
ments give some pain to the patient, but we
can press the trochanter firmly so as to direct

the head of the bone deep against the fundus
of the acetabulum, and we can even strike the

heel and sole of the foot with violence without
giving the patient the slightest sensation of pain.

Tlie tinatiiinicul characters of this disease

are very well marked. The muscles are usually

of a paler colour than natural, and are found
not to be so well developed as those of the
opposite or sound hip. The fibrous capsule
of the joint is greatly thickened, the cotyloid

ligament is either ossified or absorbed, and
the ligament which completes the notch, and
in the natural slate gives origin to the liga-

mentum teres, is usually converted into bone,
leaving generally beneath its arch whether

»bony or not a spce for the transmission of
bloodvessels to the interior of the joint ;* when

• Cruveilhitr, livraison iv. p. 1

.
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the disease is fully established the ligamentum

teres is altogether removed, the synovial fluid

is deficient in quantity, and the cartilage is

remored from the bottom of the acetabulum,

and upper surface of tlie head of the femur. If

here and there some vestige of the synovial

membrane or sub-synovial tissue remain, it is

in a highly vascular condition, presenting an

intensely red colour. In a case of dissection

which Messrs. Smith, Brabazon, and the writer

witnessed lately of this dise:ise, we observed

that the shortened neck of the femur was

entirely surrounded with a number of red

villous -looking productions of the synovial

membrane. These were of a rounded and

conical form, half an inch long and two or

three lines broad at their bases. They resem-

bled much in form the long conical papillse to

be seen on the tongue and about the fauces

of herbivorous quadrupeds ; however, instead

of being white and firm they were soft and

villous, and of an intensely red colour. The
line of the corona of the head was absorbed and
excavated in points, and the different fovea or

depressions were completely occupied by these

vascular firabrioe. Still more recently the wri-

ter met with a similar specimen which he pre-

sented for inspection to the Pathological So-

ciety, in which these vascular fimbria; were

equally conspicuous.*

Tlie acetabulum is generally much larger

and deeper than natural, and forms a circular

cup often two inches deep with a complete level

brim, which is sometimes so much narrowed as

to render the extraction of the head of the

femurdiflicult. This is the most frequent abnor-

mal appearance the acetabulum presents; but

occasionally it is increased in size, and is at the

same time very shallow and of an oval form.

When we examine the bottom of the acetabu-

lum we find it widened and not any trace of

Haversian gland is left ; the interior presents a

worn and porous appearance, the cartilage and

compact stratum of bone which the caitilage

normally covers, having been removed, and in

some places where the friction and pressure

{torn the head of the femur have been greatest,

instead of a rouKh and woni porous appearance,

resulting from the exposure of the cells of tlie

bone, a dense enamel has been as it were

ground into these pores, and here the surface

presents the polish, smoothness, and hardness

of ivory. This mechanical removal of the carti-

lage and exposure of the interior of the cells of

the bone, and substitution for the cartilage of

a dense inanimate enamel, we imagine, are pro-

cesses which are not confined to the acetabu-

lum ; but their results are seen also on those

parts of the head of the femur which are sub-

jected to pressure and friction ; hence we find

the effects of friction, above alluded to, most

d'un nc^rf et d'un vaUseati. cespartiesfondaraontales

de I'ofijanisaiion, semblcnt en qaelque «orie re-

spcctees par Ifs lesions or^aniques, qu'elles soient

CCS lesions circiiltni tout autour, mais ne les cn-

vahissent prcaquc jamais, ou du moias les eiivahis-

sent aprt;s tons les autrcs tissues lorsquelles sont

parvrnilA a Icur demiere periode.

• Unblin Journal for March 1839, No. xliii.
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upon the upper surface of its head which
supports the acetabulum in standing and pro-

gression. The form of the head of the l)one

becomes changed and flattened from above

downwards ; something like a bending or

yielding of the neck of the bone may now
he observed, and sometimes the inferior part of

the circumference of the head of the femur is so

much depressed that the under surface of the

head has approached to the lesser trochanter.

F/V. 317.

Upon a cursory examination, it looks as if the
" head of the bone were forced downwards by
the action of some great pressure from above,
and cases have occurred in which at last the

head of the femur seemed to have sunk even
below the level of the great trochanter, and to

be supported by the lesser." (B. Bell.)

But besides these which we attribute to the

effects of physical causes, there is, in the con-
templation of the morbid results of this chronic

disease of the hip-joint, sufficient to satisfy us
that a very active vital process is going on in

the interior of the bones, as well as in all the

structures around the diseased joint. The
thickening of the fibrous capsule, and hyper-
oemic state of the synovial structures, the exu-
berant growth of bone which we see around
deepening the acetabulum, or surrounding its

brim with bony nodules; the enlargement of
the head of the femur, so as to make this head
assume an oval convex surface, measuring in

circumference ten inches and a half, as in the

specimen from which the drawing CJig. 317) was
taken, all these are sufficient proofs that besides

the interstitial absorption going on in the interior

of the cervix femoris in these cases, a very

active condition of the minute arteries exists

externally, giving birth to those exostotic

deposits which encircle the head and inter-

trochanteric lines of the femur. It has been
remarked, and we think with much truth, that

those specimens which have been frequently

produced and mistaken for united fracture of

the neck of the femur, have been examples of

interstitial absorption of the neck of this bone
combined with external exostotic deposits; but
these mistakes, however, we trust are not here-

after likely to occur.

Section' III. Accident.—The hip-joint is,

of coiirsp, like the other articulations, liahle to

sprains and to contusions. These do not re-

quire any special notice here; but fractures

and luxations of the bones of this important
articulation demand from us full consideration.

I. Fractures.—Fractures of the os innomi-
natum may traverse the bottom or fundus of

the acetabulum, or some portion of the brira

of this articular cavity may have been broken
ofT.

1. Fracture of the acetabulum. A. Fracture

of itsfundus.—When fracture of the bones of

the pelvis happens to traverse the bottom of the

acetabulum, the prognosis is unfavourable, as it

is inall casesof fractureof the bones of the pelvis.

When this fracture through the fundus of the

acetabulum is the consequence of a fall on the

feet, knees, or trochanter major of the femur, it

sometimes happens that the head and neck of

the femur unbroken are driven into the

cavity of the pelvis. " Nous avons observe,"

says Dupuytren, " plusieurs fois, I'enfonce-

ment de la cavite cotyloide par la pression

exercde par la tete du femur, a la suite d'une
chnte surle pied ou lesgenoux." In this case,

the head of the femur is driven with force

against the fundus of the acetabulum, and the

latter breaks, and is crushed in, " enfonc^." The
most remarkable case observed by Dupuytren
was the following:—"Tlie bottom of the cotyloid

cavity had been driven in, and the head of the

femur had passed entirely into the pelvis. The
neck, which had not suffered any solution of

continuity, was so strongly engaged in the

opening, that, even when making the anatomi-

cal examination, I found it very difficult to

disengage it, and to reduce this new species of

luxation."* As these important remarks of

Dupuytren are not accompanied by all the

detail that is to be desired, where novel obser-

vations are reported, we shall here adduce the

following case of fracture of the fundus of the

acetabulum, with displacement of the head of

the femur into the pelvis. Death occurred on
the fortieth day after the injury, from diffuse

inflammation. An opportunity was afforded to

us of investigating anatomically the precise na-

ture of the lesions in this case.

On the 3rd of December, 1834, a man,
named William Sherlock, set. 26, a painter by
trade, was admitted into Jervis-street Hospital,

under the care of t'le late Mr. Wallace. A
few minutes before his admission, this poor
man had fallen from a ladder, from a height

reported to be fifty feet, on the flags cf the

street. On the next day, the 4th of December,
when he had recovered from the insensibility

and collapse which had succeeded to the fall,

we found him complaining of intense pain of

the right hip. He was quite unable to move
the right thigh, and would not permit any exa-

mination of the hip, as the slightest movement
communicated to the limb produced intense

agony. The integuments covering the tro-

chanter were discoloured, and there was much
swelling around the hip-joint. The right or

injured extremity was two inches shorter than

the left, which circumstance he attributed to a

' Lp^'ons Oralps.
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fracture of the femur, which liad occurred some
years previously. Besides tliis severe injury of
the hip, it was also manifest, from some
dyspntra, cough, and bloody expectoration, that

his chest was also injured, but venesection and
other suitable treatment having been resorted
to, the affection of the chest seemed to subside.
His cough and dyspncea for a time had disap-
peared, and his pulse fell to 80. On the twenty-
third day fmm the accident, he said he felt that

hchadcaughtamo.st severeand violentcold,from
a window having been kept open over his head.
On this (23rd) morning, I found him suffering

from great difficulty of breathing and violent

fits of coughing, accompanied by scanty frothy

expectoration. His pulse was 110, and hard,
his tongue was brown and dry, his skin was hot,

and I learned that these symptoms had suc-
ceeded to a rigor. They were attributed by me
to pneumonia with acute pleuritis and consi-

derable effusion, of which there were found, on
examination of the chest by auscultation and
percussion, very evident signs. These were
actively combated by the ordinary treatment,
but without success. Flis pulse was generally

120. He had cough, wiili muco-purulent ex-

pectoration, and dyspncea. He still obstinately

refused to permit any accurate examination of
the limb to be made. He said his right thigh

was now as powerless as at first, but the injury

did not prevent him sitting up in bed, when,
from the urgency of the dyspncea, he felt the

desire for this position ; on one occasion he
had himself taken up, and placed for a time
sitting up in a chair. On the thirty-third day
after his admission, I found that his right leg and
thigh had swollen, that he had raved much
during the night; and that he had alternate

flushings and paleness of countenance, which
betrayed much distress. He now complained
of pain in the right shoulder. His pulse was
130, small and compressible. He had reten-

tion of urine. His temper was irritable; his

tongue was red, and morbidly clean and dry.

He had much thirst. His lips were pale and
bloodless. He died on the 12th January, tlie

fortieth day from the accident.

Post-mortem examination.—Tliere was effu-

sion of pus into the cavity of the right pleura,

and the usual results of acute pleuritis; pus
also in the cavity of the pericardium, and a thin

reticulated layer of lymph on the surface of the

heart. An incision made through the soft parts

to expose the bones of the hip-joint gave exit

to a large quantity of dark brown serum, mixed
with pus. This collection of matter extended
from the superior part of the thigh, under the

peritoneum up to the kidney. The soft parts

having been removed, and the bones exposed,
it was found that the shaft, head, and neck of
the femur were uninjured, but the head of ihe

bone was driven through the fundus of the

acetabulum, which was fractured in a stellated

manner, havmg been divided into three por-
tions. The spiculated edges of the cavity pro-
truded into the pelvis to the extent of one inch.

They were sharp and hard. Nature had not
made the slightest attempt at reparation. Tlie

finger could be passed along the neck of the

Ho3

thigh-bone into the cavity of tlie pelvis,

through the perforation in the bottom of the
acetabulum. The pelvis had been broken m
several places. There was a comminuted
fracture of the horizontal ramus of the pubi.s

near its crest. There was another fracture of
this ramus at its junction with the ilium, and
a fracture through the body of the os innomi-
natum extended from the anterior inferior spi-

nous process to the great sciatic notch.

B. Fracture of the brim of the acetabulum.

—The superior and back part of the cotyloid

cavity, which overhangs the head of the femur,

which is called by Soemmering the supercilium,

is sometimes broken off, and it follows almost
as a necessary consequence, that a dislocation

upwards and backwards of the head of the

femur shall occur. It is an accident most liable

to be mistaken, and most difficult to manage.
We believe, indeed, in all the cases which have
occurred, that permanent lameness has been the

result. In such cases, the luxation of the hip
is reduced without much difficulty, but dis-

placement again shortly recurs. In symptoms
and effects the case has a strong resemblance
to the congenital luxation of the femur. I was
once invited by my friend, Mr. Hilles, (now of
Jxjndon,) to see a case of supposed dislocation

upwards and backwards on the dorsum of the

ilium. 1 met the late Dr. M' Dowel in con-
sultation on the case. It was as follows :

—

Thomas Venables, at. 25, on the 4th of Oc-
tober, 1834, received a severe injury of the

right hip-joint in leaping across a ditch, having
alighted witli force upon the right leg. He fell

immediately, and was unable to rise from the

ground, or to walk or stand when raised.

When the patient was supported in the erect

posture, he nad the ordinary symptoms of dis-

location of the thigh-bone upwards and back-

wards on the dorsum of the ilium. No cre-

pitus was discovered. On the following

morning an extendmg force having been ap-
plied by the pulleys, the head of the bone
resumed its natural situation, and the deformity

of the limb disappeared. When the patient

was visited on the followiiigmorning, (the 6th,)

it was found that during the night the head of

the bone had started from the acetabulum, and
tliat all the former signs of the injury had re-

appeared. On the 7th, the displacement was
again reduced. While tlie bone was yielding

to tlie force of the pulleys, tl\e writer bad the

palm of his hand pressing on the great tro-

chanter, as this last advanced slowly towards

the acetabulum. He was sensible of a rough

grating sensation, which was communicated to

his hand, and gave him the idea as if the head

of the bone were dragged along a scabrous rough

surface. The case proceeded favourably until

the night of the 10th, when, owing to the di.s-

turbance occasioned by the action of a purga-

tive medicine, the dislocation recurred a third

time. It was observed that, although when the

patient was supported out of bed the foot was
inverted, still the toes could be somewhat
everted. An accurate examination being now
instituted to ascertain whether a fracture ex-

isted, a distinct crepitus was discovered at the

3 u a
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uppei- and back part of the acetabulum. The
crepitus and frequent recurrence of the dis-

placement rendered it sufficiently obvious that

the brim of the acetabulum had been broken
ni the above-mentioned situation. The bone
was a third time restored to its place, and a
strong band placed around the pelvis. In 1836,
I admitted the man into the Richmond llos-

pilal. He was at this time unable to walk
without the assistance of a crutch. The in-

jured limb was one inch and a half shorter than
the other. When standing, he rested it upon
the points of the toes, the heel being drawn
upwards; but a slight degree of extension was
sufficient to restore it to its natural length ; and
when the man was lying in bed there was
hardly any difference perceptible in the length

of the two limbs. The breadth of the injured

hip was occasionally greater than that of the

sound one, and the head of the femur could be
pushed upwards easily, and, of course, it al-

ways ascended, when the patient endeavoured
to support his weight upon it; and in many
motions of the joint, the rubbing together of the

broken surfaces was distinctly audible.

After having remained in the Richmond
Hospital under our observation for two months,
he was discharged. Nothing could be devised
to make his limb more useful to him. The
fracture, therefore, of the supercitium of the ace-
tabulum is a very serious injury, which it be-
hoves surgeons to be well acquainted with. A
successful mode of managing such cases has
not yet been exemplified.*

2. Fracture of the superior extremity of the

femur.—The head of the femur is so protected

by the acetabulum, that it is seldom or never
fractured, except by gunshot injuries. The
neck and rest of its superior extremity are,

liowever, we find, subjected to various accidents.

The general symptoms of fractures of the neck
and upper extremity of the femur are, that the
affected limb is shorter than the other, the heel
rises to the level of the opposite malleolus, the

patella, leg, and foot seem mucli everted; there

IS a flattening of the natis, and a fulness of the

f;roin. The patient does not attempt to stand,

much less to walk. There is in the part itself,

as it were, a conscious inability to support the

weight of the body, and even when the patient

is lying on a horizontal plane, as in bed, we
find that he cannot, by the unassisted etibrt of
ihe muscles of the injured limb, elevate it from
the horizontal level, upon which it lies power-
less. When the surgeon, standing at the foot

of the bed, seizes tlie affected limb, and pulls

it towards him, so as gradually to overcome the

contractile power of the muscles, the limb is

restored to its natural length, and if now we
resort to the painful expedient of rotating the

thigh, crepitus is rendered manifest. When-
ever the surgeon relaxes the force by which the

limb was restored to its natural leneth, the

shortening, eversion, and deformity of the limb

* In the twelfth volume of the Dublin Medical
Jourtiul, Mr. K. Smith has made some valuable
observaliuns on this case, in relation to the diag-
nosii« of obscure cases of injury -of the hip and
iihoulder-joints.

recur. Such are the general signs of fracture

of the upper extremity of the thigh-bone.

The portion of the bone, called the neck, may
be fractured transversely with respect to the

direction of its long axis, either within or with-

out the capsular ligament. The first is deno-

minated the intra-cupsular fracture, the second

the extra-capmlur fracture. Oblique fractures

of the neck of the bone are not impossible.

A. Intra-captular fracture if the neck of
the femur.— This fracture has been seldom
seen in the young subject, but is one of the

most common accidents to which elderly peo-

ple are liable. In such persons many cir-

cumstances in their organization appear to ac-

count for their great liability to this accident.

Their muscles have lost their firmness, and are

more or less in a state of atrophy ; the trochan-

ter major becomes peculiarly prominent; the

neck of' the femur yielding somewhat, perhaps,

to the weight of the body, descends and loses

some of its obliquity. This atrophy of the

muscles and bones is not so frequently noticed

in the male as in the elderly female, in whom
the breadth of the pelvis is greater and the tro-

chanter major more projecting. These obser-

vations account sufficiently for the great liability

to the intra-capsular fracture, which we notice

in tlie elderly subject, and for the more fre-

quent occurrence of the accident in the aged

female than in the male. In the young subject

the trochanter major does not project so much,
the muscles surrounding the hip-joint are re-

markably firm, and when falls on the side

occur, the surrounding muscles and the os in-

nominatum share, with the great trochanter, the

weight of the fall. The bone in the young
subject is better calculated from its form and
its organization to resist the effects of falls on
the trochanter, and in these fractures of the

neck of the femur have been rarely witnessed.

In the young subject, too, the neck of the

femur is comparatively shorter than in the aged,

the angle of union of the neck with the shaft of

the bone is more open, and the axes of both

neck and shaft are more in a line. The great

proportion of animal matter existing in the

bones of the young, and consequent elasticity

of the bone, render it capable of resisting frac-

ture, while, on the contrary, the comparative

deficiency of animal matter, and the consequent

redundancy of earthy material in the aged sub-

ject, render the neck of the femur friable. In

a word, the tissue of the bones in general does

not escape, in the aged, that atrophy which
affects tlie rest of the system, and when we re-

collect the fiinctions which the neck of the

thigh-bone has to perform, we shall not be sur-

])rised to learn that the effects of tliis atrophy

are more readily felt and seen in this part of

the osseous system than perhaps any other.

The superincumbent weight of the body and
the action of muscles must have a tendency to

diminish the oWiquity of the neck of the thigh-

bone, to render it more horizontal, and conse-

quently less capable of bearing up against the

effects of concussion.

Resides the loss of obliquity of the neck of

the thigh-bone, we find two nther circumslan-
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CCS relative lo tlie neck of the bone itself, ren-

dtriiii; it very liable to fracture in the ageid. I

mean the expansion of the cells, by which the

strength of the interior of the bone is dimi-
nished ; and, secondly, by the partial removal
by absorption of that long bony arch of com-
pact tissue, upon which in the adult depends,
we believe, the principal strength of the neck
of the bone (Jig. 318) ; and even in many aged
subjects, we tind the partitions of the bony
cells removed, and a large cavity filled with
fatty medulla occupies the centre of the cervix

fenioris. All these alterations obviously weaken
this portion of the thigh-bone, and we feel very

little doubt but that when the condition of the

hone above alluded lo exists, even without a
fall a fracture may occur. We have noticed

specimens of senile degeneration of the neck of
the femur in museums, in which the neck of
the femur had been removed gradually by ab-

sorinion, so that the head of the bone had ap-
proximated to t!>e trochanicrs. Such specimens,
where the history of the case was unknown,
liave, we doubt not, been from time to time
adduced as evidences in favour of the possibi-

lity of bony consolidation of the intra-capsular

fracture. These observations on the eRects of
senile degeneration of the neck of the thigh-

bone sufficiently account for the remarkable
frequency of the inlra-capsular fracture of the

cervix femoris in the aged subject from the

most trivial causes. The fracture, under such
circumstances, should, in our minds, be looked
upon more as a sta'.!e of morbid alteration,

from which no amendment is to be expected,

than as an accidental lesion, which the efforts

of nature and the aid of surgery can be deemed
adequate to repair.

B. Krtru-eujisular fracture oj' the neck, and
J'racture of the superior portutn of the shift

the femur.—Fracture of the neck of the femur
may occur in a part of the bone immedi-
ately external to the synovial sac and capsu-
lar ligament; it may pass obliquely through
the cervix femoris and trochanters, or it may
occur in the cellular and spongy portion of the

bone which is immediately external to these

processes. In all these cases the accident is

usually met with in young and vigorous indivi-

duals, and is often very severe. There is in

these cases much deformity, great eversion of

the limb, willi considerable shortening and
swelling. The fracture having traversed the

bone external to the capsular ligament, there

is but little to resist the full force of muscular
action upon the lower fragment of the bone,

while the upper is forced downwards by the

weight of the body, so that, from both these

causes, much shortening is produced. The
muscles are in a stale of spasm, and at first

resist the surgetm's efforts to bring down the

limb to its normal length. Tlie muscles gra-

dually yield to gentle and continued extension,

and if now a movement of rotation be commu-
nicated to the broken femur, a crqiitus can be
felt by the hand pressnig on the great troch n-

ter, which on rotation of the femur is |,ercei\ed

lo move in a small circle. Kvcrsion of the

whole liml), in cases of fracture of llie upper
txtreinily of the femur, has been noticed as

one of its most prominent symptoms, and the

cause of it may be fairly attributed to the pre-

ponderating influence of the rotators outu'ards,

to which the lower fragment is abandoned
when fracture has occurred : the rotators out-

wards are the gluta;us maximus, llie three ad-

ductors, the peclinalis, the psoas magnus, and
iliacus intemus, together with the obturators,

pyhformis, and other muscles, inserted into the

posterior inter-trochanteric line. Tliese mus-
cles are solely opposed by the rotators inwards,

which are few and comparatively weak. Not-
withstanding the violence of the injury in ge-

neral, and the deformity, the prognosis in these

cases is much more favourable than in the case

of the intra-capsular fracture, because in the

former a solid bony union of the frag:ments

may be reasonably hoped for.

In considering the symptoms of fracture of

the superior extremity of^ the shaft and of

the neck of the femur, whether the seat of

fracture be within or without the synovial cat)-

sule, it should be recollected that exlraordi-

iiary cases may occur; thus there may be
fracture combined with inversion of the limb.

The cause of this inversion, in particular coses,

has been sought for, and Mr. Guthrie gives

ingenious anatomical reasons for this ra.'e symp-
tom, depending upon the line of direction the

fracture may have taken ; if, for example, the

fracture may have taken such a course as to

detach from the shaft of the femur the neck,

and at the same time also the lesser trochanter,

to which is attached the great rotator outwards,

the psoas and iliacus, and if at the same time

the attachments of the gemini, obturators, and
pyriformis be destroyed, in this case Mr.Gulhric
supposes that there is an anatomical reason for

the rotation inwards, as the tensor vaginaB femo-
ris and the anterior fibres of tlie gluta-us me-
dius remain unopposed. This explanation is

ingenious, but the cause of occasional inversion

of the limb in fracture, noticed by Petit, De-
sault,and all subsequent writers, has not yet, in

our mind, been sufficiently elucidated. Hie
phenomenon of inversion of the foot, in cases

of fracture of the upper extremity of the femur,

is extremely rare, but it has been noticed in

the intra-capsular fracture, (Stanley, Smith,)

in the extra-capsular fracture, (Ciuthrie,) and
we have ourselves seen it in all these cases.

The deviation inwards, says Dupuytren, is so

rare, that we can scarcely reckon u|M)n meeting

it once in a hundred cases. The surgeon of the

Hotel Dieu attributes much of the rotation out-

wards in fractures of the neck of the thigh-bone

to the action of the adductor muscles, but adds,
"

il faut dire aussi, qu'on notice presqueaucuue

partie d'une autre cause, qui cependant pent

seule rendre compte de la deviation en dedans,

et appreiidre a y remedier. Je veux parler de
I'obliquite des fragmens dans la fracture du col

du femur, si le fragment interne se porte en

arriire, et rexterne en avant, il y a alors devia-

tion en dehors. Si, au contraire, la fracture est

oblique, en sens inverse, la deviation aura lieu

en dedajis. C'est done par robliquile des frag-

mcns, que ces vatielcs de deviation pcuvent

itre apprecices."

C. Fracture i^'the neck oj' theftmur, compli-
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cateJ with fracture through the trochanter

major.—In the lliiiteenth volume of the Medico-

Chirurgical Transactions, Mr. Stanley has re-

marked that among the more compheated inju-

ries to which the hip-joint is hable, that of

fracture of the trochanter major, comhined with

fracture of the neck of the femur, has, under

certain circumstances, a strong resemblance to

dislocation of this bone. Whenever the frac-

tured portions of the trochanter can be brought

into contact, a crepitus will be perceived, which

will enable the surgeon to ascertain the precise

nature of the injury ; but when from the direc-

tion of the fracture, one portion of the trochan-

ter major has been drawn by the muscles to-

wards the sciatic notch, no crepitus can then be

discovered. A direct source of mistake will

then arise from the positive resemblance of the

fractured portion of the trochanter to the head

of the femur, the former occupying the place

which the latter would do in dislocation, and

if, with these circumstances, there should hap-

pen to be inversion of the injured limb, the

difficulty of diagnosis must be considerably in-

creased. The writer has seen such cases as

those alluded to by Mr. Stanley, and when he

confined his observations to the consideration

of the joint only, he felt all the difficulty alluded

to in forming an opinion ; but in these cases

the limb can in general be brought down to its

natural length by forcible extension, and it is

possible, too, to fiex the thigh on the abdomen,

which we know to be impracticable in the case

of luxation. In most of the cases which the

writer has witnessed of the fracture traversing

obliquely the superior extremity of the shaft of

the femur, detaching the trochanters, the foot

and wliole of the injured extremity were everted,

a position it were impossible for the limb to

assume, were the globular-shaped head of the

bone on the dorsum of the ilium, or placed to-

wards the ischiatic notch, and indeed, in the

cases which he has seen, with inversion of the

limb, the inverted position was not permanent,

as when the patient was raised out of bed, and

assisted to stand for a few minutes on the

sound extremity, the injured limb gradually

assumed an inclination forwards and outwards;

the inclination, though slight, was always to a

degree which it were impossible to give to the

limb if the head of the hone were placed on

the sciatic notch. Finally, as to the remark-

able symptom of inversion of the limb, com-

bined with fracture, we have never seen this in-

version so ri^id as it is in the luxation ; the in-

version can be overcome, and we have mostly

found that in the cases in which this symptom

was noticed, there existed a comminuted frac-

ture of the superior extremity of the shaft of

the femur, and the limb, if left to itself, would

be found sometimes to be everted, sometimes

to be inverted, and generally to (jossess a re-

markable degree of flexibility, yielding to any

movements the surgeon wishes to communicate

to it. Such has been the result of the writer's

individual observations on these cases.

D. Fractures of the neck if the thigh-bone,

with impaction of the superior or coti/loid frag-

ment into Ihecancelluted tissueofihe upper extrc-

mitv of the shaft o) thefemur.—We have spoken

of a fractui^ of the neck of the thigh-bone, in

which the fracture tuns transversely with respect

to the direction of the axis of the neck of the

bone, and also of oblique fractures of the cervix

femoris (Dupuylren). In the former, i. e. the

transverse fracture of the neck, the two opposite

surfaces of the fragments are generally fairly

confronted to each other, and each presents a
granular broken surface ; but instances have
been met with in which there existed an inter-

locking of these surfaces. A bony spicula or

dentiform process, as it were, has been seen to

proceed from the broken surface of the superior

or cotyloid fragment, and to sink into an alveo-

lar-like depression on the upper surface of the

lower fragment ; to use the words of Cruveil-

hier : " L.'engrcriemeiit des fragmens s'observe

moins souvent, peut-ctre dans la fracture intra-

capsulaire que dans la fracture extra-capsulaire.

Cependant je I'ai observce plusieurs fois

;

dans un cas de fracture intra-capsulaire du col,

observe sur un adulte trfcs vigoieux, j'ai trouve

un engrfcnement reciproque forme amsi qu'il

suite le fragment siiperieur et le fragment infe-

rieur presentaient chacun une cavite, et une
avance osseuse ; la cavite de I'un recevait

I'avance de I'autre et recipioquement, I'engrfene-

ment etait, qu'il y avait immobilite complete."

In the species of fracture which we are now
about to consider, the superior or cotyloid frag-

ment is firmly impacted into the cancellated

structure of the superior part of the shaft of the

femur. In this case the limb is shortened

somewhat, though not much, and consequently

the case may be mistaken for the intra-capsular

fracture. When, however, the surgeon endea-

vours to bring the limb to its normal length,

and to elicit crepitus, or by rotation of the

femur he endeavours to ascertain whether the

trochanter moves in a larger or smaller circle,

he hnds that he cannot elongate the shortened

limb, nor elicit crepitus by rotation, nor can he
learn anything satisfactory by the movement of

the trochanter. In general the fracture is com-
plete of the compact and reticular tissue of the

neck of the bone, and the upper fragment is

wedged into the lower, as is the fang of a tooth

into its alveolus; but cases, we believe, have

occuiTed, in which the fracture of the cervix

femoris was incomplete, and had engaged
merely the under stratum of the compact tissue

of the neck of the bone. To comprehend well

what occurs in the partial as well as in the im-
pacted fracture, we should attend a little to the

normal anatomy of the interior of the cervix femo-
ris, and the disposition of the compact and reti-

cular tissue, a subject the writer has elsewhere

slated has been much overlooked, see Dublin
.fournal, vol.vi. p. 222, from which we quote the

following words :
" Let us make a vertical sec-

tion through the neck of a healthy femur, in the

direction of its long axis, and continue it down
through the shaft of the dry bone, the section

leaving one-half of the femur in front, and the

other behind with the lesser trochanter, as has

been done in the specimen of the healthy femur

of a well-formed adult man, from which ji)^. 318

has been taken. This simple view shews us, that

the ])rincipal strength of the neck resides in an

arch of compact tissue, which begins small
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Fig. 318.

w
where the globular head joins the under part of

the neck, but which gradually enlarges down-
wards towards the lesser trochanter, and even

so low as the middle of the femur, where it

will be found nearly twice the breadtli of the

opposite wall of the shaft of the bone ; the

compact stratum which, scarcely thicker than a
wafer, invests the entire of the head, upper part

of the neck, and trochanter, seems to have little

reference to any design of imparting strength or

resistance to this portion of the bone, and the

same may be said of the whole of the reticular

tissue of these processes, while, on the contrary,

the compact tissue of the under surface of the

neck seems artfully arranged, if we can so say,

so as to give supix)it to the weight of the body
in the erect position ; hence do we find this

compact stratum thrown into an arch, upon
which the weight of the body falls, as that of a
carriage does on the C spring which sustains it.

W hen we fall or leap from a height on the

feet or knees, the thin upper stratum of the

neck, and the whole of the reticular tissue of
the bone will first receive, and probably yield

somewhat to, the weight, by which some of the

force of the shock may be decomposed, but to

the bony arch of compact tissue, to which we
have alluded, must ultimately be referred any
violence which the neck of the femur can re-

ceive from any impulse transmitted from above.
We seldom hear of a fracture of the neck of

the femur occurring to a healthy adult when he
falls with violence on his feet or knees, for the

weight of the superincumbent body is thrown
in the most favourable manner on the bony
arch of compact tissue before alluded to, which
from its density and form, and strength deriva-

ble from both, it is almost always able to

resist ; and even a fracture of the acetabulum
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or rupture of the capsular ligament and dislo-

cation are accidents more likely to happen

under these circumstances.

But, on the other hand, let us suppose »

person to fall on the trochanter major, which is

resisted by the ground, while the weight of the

pelvis, &c. acting obliquely on the under sur-

face of the neck, will have a tendency to bring

the neck of the femur into a straight line with

the shaft of the bone, or in other words, to

efface its obliquity ; here the compact tissue, M
often alluded to, receives the force from below

in a most unfavourable manner, and this tissue

cracks across, and if no more happens for the

present, we shall have the simplest form of

partial fracture of the neck of the femur.

While circumstances are in this state, we
can conceive the possibility of a patient being

able to stand after such an accident, and even

walk for some distance; and when examined

by the surgeon, we can understand how the

latter, as it has often happened, might be de-

ceived into the opinion that there was really no
fracture. Again, we can easily imagine how
under such circumstances an awkward move-
ment or a foil may render the fracture complete,

or how, from a severe secondary injury, or even

the continued action of the first impulse, some-
what varied in its direction, the upper fragment

of the broken neck of the femur could be

wedged into the cancelli of the shaft.

Anatomical characlert of fracture of the

neck oj the thigh-bone.—In those cases in which

opportunities have occurred of making recent

anatomical examinations of those who have

died shortly after having suffered fracture of

the neck of the thigh-bone, blood has been

found extensively extravasated beneath theskio,

among the interstices of the muscles, and we
find the line of the fractures through the tro-

chanters and upper portion of the sliaft of the

femur itself marked out by blood in a coagu-

lated state, which had insinuated itself into and

among the interstices of the broken bones.

When we examine a case of intra-capsular

fracture which had taken place a long time

previously to the death of the patient, very

remarkable changes in the structures around

the joint are noticed. The muscles, when com-

pared with those of the opposite side, are more

or less atrophied. This observation, however,

only applies to the greater number of the

muscles around the hip-joint, as some of the

smaller ones (in cases of ununited fractures of

the neck of the thigh-bone of long standing)

are usually found to have undergone a con-

siderable change in their appearance and struc-

ture ; of all these, the obturator extemus seems

to be the most changed and thickened. Tins

is easily accounted for, when we recollect that

when the neck of the femur is fractured, there is

a strong tendency in the muscles around the joint

to drag up the femur, and cause its shortening ;

indeed, tlie capsular ligament and the obturator

extemus alone resist the ascent of the head of

the bone on the ])elvis. The tonic force of the

muscles has constantly this tendency to elevate

the femur on the dorsum of the ilium, and

when the patient begins to walk, and to throw
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his weight on the fractured limb, then it is

more paiticiUaily tliat the power of the obtu-

rator externiis is called into action to restrain

the asceiit of the trochanter major, which is

kept downwards by the obturator and by the

strength of the capsular ligament, which under-

goes a corresponding change of structure. The
capsular ligament has been found semi-cartila-

ginous, and occasionally even spicula; of bone
have been foii^id in it ; we have also known it

to be much elongated, so as to allow the lower

fiagment to ascend much on the dorsum of the

ilium. We have found the capsular ligament

usually entire in old cases, but occasionally the

bursa, which exists in front of or under the

psoas muscle, seems to have freely communi-
cated vvidi the interior of the joint. In some
cases the natural thickness of the capsule is

not much increased; in others it is very con-

siderably so. In one of the cases alluded to

by Mr. Colles, the capsular li'.;ament was a

quarter of an inch thick, in some ])laces half an
inch, and it had, at the same time, a firmness

of texture which might be termed semicartila-

ginous. Two or three particles of bone were
found in it. The synovial membrane, where it

meets the neck of the femur, has been fre-

quently found lacerated in recent cases; in

older, inflamed, and in older still, adhesions of

the synovial structures to each other have been
observed. Thus the head of the fractured

femur has been found adherent to the acetabu-

lum, and we haye frequently found filamentous

adhesions between the synovial membrane of

the neck of the bone and the interior of the

synovial lining of the tibrous capsule. The
synovial membrane, in the normal state, where
it invests the iiariowest part of the neck of the

bone, is thrown into longitudinal plicae or folds;

some of the lowest and most distinct of these

are denominated by Weitbrecht " retinacula."

We do not believe that this accurate anatomist

gave this name to these fibro-synovial folds

with any practical knowledge of the functions

which they occasionally perform in cases of
fracture ; but we know very well by experience

that, in recent cases of the simple intra-capsular

fracture of the neck of the femur, it very fre-

quently, if not L'enerally, happens that, although

the neck of the femur is broken transversely

with respect to its longitudinal axis, the cylin-

der of libro-synovial membrane, which is re-

flected over the neck of the bone, is sometimes
left unbroken, or is only partially lacerated.

The fibrous periosteum, which is here added to

the synovial investment of the neck of the

femur, strengthens much this part of the mem-
brane, and both together, in c.ises of intra-cap-

sular fracture-, serve the purjxise of keeping

nearly in apposition the broken fragments; and
in cases m which the greater part of this cylin-

drical investment of the neck of the bone re-

mains entire, or nearly so, the unbroken mem-
brane and the vessels which pass along it must
be tlie medium of vascular communication be-

tween the fragments.

The phenomena which extra-capsular fractures

present are not unlike those which are the result

of fiaclurc!' elseuherc of the femur. Wc may

remark, however, that one of the results of this

lesion of the neck of the femur (as it is, in-

deed, of almost all other injuries or alterations

of structure of this part of the bone) is, that

the posterior part of the neck of the femur is

diminished one-half in its normal length; the

posterior inter-trochanteric ridge of bone ap-

proaches to within half an inch of the circular

line which marks the junction of the head and

neck of the bone. A large quantity of callus

is usually thrown out in the line of the extra-

capsular fracture, and the trochanter major be-

comes much deformed by it, and the neck so

much shortened, that there is danger of the

motions of the hip-joint being interfered with.

In recent cases in which intra-capsular fracture

had occurred, little or no change has been ob-

served worth noticing; but in old cases several

phenomena of imjiortance present themselves.

1st, In some cases we find a false articulation

to have been formed ; 2dly, there is union of

the broken surliices of the upper and lower

fragment by means of ligamentous bands;

3dly, it is reported that complete bony union

is effected, but the controversy upon this sub-

ject can scarcely be said to be yet terminated.

Very soon after intra-capsular fracture has

occuiTed, tlie surfaces of the broken frag-

ments undergo changes ; they are smoothed off

by the power of the absorbents, or are mechani-

cally rubbed down by the friction of the broken

surfaces, or by both these processes combined.

In general the neck of the femur disappears

altogether, and the basis of the head of the

bone corresponds to the level of the circular

brim of the acetabulum. The surfaces are ge-

nerally brouffht into contact by the muscles,

and frequently adhesions are formed between

the neck of the bone and the internal surface

of the capsular ligament, which, as has already

been remarked, is greally thickened ; an oily

fluid, resembling natural synovia, is shed over

the broken surfaces, and here are all the ele-

ments of a false articulation present. The tro-

chanters are, in consequence of the removal of

the neck of the bone, brought near to the edge

of the acetabulum, and bony growths generally

shoot out from these processes and from the

inter-trochanteric line posteriorly. These bony
projections or vegetations sometimes rise a.s

high as the edge of the acetabulum, and when
the patient stands or walks, these bony growths

rising up from the trochanter are supposed to

afford a prop to the pelvis, and thus to assist

somewhat the structures which perform the

functions of the false articulation. It has been

noticed that, in general, the removal of bone
from the upper fragment extends as far as the

basis of the head and the level of the circular

brim of the acetabulum ; but in some cases this

fragment has been hollowed out. Again, in

obedience to influences which we cannot ex-

plain, it has happened that the lower surface of

the upper fragment formed an uniform convex

surface, looking downwards, and corresponded

to a large excavation formed in the substance

of the great trochanter. This, we find, occurred

in one of Mr. Colles's cases : the lower surface

of the upper fragment was convex, and covered
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with spots resembling ivory, while the upper
surface of the lower fnigment was widely ex-

panded into a cup. We have, in our museum,
a very remarkable specimen of this abnormal
condition of the hip-joint. The upjjcr or coty-

loid fragment seems united to the acetabulum
by an imi)erfe(t anchylosis, while the lower

surface of this fragment represents perfectly the

half of a sphere looking; downwards; the neck
of the femur has been entirely removed, and a
cup is hollowed out in the great trochanter to

receive the convex surface of the upper frag-

ment above alluded to. 'lliis surface, as well

as the cavity formed in the trochanter, have the

polish and hardness of ivory. The history of

the case, as to how the functions of the joint

liad been performed, is unknown. The patient

died in the Itichmond Hospital, under the care

of Dr. llutton, of a disease unconnected with

the chronic affection of the hip-joint. In the

examination of old cases of intra-capsular frac-

ture, we have found the capsular ligament short

and strong, as already mentioned, and that it

retained the trochanters close to the brim of the

acetabulum, the cervix femoris having been

altogether removed. In a case which Mr. Bra-

bazon and the writer examined lately, of an old

woman who had fractured the neck of her

femur several years before her death, and in

whom there was shortening of the extremity for

two inches and a half, the neck of the femur
had altogether disappeared to its base The
surface on the internal part of the shaft of the

femur, from which the neck of the bone nomi-
nally springs, was plane and smooth, and no
vestige even of the lesser trochanter existed.

The under surface of the globular-shaped head

of the femur was removed to the exact level of

the brim of the acetabulum, in which the re-

mainder of the head was still retained by an
inter-articular ligament, which seemed to have

been reduced to the structure of loose cellular

membrane. The acetabulum of this side, too,

was evidently smaller than that of the opposite

side, and the cartilage covering it, and that also

investing the remnant of the head of the bone,

were partially removed. I'rom want of use, it

would appear that all these parts were in a

state of atrophy. In this resjwct there was a
correspondence between the internal and exter-

nal structures of the broken limb, for the whole
extremity was deformed, shortened, and, as is

usual, much reduced in size when compared
with the opposite limb. Union by means of

a lig;unento-carlilaginous substance is by no
means uncommon. In ihis case, as in almost

all others, the neck of the thigh-bone altogether

disappears, and the trochanters are brought up
to the level of die acetabulum, which still re-

tains the remnant of the head of the bone. The
broken surfaces are united closely enough to

each other by a fibrous substance, and this

union is suthciently analogous to that which
we frequently see in cases of fractured olecra-

non or patella.

We have spoken of a species of fracture

which is called the impacted fracture. In this

case the femur is broken generally at the basis

of the neck, not far from the inter-lrochanteric

lines : sometimes it is only the under part of

the neck which is broken, and then the frac-

ture is only partial ; but generally the com|iact

tissue all round this portion of the neck is, by
an accident, crackcl across, and the superior

fragment, that is, the whole of the cervix femoris,

is im|Kicted into the cellular structure of the

supenor extremity of the shaft of the femur

(figii. 319, 320). The limb is shortened half an

inch, and in general everted. In the Dublin
Hospital Reports, vol. ii. Mr. Colles has given

a food delineation of this species of fracture.

In Sir A.Cooper's work, also, similar specimens

may be seen of this impaction of the upper frag-

ment. " La realitc de ce fiiit interessant" seemed
new to the editors of Dupuytren's " Le\ons
Orales," in 1832, in which we find it stated that

the superior fragment of the broken neck of the

thigh-bone is sometimes driven into the thick-

ness of the spongy texture of the superior ex-

tremity of the inferior fragment, and the conso-

lidation is effected readily enough. To con-

clude in tlie words of tlie Leyons Orales

:

" plusieurs pieces d'anatomie pathologique,

tir(5es du Museum de I'Hotel Dieu, et repr^.sen-

tant les fragmens ainsi consolidcs, out 6l6 roon-

trdes k I'amphithi^alre, et ont convaincu chacun

de la realite de ce fait interessant. II est utile

de noter cette cause de deviation ; elle pent

rendre compte, suivant les cas, de quelques fails

exceptionnels de deviation du pied en dedans

dans la fracture du col du femur, fails excep-

tionnels, qui ont ^te observes par plusieurs

auteurs."* In the museum of the Richmond
Hospital we have some sjjecimens of this frac-

ture, fig. 319 represeuts a section of the supe-

Fig. 319.

rior extremity of the femur of a woman who

met with this species of fracture. The history

of her case, as recorded in the catalogue, is as

follows :
—" Mary M'Manus, set. 52. Fracture

of the neck of the femur external to the cap-

sule. The upper fragment has been driven

do>vn, and has become firmly impacted in the

cancelli of the shaft of the bone. The trocbai>-

* I/c;oiu Orales, torn. ii. p. 100.
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ter minor is split, the fissure passing at right

angles with the body of the femur. The de-
scending ramus of the pubis was broken ob-
liquely, the fracture passing downwards and
inwards from the thyroid foramen. There was
a larjfe effusion of blood into the crushed can-

celli of the bone. The ])atient, from whom tlie

preparation was taken, was thrown down by a

cart loaded with hay. The horse and cart

passed over her. The injured limb was short-

ened three quarters of an inch, the foot was
everted, and the slightest motion was painful.

She died on the fourth day after the occurrence
of the accident, having never recovered from
the shock." Another specimen (Jig. 320) shews

Fig. 320.

this species of fracture in the case of a woman
who survived the accident. " Alicia Sherlock,

ast. 64. Section of the head and neck of the

femur, shewing fracture of the cervix external

to the capsule. The neck of the bone has sunk
nearly to a right angle with the shaft. The
compact structure which lines the concavity of

the cervix has been broken, while the very

thin stratum which invests tlie upper surface

has yielded to the force without breaking, but
the cervix has sunk into the cancellated texture

of tlie shaft at a right angle, and is now sup-
ported upon the lesser trochanter. There is no
motion whatever between the broken sui faces,

nor the slishtest trace of fracture at the central

part of the neck of the bone. The injury was
produced by a fall on the trochanter. There
was but little alteration in the position of the

foot, but the tendency was to eversion. The
shortening amounted to half an inch, and cre-

pitus was not distinguishable. The patient

lived three months and a half after the receipt

of the injury." In both these cases we have a

confirmation of our opinion, that the reduction

of the compact arch of bone which occupies

the under surface of the neck of the femur to a

thin lamina, predisposes to fracture of this por-

tion of the neck of the thigh-bone. In (he case

in which the examination was made four days

after the accident (fig. 310) we lind, of course,

that there was no osseous deposition around

the inter-trochanteric lines, but that, on the

contrary, in the case, A. Sherlock, (fig. 320),

which survived the accident for more than three

months, exuberant growths of Irone surrounded

the seat of fracture, and contributed to form a

kind of socket, which received the superior

fragment, by means of which the patient was
enabled to throw her weiglit on the injured

limb, and even to walk. The lesser trochanter,

in most of the cases whicli we have examined,
was greatly increased by bony depositions, and
became a prop to support the head, and it is

probable that, in these cases, the acetabulum is

propped up by the growths of bone from the

shaft of the femur. " This is a mode of union,"

says Mr. Colles, (alluding to the impaction,)
" very little inferior to callus in point of firm-

ness, but very different in its nature," and
which, he conceives, is peculiar to fracture of

the neck of the thigh-bone. In these cases

Mr. Colles has found a thin cartilaginous plate

every where interposed between the neck and
shaft. The new osseous production could have
very little assisted in keeping the fractured

pieces in apposition, for it was principally

thrown out about the trochanters, a small por-

tion only being formed below the neck, yet the

motion allowed between the fragments was so

very inconsiderable, that it required a close in-

spection to discern it, so that, in this instance,

the new osseous matter contributed very little

to the consolidation of the broken bone, the

firmness of which (inferior only to bony anchy-

losis) must therefore be ascribed entirely to the

interposed thin plate of cartilage. In one of

Mr. Colles 's cases. No. XI. a vertical section

shewed that the neck had been fractured near

to the trochanters, and lay across the top of the

shaft ; its broken extremity being in contact

with the outer plate of the shaft. The external

solid walls of the neck were very thin.* In a

specimen of fracture of the cervix femoiis,

which we possess in our museum, the neck of

the bone has been broken at its basis, near the

inter-trochanteric lines, and was impacted nearly

transversely into the cancellated structure of the

shaft of the femur, and the force of the fall was
so considerable that the upper fragment has

absolutely penetrated the outer wall of the tro-

chanter, and would have been in naked con-

tact with the tendon of the glutseus maximus,
had it not been for the existence of the bursa

there situated.

From the specimens that we have examined,

and have in our possession, we entertain no
doubt but that solid bony union may take

place between the impacted cervix femoris and
the superior extremity of the shaft of the femur.

In all cases of the impacted fracture, when the

patient had survived the accident for a month
or more, whether the union was complete or

incomplete, exuberant growth of bone had
sprung from the inter-trochanteric lines.

Does bony consotidaiion of the intra-cupmlar

fracture of the cervix femoris ever occur J—
This question has for the last twenty years been

• Dublin Hospital Reports, vol. ii. p. 351.
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much agitated ; Desault, i'laUia, ard John Uell

long ago expressed their opinion tjiat a fracture

withni the capsular ligament would not admit
of union by callus. Sir A. Cooper in his

Treatise on Dislocations and Fractures (p. 127)
says, " In all the examinations which I have
made of transverse fractures of the cervix femo-
ris entirely within the capsular ligament, I have
never met one in which a bony union had taken

place, or which did not admit of motion of
one bone upon the otlier. To deny its possibi-

lity and to maintain tliat no exception to the

general rule can take place would be presump-
tuous, especially when we consider the varieties

of direction in which a fracture may occur, and
the d<«i;rce of violence by which it may have
been produced ; as, for example, when the

fracture is through the head of the bone and
there is no separation of the fractured ends, or

when die bone is broken without its periosteum,

and the reflected ligament which covere its

neck torn, or when it is broken obliquely,

partly within and partly externally to the cap-

sular ligament ; but all 1 wish to be understood
to say is, that if it ever does happen, it is an
exti-emely rare occurrence, and that I have not

met a single example of it."

Sir A. Cooper's opinions, when they were
published, particularly in Paris, excited as-

tonishment, and many observation) were made
in the clinical lectures and works of the day
upon the supposed error of the doctrine, that

the intra-capsular fracture of the neck of the

thigh-bone was not susceptible of bony consoli-

dation. Messrs. Koux, Dupuytren, and others

contended that they had treated many cases of

the intra-capsular fracture of the neck of the

thigh-bone successfully, and that bony consoli-

dation had been effected, and besides shewed
to their classes what they considered as decided

examples of such union of this fracture. They
did not content themselves by referring to living

cases, because tliese were likely to be ques-
tioned, but they produced various specimens
obtained by post-mortem examinations of per-

sons who had recovered from the effects of the

fracture, but had died of other disease. Some
of these specimens were examined by Mr.
Crosse, and some were sent to London to Sir

A. Cooper, but they failed to convince either

Mr. Crosse or Sir Astley that they were true

instances of the intra-capsular fracture consoli-

dated by bone. We may say the same of some
fireparations in the museum of the Uoyal Col-
ege of Surgeons, London, which were supposed
to be proofs of a bony union of the neck
of the thigh-bone subsequent to a fracture

v\ithiii the capsular ligament, but says Mr.
Wilson, " I have attentively examined these

two preparations, and cannot perceive one
decisive proof in either of the bone having
been actually fractured." One of these cases

was published in the Edinburgh Medical and
Surgical Journal as an example of united

fracture. The writer has known many speci-

mens adduced as proofs of bony consolidation

of the intra-capsular fraclure of the neck of the

thigh-bone, which, upon examination, were
found to have been the result of disease. The

neck of the tliigh-bone, we know, is greatly

shortened when tlie hii>-joint is the seat of that

abnormal change which we have stated to be
the result of chronic rheumatic arthritis, but

in this case the previous symptoms, the history

of the case, and when these cannot be collected,

the state of the acetabulum and other appear-

ances, sulhcienlly point out the diflerence.

Again, the eflect of senile degeneration of the

cervix femoris is very liable to be mistaken for

an united intra-capsular fracture. In this,

however, the history of the case, the co-existence

of the same condition on both sides, the pene-

tration of the interior of the attenuated cellular

structure by an oily medulla, and other charac-

ters of the senile degeneration, will serve to

prevent false conclusions. Lastly, we have also

frequently known specimensof the impacted frac-

ture, where the whole cervix has been firmly

driven into the substance of the great trochanter,

mistaken for examples of bony union of the in-

tra-capsular fracture. I'he quantity of callus that

is in these cases added to the great and lesser

trochanters, which encloses the impacted neck
of the bone, is calculated on a superficial exami-

nation to induce erroneous conclusions, but a
section of the bone, as represented in Jig. 320,

will explain the true nature of the case.

Various cases have been laid before the pub-
lic and read before different learned societies,

which have been considered as very decided

evidences of bony consolidation of the intm-

capsular fracture of the neck of the femur.

Case 1.—In the year 1827 Mr. LangstafT

presented to the Medico-Chirurgical Society of

London a specimen of what he considered to

have been an intta-capsular fracture united by
bone. The case was that of a woman who was
50 years of M;e when the fracture occurred.

She was confined for nearly twelve months to

bed after the injury, and during the remainder

of her life, that is, for ten years, she walked on
crutches. Ou dissection it was found that the

principal part of the neck of the femur was
absorbed, and the head and remaining portion

of tlie neck were united principally by bone,

and partly by a cartilaginous substance. The
capsular ligament was immensely thickened

and embraced the joint very closely, tlie carti-

laginous covering of the head of the bone and
acetabulum had suffered partial absorption, the

internal surface of the capsular ligament was
coaled with lymph. On making a section of

the bone, it was evident that there had been a
fi-acture of the neck within the capsular liga-

ment, and that union had taken place by osseous

and cartilaginous media. With a view of ascer-

taining whether there was real osseous union tlie

bone was boiled many hours, which discoloured

it, but by destroying all the animal matter it

satisfactorily proved the extent and firmness of

the osseous connexion, and the vacant spaces

occupied with cartilaginous matter. These

appearances are represented by a drawing made
shortly after boiling.*

Case 2.—Dr Brulalour, surgeon to the hos-

pital at Bourdeaux, sent to London the parti-

* Vol. ;iiii. of the Societj't Transactions.
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culars of a case of fracture of the neck of the

femur, whicli were read before the Medico-
Chirurgical Society on the 5th of June, 1827.

The following is an abstract of it. Dr. Janie.s,

an English pliysician, a:t. 47, in good health,

was thrown from his horse on the 20tli of Marcli,

1826. He fell directly on the great trochanter,

but got up and walked a step or two, which

occasioned such acute pain in the hip-joint that

he instantly fell again. On examination im-

mediately after the accident. Dr. Brulalour

observed the principal signs of fracture of the

neck of the femur. Extension of the limb was
kept up for two months so as to preserve it of

its natural length. He recovered the full use

of the limb so as to be able to walk without

any assistance, even that of a cane. Dr. James,

on the 20th of December, about nine months
after the accident, was attacked with h»mate-
raesis, which ni two days terminated fatally.

The post-mortem examination of the right coxo-

femoral articulation sliewed—1st, the capsule

a little thickened; 2d, the cotyloid cavity

sound; 3d, the inter-articular ligament in a

natural state; 4th, the neck of the femur

shortened, from the bottom of the head to the

top of the great trochanter was only four lines,

and from the same point to the top of the small

trochanter six lines ; 5th, an unequal line sur-

rounded the neck, denoting the direction of

the fracture ; 6th, at the bottom of the head of

the femur and at the external and posterior part

considerable bony deposit had taken place. A
section of the bone was made in a line drawn
from the centre of the head of the femur to the

bottom of the great trochanter so as perfectly

to expose the callus. The line of union indi-

cated by the callus was smooth and polished

as ivory. The line of callus denoted also that

the bottom of the head of the femur had been

broken at its superior and posterior part.

Case 3.—Mr. Stanley, surgeon to St. Bar-

tholomew's Hospital, in May 1833 read before

the Medico-Chirurgical Society of London a

case of bony union of a fracture of the neck of

tlie thigh-bone within the capsule, occurring in

a young subject a;t. 18. In the examination of

the body of this young man, who died of what
was considered to be small-pox about three

months after the accident of the hip-joint, no
other morbid appearances were discovered

besides those of the injured hip-joint. The
capsule of the joint was entire but a little

thickened, the ligamentum teres was uninjured,

a line of fracture extended obliquely through

the neck of the femur, and entirely within llie

capsule, the neck of the bone was shortened,

and its head, in consequence, approximated to

the trochanter major. The fractured surfaces

were in the closest apposition and firmly united,

nearly in their whole extent, by bone. There

was an irregular deposition of bone upon the

neck of the femur, beneath its synovial and
periosteal covering along the line of the fracture.

Mr. Stanley adds, " the foregoing case is re-

markable from the occurrence of a fracture of

the neck of the femur within the capsule at an
early age, and it is, I believe, the only example
of it on record."

Sir A. Cooper has published a letter in the

Medical Gazette, April 1834, vol. xiv., which
is intended to explain his sentiments upon tliis

subject, and to set the profession in general

and the French surgeons in particular right as

to the conceptions formed of the doctrine he
held as to the susceptibility of the bony con-

solidation of the intra-capsular fracture. In it

we find the following case.

Case 4.—Mrs. Powell, aged above 80 years,

fell down in the afternoon of the 14lh of No-
vember, 1824. Sir Astley Cooper saw her soon

after, and found her complaining very much of

pain in the left hip. The limb could be moved
in every direction, but this motion jiroduced

excessive pain. She lay on her back with the

limb extended, and nothing whatever was done,

except to apply fomentations, in thefirst few days.

lie believed there was a fracture of the neck of

the thigh-bone although the limb remained
quite as long as the other, and he could per-

ceive neither a crejiitus nor any altered appear-

ance in its position, except a slight inclination

of the toes outwards. She had more constitu-

tional irritation than Sir Astley ever observed
from a similar accident. She suffered much
pain in the hip, and was in consequence obliged

to take an opiate, but she got very little rest.

She generally had much thirst. There wiis the

utmost difficulty in keeping her bowels open,

and she had great pain and difficulty in making
water. She had no appetite for common food,

and for three weeks appeared so weak that .she

was under the necessity of taking wine and
brandy. For some time all her urine and
stools were passed in bed, but not involuntarily,

and only because she could not be persuaded

to use proper means; in consequence her back
became very sore. Latterly she complained of

pain in the abdomen, which was very tender

on pressure, and even the weight of the bed-
clothes was inconvenient. Her tongue became
very dry and brown, and the last twenty-four

hours she was insensible. She died on the

morning of the 19th December about five.

Examination.—This took ])lace at seven in

the evening. There was some ecchymosis
amongst the muscles about the injured part

and in the cellular membrane about the sciatic

and anterior crural nerves. The greatest part

of the fracture of the neck of the thigh-bone,

which was entirely within the capsular ligament,

was firmly united. A section was made through
the fractured part, and a faint white line was
perceived in one portion of the union, but the

rest appeared to lie entirely bone. This case, says

Mr. Swan, beautifully shews the principle which
Sir A.Cooper has advocated, viz. that when the

reflected ligament remains whole, and the bones
are not drawn asunder, the nourishment to the

head of the bone continues, and union will be
produced even in the short space of five weeks,
by only placing the knee over a pillow, and in

other respects leaving the case to nature.

We find Mr. Samuel Cooper is of opinion

that a bony consolidation of the intra-capsular

fracture is proved. He says,* " Sir A. Cooper

* Surgical Diet, p. 675, last ed.
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lias satisfied himself that osseous union some-
times takes place, and he has in his own col-

lection a most uneciuivocal specimen of it,

which he was kind enough to show roe two
years ago. The possibility of bony union is

now universally acknowledged, but the cure in

this way is far less frequent than that by means
of a ligamentary connexion."*

It does not appear to us that this question is

yet so entirely settled as the last writer's obser-

vations would lead us to imagine ; although in

this city (Dublin) the subject has been care-

fully investigated for many years, we do not

find our museums yet contain a single speci-

men of the intra-capsular fracture united by
bone. In Paris we find Cruveilhier, one of
the most eminent pathologists in France, ex-

pressing himself in the most unreserved manner,
that a bony consolidation of the intra-capsular

fracture was impossible. Not unaware, as must
be supposed, of the eight cases referred to by
his pupil, M. (,'hassaignac,+ (amongst which are

those of Langstaff, Stanley, and Sir A. Cooper,)

Cruveilhier, to whom Cliassaignac's memoir is

dedicated, thus expresses himself:— "Je suis

porit u considerer comme des cas de deforma-

tion de la tCte et du col, la plupart, si non la

totalit<5 des faits, que Ton invoque g<;n<'ralen)ent

pour etablir la reunion de fractures intra-cap-

sulaires du col dii femur, ^ I'aide d'un cal os-

seux, le cal est impossible, parceque les frag-

mens libres, au milieu de la synovie, ne sont point

entouri's des tissues charges de la reparation de

la solution de continuile.'' Thus not content

widi asserting that bony union is imjiossible,

he further adds that he is convinced from nu-

merous pathological observations, and from ex-

periments on animals, that the ideas of bony
union by means of a first, a provisional callus,

and then by means of a final callus, are erro-

neous ; he is certain that there is but one and

the same callus, which passes through different

.stages of development, until the ossification is

complete; he is of opinion that the ends of the

broken bone, no matter how confronted or held

together, never are directly united. This union,

he thinks, can only take place through the in-

tervention of callus, which is always thrown

round the bones where fractured, like a clasp or

bony ferule ; therefore, he reasons, the cause of

the difference between the intra-capsular and
exti-a-capsular fracture, with reference to their

susceptibility of bony consolidation, is, that in

the first the fragments are as it were abandoned
to themselves to effect an union ; here there is

no bony ferule or clasp possible, while in the

second the fragments are in the same condition

as in all other fractures; that is to say, they are

sunouiided by soft parts, by the ossification of

which the bony clasp is formed. Thus does

he not only deny the possibility of bony conso-

lidation in the case of the intra-ca)jsular fracture,

but endeavours to explain why the union is

impracticable.

v\e cannot agree with this eminent patholo-

gist in the observations that the ends of the

* Lor. cit.

t De la Fractiirrdu Cf>l du fpmnr. Par E. Cliai.

snicnac, M.I).. I'aris. IKIS.

hones themselves take no part in effecting a
bony union, for in ca.ses of impacte<l fracture

alluded to by us in a preceding article, particu-

larly in the case of Sherlock, from which

Jif!. 320 has been taken, bony consolidation had
taken place in almost the whole line of the

fracture, and could only have been effected

by the union of the two bony surfaces which
were confronted to each other. No doubt the

union here was further fortified by the external

effusion of new callus, which surrounded the

bone at the seat of the fracture. When we re-

flect on the cases adduced in proof of the bony
consolidation of the intra-capsular fracture, we
must either disbelieve the facts, or admit that

the union is not impossible.

It would have been satisfactory if the test by
boiling the specimens of the united fractures

had been resorted to in all these cases, as it liad

been in Mr. LangstaH's ; this observation par-

ticularly applies to the case reported by Dr.
Brulalour, of Uourdeaux. We find in Chas-
saignac's report of this same case, taken from
the memoir sent to the Academy of Medicine
of Paris, (Seancedu 16Avril, 1827) inalluding

to the specimen in question he says:—"Scie,
dans toute sa longueur le cal se pr^sentait sous
la forme d'une ligne oblique, raboteuse, d'une
couleur moins blanche etd'un consistence un
pen moins ferme que le resle de I'os."

We had thus far entered into this much agi-

tated question, when an interesting opportunity

occurred to us of making the post-mortem exa-

mination of a case of united intra-capsular

fracture. The history of the case was this :

—

Owen Curran, act. 70, was for the last five

years an inmate of the pauper department of
the House of Industry; he was very infirm on
his limbs, and his mind was in a state of
dotage; on the 1st of August, 1837, while
walking across his ward, he fell on his right

side ; he was unable to rise, and complained of
pain in his right hip; he w.is carried to bed,

and was immediately visited by the late Mr.
W'illiam Johnstone, who was then acting for

me as clinical pupil, who found the limb
everted, and only half an inch shorter than
the other. Mr. Johnstone considered the case

a fracture of the cervix femoris, which required
no other surgical treatment than that of placing
and preserving the limb in a semiflexed po-
sition over pillows. The old man suffered but
little pain in the injured part, at all events he
did not complain of it. In about five weeks
after the accident he was raised out of his bed,
and when placed standing, he was able to put
the heel of the injured limb to the ground. On
the 30th of September, that is, about eight

weeks after the accident, ray friend Mr. Smith
entered in his note-book the following memo-
randum of this case:—"As the patient lies in

bod he can elevate the injured limb by the un-
assisted efforts of its own muscles. The ever-

sion is slight, and the degree of shortening

amounts to one inch; no force can bring the
limb down to the length of the other. From
the history and symptoms, this seems to have
been a case of impacted fracture." This man
survived the accident one year and nearly
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ten months, during which time he was con-

tented to remain most of the time in his bed,

but when placed on his feet, could stand very

well, and was able but unwillina to walk. On
Tuesday the 20lh of May he got an attack of

bronchitis, which, the following Friday, ter-

minated fatally. At twelve o'clock, on Satur-

day, the 25th May, assisted by Mr. lirabazon

and some of the pupils of the hospital, I made
an examination of the body. The right leg and
thigh were much everted. The trochanter

major was elevated, and projected much out-

wards ; the degree of shortening just amounted
to one inch ; the muscles presented a healthy

appearance, the capsular ligament was of a yel-

lowish colour, and somewhat thickened. The
femur was removed from the acetabulum ; this

latter cavity presented a healthy appearance, ex-

cept towards the margin of it; here the cartilage

was softened. The round ligament was sound.

The head and neck of the bone had lost their

normal obliquity, and were directed nearly ho-

rizontally inwards (fig. 321); the cervix pre-

sented, both anteriorly and posteriorly, evidence

of a transverse intra-capsular fracture having oc-

curred ; the globular-shaped head was closely

approximated behind and below to the posterior

intertrochanteric line, and to the lesser trochan-

ter, so that the neck seemed altogether lost

except anteriorly, where a very well-marked
ridge of bone shewed the seat of the displace-

ment and of the union of the fragments.

Fig. 321.

Fig. 322.

This ridge is evidently the upper extremity of

the lower fragment of the cervix. The fracture

of the neck posteriorly was found to have been
closer to the corona of the head than anteriorly,

and the fibro-synovial fold in the former situa-

tion remained unbroken. A section has been
made of the bone through the head, neck, and
trochanter ; one portion has been subjected to

maceration and to boiling ; and the bony union
has been unaffected by these tests. Scarcely

any ]X>rtion of the neck can be .said to have
been left.

The section,^g. 322, shews the compact line

which denotes the union of the fragments ; the

head and shaft seem to be mutually impacted

into each other, and almost the whole of the

cervix has been absorbed ; the line of union is

serrated, solid, and immoveable; and the cells of

the head and substance of the shaft seem to

communicate freely in all places, except where

the thin line of compact tissue here and there

points out the seat of the welding together of

the remaining portions of the head and neck of
the femur.

The bone was in its recent state, on the 25th
of May, laid before a meeting of the Patho-

logical Society. It seemed to be the univer-

sal opinion of the members present that it

was a decided specimen of the intra-capsu-

lar fracture of the cervix femoris, which had
been solidly united by bony callus. This case

may Ije adduced in formal contradiction to

the observation and theories of that very emi-
nent pathologist, Cruveilhier. It cannot be
said to invalidate the more guarded opinions

of Sir A. Cooper, who, in his observations upon
this subject, distinctly stated that " he would
not be understood to deny the possibility of

union, when the bone was broken, without its

periosteum and reflected ligament being torn,

or when there was no separation of its fractured

ends."

Cases such as the foregoing are certainly

rare, but they appear to the writer to belong to

the class of impacted fractures; they differ from

those alluded to in the foregoing article merely

in this, that in the former the fracture of the

cervix takes place at its basis near the trochan-

ters, and that, in the latter, the fracture occurs

near to the head of the bone, and is thus en-

tirely intra-capsular, or rather may be considered

as fractures of the intra-capsular portion of the

cervix femoris. The question then, viz. does

bony consolidation of the intra-capsular frac-

ture of the cervix femoris ever occur? seems
to us replied to in the affirmative.

When an impaction of one, or a mutual
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impaction of botli of the fragments has taken

place, then under such peculiar circumstances

a firm bony consolidation of the fragments may
be expected.

l-°inally, althouch this is not the place to

speak of the surgical treatment of such cases,

we may remark that the most valuable practical

information, in our mind, derivable from the

discovery of facts like the foregoing, is that the

lenient method of treatment, viz. by position

alone, and without splints, may be eminently

successful, so far as the accomplishment of a
firm reunion of the fragments is concerned.

1 J . Luxations.—Luxations of the head of the

femur from the acetabulum are by no means so

frequent as fractures of the bones which enter

into the composition of the hip-joint.

Tliis comparative immunity from this form
of accident arises from these circumstances,

—

that the acetabulum which lodges the head of

the femur has great depth, and that the fibrous

membranes which secure this lione in the coty-

loid cavity have great strength, and restrain

within certain limits its movements. Indepen-
dently, however, of congenital luxations, and
of those which are the result of disease, there

are six distinct forms of dislocation of the hip-

joint to be described as the result of accident

alone.

I'he dislocations ofthe head ofthe femur from
accident may be classed as follows:—a. dislo-

cation upwards and backwards on the dorsum
ilii ; b. directly backwards towards tlie ischiatic

notch ; c. downwards and inwards into the

foramen ovale ; d. upwards, forwards, and in-

wards on the horizontal ramus of the pubes.

Besides these, of late years two more unusual

luxations have l)een described and verified by
post-moitera examinations, viz. dislocation

downwards towards the tuberosity of the

ischium, and dislocation upwards between the

anterior infenor spine of the ilium and the ilio-

pubal eminence.

a. Dislocation of the head of the femur
upwards and backwards on the dorsum of
the ilium.—When the head of the thigh-bone

is thrown on the dorsum ilii, the limb on the

luxated side is from one to two inches

shorter than the other; the thigh is slightly

flexed, or a little advanced upon the other, and
carried into a stiite of abduction, and of marked
rotation inwards. The patella and inner side

of the dislocated limb look directly inwards,

and the great toe corresponds to the tarsus of

the opposite foot. The great trochanter, carried

forwards and upwards, approaches the crest of

the ilium and its anterioi and superior spine,

and forms there a very well marked tumour

;

the nates raised up by the head of the femur is

very salient towards its superior and posterior

part. If we make attempts to bring the limb
backwards into a slate of extension or abduc-
tion or of rotation outwards, we find we give

much pain to the patient, and that we cannot
move tiie bone in any of these directions. We
can, without causing suffering to the patient,

augment a little the flexion towards the abdo-
men, and adduct the dislocated thigh, and we
can also increase the rotation inwards alre.idy
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existing, or, to use the words of Sir A. Cooper,
" when the leg is attempted to be separated

from the other it cannot be accomplished, as

the limb is firmly fixed in its new situation, so

far as regai'ds its motion outwards. The thigh

can be slightly bent across the other and towards
the abdomen, but extension of the thigh and
rotation outwards are impossible." llotation

inwards, on the contrary, is to a great extent

permitted, so much so indeed that we have
seen tlie back part of the heel turned forwards,

while the toes pointed backwards. During
these extreme motions of rotation inwards, if

the hand be pressed on the dorsum of the

ilium deeply, the head of the femur will be
perceived to roll on the ilium, and its tro-

chanter major also can at this time be felt to

be nearer than natural to the anterior superior

spinous process of the ilium ; the trochanter is

less prominent than that on the opposite side,

for the neck of the bone and the trochanter are

resting in the line of the surface of the dorsum
ilii. Upon a comparison of the two hips, the

roundness of the dislocated side will be found
to have disappeared. A surgeon, then, called

to a severe and recent injury of the hip-joint,

looks for a difference in length, change of posi-

tion inwards, diminution of motion, and de-
creased projection of the trochanter.

The explanation of the manner in which the

dislocation of the head of the femur upwards
and backwards on the dorsum ilii takes place

has been the subject of some difference of sen-

timent. The late Mr. Todd has, in ouropinion,

given some judicious observations on this sub-

ject ;* he says, " the elementary work on luxa-

tions most generally read and referred to in

this country, is Dr. Farrell's translation of
Boyer's Lectures, arranged by Kicherand. The
following is the description therein given of the

manner in which the luxation of the femur, at

present under consideration, is produced.
" When by a fall from a place, more or

less elevated, on the soles of the feet, or on
the knees, the thigh is pushed forwards and
inwards, the head of the femur, forced to-

wards the superior and external part of the

acetabulum, breaks the internal and orbicular

ligaments, escapes through the laceration in

the latter, and ascends on the external face of
the OS ilium ; but as the part of the os ilium

immediately above and at the external side of

the cavity is very convex, the head of the

femur soon abandons its fir;t position, and
slides backwards and upwards into the ex-

ternal fossa of the os ilium, following the in-

clination of the plane towards the fossa, and
obeying the action of the glutaei muscles,

which draw it in this direction. The head

of the femur, in ascending thus on the ex-

ternal face of the os ilium, pushes upwards
the glutsus minimus, which forms a sort of

cap for it, and the glutseus maximus and me-
dius are relaxed by the approximation of the

points into which they are inserted. The pyri-

formis is nearly in its natural state ; the gemini,

obtuiatores, and quadratus femoris are a little

• Dublin Ho»pit»l Ri-port>, vol. iii. p. 397.
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elongated. The psoas magnus and iliacus in-

ternus are relaNed, as are also the other muscles

inserted into the trochanter minor."*

From the foregoing opinions Mr. Todd dis-

sents in the following words :
—" To admit of

the head of the femur being ' forced towards

the superior and external part of the aceta-

balum,' and of its ascending ' on the external

face of the os ilium,' it will be obvious to

those who carefully examine the mechanism of

the articulation, that the thigh must be ex-

tended on the trunk, and the dislocating force

applied externally and inferiorly, so as to pro-

duce what may be termed an excess of ad-

duction. To the limb assuming such positions,

which appear to me to be quite essential to-

wards the production of this dislocation in the

manner described by Bayer, some considerable

obstacles exist. In the first place, 1 believe it

seldom happens that a person who falls from a

height will reach the ground with the thigh

extended on the trunk ; in the descent the

superior power of the flexor muscles will pre-

dominate, and at the moment of the appli-

cation of force to the limb it will be more or

less in a bent position. It is scarcely neces-

saiy to observe that this circumstance must
materially influence the direction in which the

head of the bone will be protruded from the

articulating cavity.

" Secondly, should the thigh and leg be com-
pletely extended at the time that the force is

applied, it is probable that the other limb will

be extended also, and will thus prevent a move-

ment of the stricken limb inwards beyond a

certain point ; or, in other words, the opposite

limb will prevent that extent of adduction

inferiorly which is necessary to remove the

head of the femur from the acetabulum, and to

admit of its being forced upon the anterior

convex surface of the dorsum ilii. But whether

the opposite limb be extended or not, it must

oppose a certain limit to adduction, if that

term can be applied with propriety to a

lateral movement of the lower extremity, by
which it is carried beyond the middle line of

the body.
" Sir Astley Cooper attributes this direction

of the limb to the circumstance of the injury

being inflicted when the knee and foot are

actually turned inwards ; however, it appears

to me that muscular action is also in favour of

the limb assuming this position.

" If it be admitted that the thigh is generally

in a state of demiflexion when the force causing

this dislocation is applied, it must also be ad-

mitted that in this state the pyriformis, ob-

turatoies, and gemini have but little eflect as

rotators, the power of these muscles as such

being greater or less, according as the junction

of their fibres with the femur approaches

or deviates from a right angle; and that the

power of the anterior portion of the glutaeus

medius and of the tensor fasciae lata;, as

rotators inwards, is increased in this position,

the angle which their fibres form with the

thigh-bone being augmented ; tlius the last-

* Lectures of Boyer, p. 156.

mentioned muscles will appear to possess

much influence in determining the inverted po-

sition of the limb, as they must draw forwards

the trochanter major and external side of the

thigh, at the moment in which the head of the

bone escapes from the acetabulum.
" The inclination of the thigh forwards and

inwards which constitutes so remarkable a fea-

ture of this dislocation, may be attributed

partly to the tension of the psoas rnagnus, the

iliacus internus, and the pectinalis, and also

to the peculiar form of the surface of the

pelvis, to which the upper part of the femur
is applied ; but certainly not as Mr. Samuel
Cooper has asserted, to the tense state of the

triceps and gracilis, for these muscles are re-

laxed."

Anatomical characters of the lusation of the

head of the thigh-bone on the dorsum ilii,—The
appearances which have been noticed in the

anatomical examination of the hip-joints of

individuals who, having had a luxation of this

articulation, have died very soon afterwards

of other severe injuries received at the same
time, may be collected from the study of some
facts of this nature already published. Of
these none gives us a better idea of the recent

eflects of a dislocation upwards and backwards
on the dorsum ilii than the case related by the

late Mr. Todd, in the third volume of the IJub-

lin Hospital Reports, which is as follows :

—

Case.—In the summer of 1818, a robust

man, in attempting to escape from his bed-
room window in the second floor of a lofty

house, fell into a flagged area, by which acci-

dent his cranium was fractured, and his left

thigh dislocated upwards and backwards.

The dislocation was reduced without diffi-

culty ; however, an extensive extravasation of
blood having taken place on the brain, the

patient lingered in a comatose state for about
twenty-four hours, and then died. On the

day after dissection was performed, and the

following appearances were observed in the in-

jured joint and the parts contiguous to it.

On raising the glutaeus maximus, a lai^e

cavity filled with coagulated blood was found
between that muscle and the posterior part of
the glutaeus medius. This was the situation

which had been occupied by the dislocated

extremity of the femur. The gluta;us medius
and minimus were uninjured. The pyriformis,

gemini, obturatores, and quadratus were com-
pletely torn across. Some fibres of the pec-
tinalis were also torn. The iliacus, psoas, and
adductors were uninjured. The orbicular liga-

ment was entire at the superior and anterior

part only, and it was irregularly lacerated

throughout the remainder of its extent. The
inter-articular ligament was torn out of the de-

pression on the head of the femur, its attach-

ment to the acetabulum remaining perfect.

The bones had not sustained any injury.

Cruveilhicr, in the 28th and 29th livraisons

of his valuable work on Pathological Anatomy,
has given two cases of what he considers to be
old luxations of the head of the femur up-
wards and outwards on the dorsum ilii, which
had been left unreduced ; the history of thest
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cases was unknown. When we carefully ex-

amine the aullior's account of tliem, and refer

to the eiyht accompanying drawings he Iros

given of them, doubts may well arise in the

mind as to whether tliese are to be considered

congenital luxations, or the result of accidents

which had occurred after birth. Hie author

does not himself seem free from suspicion on
this matter, for, in commencing his observa-

tions on the pathological anatomy of cases of

luxation of the femur on the dorsum ilii,

upwards and outwards, he says, " elies sont

tantut coiigeniales, lanlut posterieurs a la nais-

sancc. Existe-t-il des differences notables

entre les uiies 1 1 les autres sous le point de
Taiiatomie palhologique ? II m'est perniis

d'en douter jusqu'u ce que des fails (xjsilifs

aieiit ctabli Ic contrdirc." We have in some of

the preceding pa^es adduced what we have

considered positive proofs that the anatomical

charactei's of the consenital luxation of the hi|v

joint are altogether jjcculiar, and the appearances

either in tlie living or the dead are in our

opinion by no ineiuis to be confounded with

those which are the result of luxations which
liave occurred after birth, and have been le(t

unreduced.

When opportunities have occurred of exa-

mining the hip-joints of those who have for

many ye-ars survived a dislocation of the head
of the femur upwanis and backwards on the

dorsum ilii, and which had been left unre-
duced, remarkable changes have been noticed

to have taken place in the bones and surround-
ing structures.

Muscles.—Tlie muscles of the dislocated hip
have been found for the most part in a slate

of comparative atrophy, and the direction of

their fibres lias of course been altered by the

ascent of the superior extremity of the femur.

Among the muscles of the hipjoint the con-
dition of the gluta;us minimus has been most
dwelt on by authors.

It is stated on the respectable authority of

Boyer, that when the head of the femur is

dislocated upwards and backwards on the

dorsum ilii, it passes between the external

iliac fossil, and the little glutteus ; that it

airries this muscle up, and is as it were
capped by it (" jiour ainsi dire coiflce"). This
muscle, he elsewhere adds, envelojies imme-
diately the head of the feinur ; it undergoes
very remarkable changes ; it becomes pale

;

its fibres disappear almost entirely, and are

changed into a fibrous substance which is firm

and solid, and which has been sometimes seen

convened into bone. Cruveilhier seems to have

adopted IJoyer's idea as to the change this

muscle undergoes in these cases. But if it be
true, as we believe it is, that at the moment
the luxation we are now considering occurs,

the limb is in a state of semiflexion, we
shall find it difficult to conceive how the head
of (he bone in passing can encounter any of

the fibres of the glutaeus mcdius or minimus,
except it be the most posterior and inferior of

them.

Mr. Wallace has, in the Transactions of
VOL. II.

the College of Physicians in Ireland,* given

a very minute and valuable account of a case

of dislocation of the head of the femur on the

dorsum ilii. The history of the case was un-

known ; but the state of the parts engaged left

no doubt on his mind that it must have been

many years since the bone had been dislocated,

and from the appearance of the body he con-

cluded that the subject was not less than fifty.

Tlie glutxi muscles were in a suite approach-

ing to that of atrophy : the (posterior edge of

the glutseus medius ran exactly over the head

of the femur; the texture of the gluta!us mini-

mus resembled adeps more tlian healtliy mus-
cular fibre.

Tlie pyriformis did not extend to the tro-

chanter major, but terminated at the distance

of some inches from this process, in the new
capsule which coveretl the head of the femur,

lliere was not a trace of the obturator intemus,

its place having l)een occupied by a quantity of

fat of a peculiarly gristly texture ; the quadratus

and gemelli were pale and small, and were

bisected by an irregular tendinous line. The
direction of these muscles between their points

of attachment was more oblique than natural

;

the psoas and iliacus were diminished in size,

and their line of direction from the brim of die

pelvis to their connexion with the lesser tro-

chanter was altered, as was also tlie direction

of the triceps, pectinales, and obturator extci-

nus, all which were carried upwards above the

level of their usual course by the elevation of the

upper extremity of the femur on the dorsum ilii.

The femoral vessels and nerves having passed

under Poupart's ligament, were sunk into a
deep fossa, and extended backwards and out-

wards until they approached the lesser trochan-

ter ; they ran more in a serpentine or tortuous

course than the corresponding vessels of tlie

op|)osite limb ; the sciatic nerve was flattened,

its direction curved, and its vessels were vari-

cose. Its entire structure appeared as if it had
been the seat of chronic inflammation.

Ligameuts.— In this case a very strong liga-

mentous fasciculus extended below the anterior

and lower part of the ilio-piibic eminence

and the lesser trochanter ; this must have per-

formed the function of a check ligament to the

motion of eversion, for any attempt at turning

the limb outwards rendered this ligament very

tense. A thick capsule surrounded the new
articulating surface of the ilium, and also the

head and neck of the femur; although the inner

surface of this w:is smeared with synovia, it

had not the smooth aspect of an original syno-

vial membrane. There was imiiedded in the

capsule a piece of bone of a rounded figure,

half an inch in diameler-f There were no re-

mains of round ligament.

Billies.—The great trochanter was thrown

forwards with respect to the head of the bone :

the anterior internal and inferior |X)rtion of tlie

head of the femur was applied to the dorsum
ilii, and there was an articulating surface worn

• Vol. V. p. 252.

t Mr. W. imagined thii to be a portion of the

acetabulum.

3h
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oil the liead of the femur, wliich marked its

j)oint of contact witli the os innomiiiatuin : tlie

articulating surface tlius fortned on the head of

the femur was very slightly convex, about one

inch and a half in diameter, smooth, whitish,

hard, and polished, though not uniformly so

;

for in some parts the bone appeared red and
porous ; the remaining portion of the head of

the femur was not opposed to bone, but applied

to the capsule which surrounded the joint ; the

head had lost its natural rounded form, was very

irregular, and deprived of its cartilage, but

some |)arts of it were covered by a substance

of the nature of ligament. There were several

small pits on the head of the femur, but none

of them appeared to have been the depression

for the attachment of the round ligament.

There was an irregular ossific deposit round
the lesser trochanter.

The surface of the ilium, to which the head

of the bone was applied, was elevated half an
inch above the level of the surrounding bone,

so that this cavity appeared to have been formed

upon a plate of bone wliich had been planted,

as it were, on the ilium. The superior and
posterior portion of the new acetabulum, or

about two-thirds of its whole extent, was
smooth and polished, and presented a suitable

corresponding surface to receive the head of the

femur ; the aspect of the articulating surface on
the ilium was backwards, outwards, and up-
wards. There was scarcely a vestige of tiie old

acetabulum in its site ; there was a superficial

fossa, of a triangular form, tilled with a fibrous

substance, continuous with a suirounding cel-

lular tissue. There was no articular cartilage

on any portion of the bones which formed the

new joint. Tliere was a deep groove, one inch

in depth, formed on the outer side of the ilio-

pubic symphysis, for the lodgement of the con-

joined tendons of the psoas and iliacus muscles
in their passage over the brim of the pelvis to

the lesser trochanter.

The pelvis, in this case, was much elevated

on the side corresponding to the luxation.

b. Luxation backwards or towards the iscliia-

tic notch.— The space which is called the

iscliiatic notch is bounded above and anteriorly

by the ilium, posteriorly by the sacrum, and in-

feriorly by the sacro-sciatic ligament (J!g. 323).

It is formed for giving passage to the pyriformis

muscle and to the sciatic nerve, as well as to the

great arteries, the glutaeal, ischiatic, and internal

pudendal. Its situation, with respect to the

acetabulum in the natural position of the pelvis,

is a little above its level, and it is also placed

behind it ; when the head of the bone is thrown

into this space, it is placed backwards and up-
wards with respect to the acetabulum. Therefore

though called the dislocation backwards, it is

to be remembered that it is a dislocation back-
wards and a little upwards.

In this dislocation the head of the thigh-bone

is placed on the pyriformis muscle, betvveen the

edge of the bone which forms the upper part of

the ischiatic notch and the sacro-sciatic liga-

ments, behind the acetabulum, and a little above
the level of the middle of that cavity.

Fig. 323.

I, Pi/riformis ; 2, lesser mcro-sciatic ligament;

3, gemellus superior ; 4, obturator intemus ; 5, ge-
mellus inj'erior ; 6, tuber isc/iii.

It is the dislocation most difficult both to

detect and to reduce ; to detect, because the

length of the limb diflfers but little, and its po-

sition is not much changed as regards the knee
and foot, as in the dislocation upwards ; to re-

duce, because the head of the bone is placed

deep behind the acetabulum, and it therefore

requires to be lifted over its edge, as well as to

be drawn towards its socket.

The signs of this dislocation are, that the

limb is about half an inch shorter than the

other, but generally not more than half an inch ;

that the trochanter major is behind its usual

place, but still remains nearly at right an-

gles with the ilium, with a slight inclination

towards the acetabulum ; the head of the bone
is so buried in the ischiatic notch that it cannot

be distinctly felt, except in thin persons, and
then only by rolling the thigh-bone forwards,

as far as the comjiaratively fixed state of the

limb will allow. The knee and the foot are

turned inwards, but not so much as in the dis-

location upwards, and the toe rests against the

ball of the great toe of the other foot. When
the patient is standing, the toe touches the

ground, but the heel does not quite reach it

;

the knee is not so much advanced as in the

dislocation on the dorsum ilii, but is still

brought a little more forwards than the other,

and is slightly bent. The limb is fixed, so that

flexion and rotation are in a great degree pre-

vented.

The following case of dislocation backwards

towards the ischiatic notch affords us a good
example of this accident. John Magee, aet. 54,

a strong muscular labourer, was admitted into

Jervis-street Infirmary, 10th of November, 1831,
under my care, in consequence of his having

been severely injured in his left hip. He stated

that while carrying on his back a sack of pota-

toes, (about 3 cwt.) he unfortunately placed his
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foot upon a round sloiic, wliicli rolled from
under niin, and he tame down with consider-

able violence on his left knee and side ; when
raised, he was incapable of walking, and was
immediately carried to hospital. The follow-

ing mornin;^, on examination, we made the fol-

lowing observations : while standing, the body
was bent forwards, inclining towards the left or

affected side ; the left knee and foot were
turned inwards ; the knee somewhat more ad-
vanced and higher than the other, half flexed,

and the toes were resting on the ball of the

great toe of the opposite foot ; posteriorly, the

iiatis was prominent, and its lower fold was
obliterated ; the distance between the anterior

superior spinous process of the ilium and tro-

chanter major was less by one inch than be-

tween the same points on the unaffected side
;

the head of the bone could not be distinctly

felt ; the limb could be drawn inwards across

the opposite thigh, but any attempt to move it

in the contrary direction was productive of
considerable pain ; he complained of much
uneasiness in the groin (which was attributed

to the tense state of the muscles inserted into

the trochanter minor) ; the patient complained
greatly of numbness extending along the poste-
rior and outer part of the thigh and leg to the
foot. The bone vt-Jts, in this case, easily re-

duced, not, however, without the assistance of
the pulleys.

This dislocation is improperly denominated
by some, luxation downwards and backwards.
Some surgeons, on the other hand, describe

cases of this accident, and yet name them dis-

location upwards and backwards on the dor-

sum ilii. Of this class, is an interesting ex-
ample published by the late Dr. Scott, of the

Armagh Infirmary, in the third volume of the

Dublin Hospital Iteports. The man, the sub-

ject of the accident, died thirty-six hours after

the injury.

Dr. Scott says :—" When the patient was
lifted out of bed and placed erect, the limb
retained the posture before de.scribed ; it was
nearly two inches shorter than the other ; the
knee rested above its fellow ; the toes were
turned inwards, and lay above the opposite
instep. On viewing the hip, the trochanter

was manifestly higher on the maimed side than
the other. The hollow naturally formed behind
that process had disappeared—the buttock was
shorter and rounder, but flaccid ; the head of
the bone could not be felt through the glutsei

muscles. No effort of the patienl'could extend
the limb, but he had the power of bending it a
little towards the abdomen, by making the op-
posite leg a fulcruni for the inverted toes to

creep upwards upon. The dislocation was re-

duced, and he died in thirty-six hours after-

wards, in consequence of the injury some of
the organs in the abdomen received, at the same
time that the hip-joint was dislocated." It is

stated, that " on dissecting down to the hip-joint,

an extensive extravasation of blood presented
itself in the cutaneous cellular membrane, co-
vering the trochanter major, and also beneath
the fascia lata of the thigh, extending several

incites above and below the trochanter. The
gluta'us magnus being raised from its origin, a
considerable extravasation was found in the

loose cellular tissue under the glutseus medius.

A cavity capable of containing a pullet's egg
was also brought into view. This cavity was
situated directly where the great sciatic nerve

passes under the pyriform muscle ; it contained

fluid blood ; its boundaries were the pyriformis

above, the sciatic nerve before (supposing the

body upright), the trochanter major, and insertion

of the glutxus medius external and posterior;

the gluteeus maximus directly posterior. Here
the displaced head of the femur had been
lodged. The fleshy substance of the gemelli

and quadratus muscles was found torn across.

The pyriformis and obturator internus were
perfect; the extravasated blood followed the

course of the sciatic nerve deep into the thigh

;

there was also extravasation between the

glutsus medius and minimus muscles. The
internal and upper part of the capsular liga-

ment of the joint was ruptured ; the external

portion remained unbroken. On turning the

head of the bone out of its socket, the liga-

mentum teres was found to have been lorn from
its insertion into the dimple of the head of the

thigh-bone ; the brim of the acetabulum, at its

upper part, was ft^ctured to the extent of about
one inch ; the fractured portion lay loose and
nearly unconnected ; a fracture traversed the

acetabulum." In this case it is manifest, from
the dissection, that the head of the bone lay

beneath even the level of the lower edge of the

pyriform muscle, as Dr. Scott states that the

boundaries of the cavity (capable of containing

a pullet's egg, and filled with coagulated
blood,) which no doubt was the new situation

that the head of the dislocated femur for a time
rested in,—that the boundaries of this cavity

were " the pyriformis above," See. The dis-

section we consider a valuable one, adding
something to our knowledge of the anatomical
characters of the luxation into the ischiatic

notch ; difi°ering, however, in some few particu-

lars, from that of Sir A. Cooper, Dr. Scott's, it

is to be recollected, was the dissection of a case

in which the bone had been only a few hours
misplaced. When we analyse the previous

symptoms of Dr. Scott's case, we do not, it

must be confessed, read the characteristic fea-

tures detailed of the dislocation backwards
;

still the pain the patient suffered along the

course of the sciatic nerve rather pointed the

attention to a dislocation on the sciatic notch,

than to the ordinary one of dislocation upwards
on the dorsum ilii, in which the nerve is

not, at least directly, interfered with; and the

observation added, that " the head of the bone
could not be felt through the glutaei muscles,"
also would lead us to infer that among many
of the symptoms this patient laboured under,

some were such as would lead us to suspect

that the luxation was that backwards towards

the sciatic notch, a suspicion that, in the wri-

ter's mind, the dissection given by Dr. Scott

would fully justify.

We suspect, also, that one of the cases

3h 2
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published by Mv. Bransby Cooper* as one

of dislocation on the dorsum ilii, was ra-

ther the dislocation we are now considering,

namely, the luxation towards the ischiatic

notch. Among some of this patient's symp-

toms, it is mentioned that the trochanter major

was plainly felt behind and a little above the

natural situation with respect to the ilium ; the

head of the bone could be felt neither in the

sitting, standing, nor lying posture. Indeed,

Mr. B. Cooper himself remarks that, " upon

taking into consideration all these diagnostic

marks, I was induced to consider the acci-

dent a luxation on the dorsum of the ilium ;

ahhough the head of the bone was not drawn

up so high as usual, as indicated by the slight

shortening of the limb; and the trochanter

major was also drawn further backwards than

is usual, in the dislocation on the dorsum, so

that, perhaps, this might by some surgeons have

been described as a dislocation to the ischiatic

notch." JNIr. Cooper further adds :—" I doubt,

however, if this appellation as applied to a cer-

tain variety of dislocation of the hip, does not

rather mystify than facilitate our diagnosis,

for it leads to the supposition that the head of

the bone sinks into the osseous hiatus,—a cir-

cumstance which could not occur even in the

skeleton itself, from the size of the head of the

bone, and much less could it happen in the

living subject, when this notch is filled up

with ligaments, muscles, vessels, and nerves."

This respectable surgeon proposes, therefore,

to expunge from the classification of dislocations

the luxation into the notch, but to consider it

only as a variety of the dislocation on the

dorsum ilii, distinguishing the one as a luxation

upwards, the other backwards, on the dorsum.

To this proposition we cannot by any means

assent, for we consider that a dislocation back-

wards behind the ischium, and to the ischiatic

notch which is below the level of the ilium,

never can be properly designated a variety of

the dislocation on the dorsum ilii, although we

might assent to the proposition to consider it a

variety of the dislocation backwards. The

case as described by Sir A. Cooper, of disloca-

tion on the sciatic notch, we are satisfied is to

be seen occasionally,though rarely, in the living;

and the dissection made by Sir Astley himself,

in which he found the head of the bone resting

behind the acetabulum on the pyriform muscle,

the prepiuation of which is to be found in the

museum of St. Thomas's Hospital, should,

we imagine, place the matter beyond dispute.

Anatomicul characters.—We have, says Sir

Astley Cooper, a good specimen in the collec-

tion of St. Thomas's Hospital, which I met

accidentally in a subject brought for dissection.

The original acetabulum is entirely filled with a

ligamentous substance, so that the head of the

bone could not have been returned into it. The

capsular ligament is torn from its connection

with the acetabulum at its anterior and posterior

junction, but not at its superior and inferior.

The ligamentum teres is broken, and an inch of

• Guy's Hosp. Reports, Jan. 1836.

it still adheres to the head of the bone. The

head ot the bone rests behind the acetabulum,

on the pyriformis muscle, at the edge of the

notch above the sacro-sciatic ligaments. The
muscle on which it resls is diminished, but

there has been no attempt made to form a new

bony socket for the head of the os femoris.

Vig. 324.

Around the head of the thigh-bone a new
capsular ligament is formed ; it does not adhere

to the articular cartilage of the ball of the

bone which it surrounds, but could, when

opened, be turned back to the neck of the

thigh-bone, so as to leave its head completely

exposed.

I'ig. 324.

Lusaiiim in tfte sciatic notch.*

Within the new capsular ligament, which is

formed of the surrounding cellular membrane,

the broken ligamentum teres is found. The
trochanter major is rather behind the acetabu-

lum, but inclined towards it relatively to the

head of the bone. ITiis dislocation, he adds,

must have existed, from the appearances of the

parts, many years. The adhesions were too

strong to have admitted of any reduction, and

if reduced, the bone could not have remained

in its original socket.

c. Luxation upwards and inwards on the

pubcs.—This luxation is more easy of detection

than any odier of tlie thigh. It happens from a

person while vvalkinj putting his foot into

some unexpected hollow in the ground, and

his body at the moment being bent backwards,

the head of the bone is thrown forward upon

the OS pubis.

The limb in this species of dislocation is

an inch shorter than the unalfected one; the

knee and the foot are turned outward, and

• From Sir A. Cooper, pi. iv. on Fractures and

Dislocations.
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cannot be rotnted inwards, nor flexed witli-

out causing acute suffering. The inguinal

region is tlie seat of the principal pains, which
howerer from this point extend along the thigh,

and are the consequence of the stretching which
the anterior crural nerve necessarily suffers as
it is raised up at the neck of the bone.
The striking criterion of tliis dislocation is,

that the head of the thigh-bone may be dis-

tinctly felt upon the pubes, above the level of
Poupart's ligament, and it feels as a hard ball,

which is readily perceived to move by bending
the thigh-bone. ITie femoral artery has been
usually felt pulsating along tlie inner side of
the head of tiie bone, but Mr. Smith presented
lately to the Pathological Society the cast of
a case of this luxation, in which lie had noticed
that the femoral artery ran in a tortuous
manner directly across the head of the dislo-

cated bone.

The great trochanter is drawn upwards and
forwards, so as to be situated in the trajet of a
line which would iiass from the anterior infe-

rior spine of the ilium, downwards and for-

wards. In a case of a dislocation of this spe-
cies which was left a long time unreduced, the

motion of the knee backwards and forwards
was fully twelve inches. The following case
was admitted into Jervis Street Hospital, under
the care of ]Mr. O'Ueilly, during the time I

was one of the surgeons to that institution, and
as it seemed to me the best marked case of the
kind I had ever witnessed, I beg here to lay it

before the reader from my case-book.

Case.—P. Bryan, a powerful man, aijed 37,
w;is admitted into Jervis Street Infirmary,

Dec. 4, 1828. He was intoxicated when the

accident which produced the luxation occurred,

and consequently was unable to give any idea

as to how the injury was produced.

As the patient lay on liis Irack in bed thp

affected limb appeared to lie parallel to its

fellow, but then there was an eversion of tlie

whole limb, and the foot of course turned out-

wards. One circumstance particularly caught
our observation, viz. the preternaturally arched
appearance which the upper third of the shaft

of the femur presented ; the adductor muscles
were full and prominent ; there was an unusual
])romincnce undeme-alh Poupart's ligament;
the anterior superior spinous process appeared
retired.

On making more minute examination it was
found that the eversion of the foot was perma-
nent, and we were surprised to find that there

was but little difference between the lengtli of
both limbs; certainly the injured one w"as little

more than lialf-an-inch shorter than the sound
one. A considerable depression existed where
formerly the trochanter major lay ; this process
of bone was very evident, and could be readily

felt about two inches below and somewhat
anterior to the anterior superior spinous pro-
cess of the ilium, and about the same distance
internal to it a well-marked prominence in the
inguinal region shewed the new situation which
the head of the femur occupied ; along its

inner side were seen and fell the puUitions of

the femoral artery. On communicating a

motion of rotation outwartls, the head of the

bone could be easily felt under the soft parts ;

the nates was flattened ; the femur was but

little moveable with respect to the pelvis, and

any attempt to draw the thigh backwards

caused great pain to the patient : to flex it was

impossible. A motion of rotation outwards

could be communicated to the dislocated femur,

but no rotation inwards was permitted. Ad-
duction of the limb was admissible, even to

permit the knees to touch. When the patient

stood up, he naturally threw his weight on the

sound limb, and the affected one was flexed

slightly at tlie knee, and the heel touched the

inside of the opposite foot, as m the " first

position" of dancers. The reduction of the

dislocation was effected in the ordinary method ;

indeed the rules laid down by Sir. A. Cooper
were fully adopted, and in due time succeeded.

Anatomical churacten of this luxation.—
Sir A. Coo|)er gives us an account of the dis-

section he made of one of these luxations of the

femur on the pubes, which had been a long

time unreduced ; he found the original ace-

tabulum partially filled by bone, and in part

occupietl by the trochanter major, and both are

much altered in form ; the capsular ligament is

extensively lacerated, and the ligamentum teres

broken. The head of the thigh-bone had torn

up Poupart's ligament, so as to be admitted

between it and the pubes (fig. 325). The head

Fig. 325.

Luxatkm on the pvbet.*

and neck of the bone were thrown into a posilioo

under the iliaciis interniis and psoas muscles,

the tendons of which, in passing to their in-

sertion over the neck of the bone, were elevated

by it and put on the stretch. The crural nerve

passi>d on the fore-part of the neck of the bone,

* From Sir .1. Cooper, loc. cit. plalc v.
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upon the iliacus intermis and psoas muscles.

The head and neck of the thigh-bone are

flattened, and mucl> changed in their form.

Upon the pubes a new acetabulum is formed

for the neck of the thigh-bone, for the head of

the bone is above the level of the pubes. The
new acetabulum extended upon each side of

the neck of the bone, so as to lock it in a cer-

tain direction upon the pubes. Poiipart's

ligament confines it on the fore-part ; on the

inner side of the neck of the bone passed the

artery and vein, so that the head of the bone
was seated between the crural sheath, and the

anterior and inferior spinous process of the

ilium.

d. Luxation downwards and inwards into the

foramen ovale.-—When the femur is in a forced

state of abduction, if violence be in any man-
ner applied so as still further to exaggerate this

movement, the head of the femur having pre-

viously glided from above downwards in the

acetabulum to its utmost, applies itself to the

interior of the capsular ligament, which it

stretches; if the force be continued the capsule

soon gives way, and the head of the femur,

bursting through the rent, is dislocated and
lodged in front of the obturator foramen.

The symptoms by which we recognize this

accident are very well marked, as the limb in

this dislocation is two inches longer than the

other. The body is bent forwards owing to the

psoas and iliacus intenius muscles being put
upon the stretch (fig. 326). The knee is consi-

derably advanced ; ifthe body be erect it is widely

separated from the other, and cannot be brought

without great difficulty towards the middle Une
or made to touch the other knee, owing to the

extension of the glutsei and pyriform muscles.

The foot, though widely separated from the

other, is generally neither turned outwards nor

inwards, although it varies a little in this respect

in different instances, but the position of the

foot does not in this case mark the accident.

The adductor muscles are elongated and form
a round prominent line which extends from the

pubes to the middle of the tliigh. The foot

and the knee are turned outwards because the

adductor and the other muscles which execute

the movement of rotation outwards are on the

stretch and elongated. The thigh cannot be

adducted, and when we wish to communicate
this movement to the limb the patient feels

severe pains because of the tension which the

gluta:i and rotators outwards sufi'cr. The reason

of the flexion of the leg is two-fold ; first to

relax the hamstring muscles which are put

upon the stretch by the dislocation, and to

establish an approacli to an equality in the

length of the limb.

When we examine closely the injured hip,

we notice a considerable hollow at the upper

and outer part of the thigh where the great

trochanter is normally seen projecting, and a

depression is noticed below the centre of Pou-

jiart's ligament. Tlic head of the dislocated

bone can be felt occasionally at the inner and

outer parts of the thigh towards the perineum.

The position of the head of the bone is below

Fig. 326.

Luxati(m into the foramen ovale,

the acetabulum and a little anterior to it. The
bent position of the body, the separated knees,

and the increased length of the limb constitute

the striking and characteristic features of this

rare accident.

That excellent practical surgeon, Mr. Hey
of Leeds, had not during a period of public

and private practice for thirty-eight years seen
a case of this accident of luxation downwards
and inwards into the foramen ovale, until in

the year 1797 three patients were brought into

the infirmary of Leeds. In one of the best

marked examples of this accident the dislocated

thigh appeared much thicker at the superior
part than the other; the adductor muscles, it

appears, were upon the stretch, and the inguinal

hollow we can collect was effaced (perhaps by
the tension of the skin and effusion). Mr. Hey
says, the head of the bone could not be dis-

tinctly felt through the muscles
; yet, from the

appearance and the touch, it was sufficiently

evident that the head of the bone lay upon the

great foramen of the os innominatum. It

seemed probable that it had passed so fer from
the acetabulum as to be in contact with the

descending part of the os pubis.

There was in this case a considerable hollow
at the upper and outer part of the thigh where
the great trochanter is usually felt projecting.

The following case of dislocation of the
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femur into the foramen ovale I saw in Stcevens's

Hospital, and my friend Dr. Osbrey has obliged

me with his notes of llie case, which were as

follows :

—

Michael Murphy, set. 21, a labourer, ad-

mitted June 4th, 1834, under Mr. Colles with

dislocation of the head of the femur into tlie

foramen ovale.

He stands with his entire weight upon the

sound side, the left thigh flexed on the pelvis,

his knee bent, and toes turned out and restmg

on the ground, from which the heel is raised ;

the thigh is abducted so that he cannot bring

his knees nearer than within Ave inches of

each other, when standing up not within nine,

and at this time his toes are thirteen inches

asunder; the thigh is wasted, and he cannot

support any weight on the limb. When asked
to walk without support he places his hand
firmly on the knee, and bears his weight on
the arm and leg without throwing any of it on
the thigh. His pelvis is lower on the injured

side, and there is a slight curvature of the

spine, the convexity to the same side, in conse-

quence of which there is great apparent length-

ening of the limb. The real difference when
measured from the symphysis pubis to the point

of the inner ankle is two inches and a half, but

there is little or no difference when measured
from the spine of the ilium ; and when the

measurement is taken from the tuber ischii the

dislocated limb is two inches longer than its

fellow. There is considerable deformity about
the joint; a deep hollow exists immediately

below the anterior spine of the ilium, through
which the sartorius runs obliquely, joining a
prominent ridge when the muscle is in action.

The prominence of the trochanter is altogether

lost, and that process can be with dilhculty

felt. The fold of the buttock is completely

obliterated, and there is a fullness towards the

upper and back part of Uie thigh, caused by
the head of the bone, which can be felt through

the adductor muscles, and seems to be situated

further inwards than is usually described in

this accident. He states that he received the

injury five weeks ago; he was thrown down on
his right side obliquely against a wall, by a
horse running away with a ciirt, and tlie wheel
of the cart passed over his left hip above the

trochanter ; he felt great pain at the time which
was chiefly referred to the inside of the knee.

He was carried home and nothing was done
for him for a fortnight, when he went to a
hospital, where several attempts were made at

reduction ; all, however, failed, and after re-

maining there a fortnight longer he came up to

Dublin in the state above described.

On the 12th of June two attempts to reduce
the bone failed altogetlier, and the man returned

to the country.

Anatomical characters.—It seems probable
tliat the head of the dislocated femur passes so
much forwards and inwards from the acetabu-
lum as to be in contact with the inner margin
of the tliyroid foramen, where this foramen is

completed by the rami of the ischium and
cubes. The convexity of the great trochanter

has the acetabulum l)ehind it, and the lesser

trochanter is placed immediately external and

anterior to the tuberosity of the ischium. The
ligamentum teres and lower part of the capsular

lisament have been torn through, and the head

of the bone " become situated in the interior

and inner part of the thigh upon tlie obturator

externus muscle."

We have, says Sir Astley Cooper, an ex-

cellent specimen of this accident in the collec-

tion of St. Thomas's Hospital, which I dissected

many years ago. The head of the thigh-bone

was found resting on the foramen ovale, but

the obturator externus muscle was completely

absorbed, as well as the ligament naturally

occupying the foramen now entirely filled by

bone. Around the foramen ovale tony matter

was deposited so as to form a deep cup, in

which the head of the thigh-bone was inclosed,

but in such a manner as to allow considerable

motion ; and the cup thus formed surrounded

the neck of the thigh-bone without touching it,

and so enclosed its head that it could not be
removed from its new socket without breaking

its edges. Tlie inner side of this new cup was
extremely smooth, not having the least ossified

projection at any part to impede the motion of

the head of the bone, which was only restrained

by the muscles ft'om extensive movements.

The original acetabulum was half filled by
bone, so that it could not have received the

ball ofthe thigh-bone if it had been put back into

its natural situation (fig. 327). The head of th^

thigh-bone was very little altered, its articular

Fig. 327.

Luxation into tkeforamm imi/e.*

* Prom Sir A. Cooper, pi. ii.
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cartilage still n^maiiied, the ligameiitum teres

Wiis entirely broken, and the capsular ligament

partially torn through. The jiectinalis muscle
and adductor brevis had been lacerated, but

were united by tendon. The psoas muscle and
iliacus internus, the gluta;i and pyriformis, were
all upon the stretch.

t'. Costs ()/' jotusuul dislocations.— In Guy's
Hospital Reports we find the account of two

cases of dislocation of the head of the femur

upwards and outwards towards the anterior

superior spmous process of the ilium.

In the first of these cases, detailed by Mr.
Morgan, the affected leg (the left) was short-

ened to the extent of at least two inches, the

foot was excessively everted, so much so as

almost to give the toes a direction backwards.

The injured limb had a tendency to cross that

of the opposite side, so that the heel was thrown

over the instep of the opposite foot ; neverthe-

less when the feet were placed side by side,

they remained in that position. The limb was
susceptible of all the natural motions to some
extent, with the exception of rotation, but the

man complained of great pain when under ex-

amination. The projection of the trochanter

major was entirely lost, whilst the luxated head

of the bone might be felt under Poupart's liga-

ment, just below and to the mner side of the

anterior superior spinous process of the ilium,

and it apparently lay between the anterior and
inferior spinous process of the ilium, and the

junction of this last bone with the pubes ; it

tlius rested upon the brim of the pelvis, and
projected upwards towards the abdomen ; the

femoral artery was not displaced in this dislo-

cation, but could be traced taking its usual

course, and consequently situated to the inner

side of the displaced bone.

In this case a speedy reduction of the dislo-

cated bone was effected, but in the second case

I have alluded to, the bone was left unreduced

for years. We are indebted for the publication

of the whole case, accompanied with the dis-

section, to Mr. Bransby Cooper, who tells us

that the preparation which illustrates the acci-

dent the patient suffered from, was presented to

Sir Aslley Cooper, by his friend Mr. Old-
know of Nottingham, and the bones are pre-

served in the museum of Guy's Hospital. The
subject of the accident was a lunatic, aged 28,

and as far as we can learn from the detail of

the case given, his symptoms were very much
those which Mr. Morgan's patient presented

before the dislocation v»as reduced.*

Upon dissection it was found that the old

acetabulum was deprived of articular cartilage,

and was in part filled up by bony deposit, so

as to be rendered wholly unfit for the reception

of the head of the femnr. The new acetabulum

was nearly directly above the original cavity,

and was bounded on the outside by the two

anterior spinous ]iiotesscs, and on the inside by

the line of junction of the ilium and the hori-

zontal branch of the pul>es, that is to say, by

llie iloo-pubal eminence. The form of the new

* Guy's Hospital llciiorls, January, 1836, p. 99.

cavity for the reception of the head of the femur

was very like the natural acetiibulum, but not

quite of equal dimensions ; it is protected above

by a growth of bone which overlapped the head
of the femur, and must have formed the princi-

pal point of support of that bone. The inferior

part of the new acetabulum was the most defi-

cient. The trochanter major sunk partly into

the old acetabulum, and polished points on both

the old and new acetabulum indicated where
the head of the femur and trochanter major

played in the various motions this imperfect

joint enjoyed.

We are not informed how the muscles were
altered from their normal state, but may infer

that most of them were more or less atrophied ;

it is probable, however, that both the obturator

externus and internus were put much upon the

stretch, and letiuned the bone more or less

downwards. It would have been interesting to

have learned the precise situation of the rectus

femoris, tensor vaginae, and sartorius, psoas,

and iliacus, but we can easily imagine that

the latter were much shortened, and that they

were raised up from the pubes by the dislocated

bone, the tendon of the rectus must have been

thrown outwards over the rest of the femur and
trochanter major. The head of the femur was
altered from its original figure, so as to be
adapted to the new acetabulum, portions of it

being diminished where it did not come in con-

tact with the new cavity, so that its spheroidal

figure was lost. The periosteum of the femur,

as well as of the new acetabulum, assisted in

forming the new capsular ligament. The arti-

cular cartilage of the head of the femur has

been absorbed, and the same porcelain-like

concretion, as is seen in the acetabulum, is

provided at corresponding points. From the

form of the articulating surfaces, and the fixed

position of the femur, both at the head and the

trochanter major, it will be observed that no
other motion than flexion could be permitted,

and even that motion, from the closeness of the

attachment at the trochanter, but to a limited

extent.

Luxation of the head of the femur down-
wards and backwards.-— This luxation may
be considered as a very rare accident. When
the last edition of Sir A. Cooper's work on
Fractures and Luxations was published, tlie

baronet had not seen such an accident, as he
remarked, " it is to be remembered that there

is no such accident as a dislocation of the hip

downwards and backwards."

Dupuytren says," I have only twice or thrice

seen this luxation downwards and backwards.

The limb was then twisted inwards, a little

elongated, and it was imjwssible to adjust it to

its ordinary place and position, without reducing

the luxation, which once accomplished, the dis-

placement did not a second time recur."

My friend Mr. Wormald, assistant-surgeon

to St. Bartholomew's Hospital, has published an
accountofan accident of this kind in the Medical

Gazette, June 28, 1837, and the (ireparation,

which shews the relative position of the head

of the dislocated bone. Sec. and the acetabulum,
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is preserved in the museum of the hospital.

Fig. 328.

Fig. 328.

Dislocation doumwardt and backwards,

B, obturator internus ; C , trocfianlcr major ; D,
tfte acetabulum ; E, obturator extemui ; V, sciatic

nerve ^ It shaft of thefemur,

" A maniac who eluded the vigilance of his

keepers, leaped from a third story window,

liesides dislocating his thigh, he received other

injuries, of which he died in about an hour.
" On examining the dislocated limb, it was

found considerably shortened and inverted,

forming about half a right angle with the body,

the shaft of the femur crossing the symphysis

pubis was tixed immovcably in tliis situation

;

as the patient was sinking, no attempt wan
made at reduction.

" Twelve hours after the death of the patient

I commenced tlie dissection, by reflecting the

glutxus maximus, when I found some of the

hbres of the gluteeus medius and minimus rup-

tured at tlieir posterior edge. The pyriformis

and gemelli were also partially torn, but those

portions of the tendon of the obturator intemus

which pass through the lesser ischiatic notch

were drawn out, and sejwrated from their con-

nexion with the muscular libres ; the head of

the feinur presented itself through a rent of the

capsule, opposite to the upper part of the tuber

ischii above the quadratus, so that the great

sciatic nerve was somewhat displaced and
pressed against the tuber ischii.

" In this case there was no difhculty in de-

tecting the nature of the injury, as, besides the

symptoms already described, the head of the

femur could be fell resting on the tuber ischii,

covered by the outer edge of the glutajus maxi-

mus.
" If this patient had been in a condition to

attempt reduction of the dislocation by fixing

the pelvis, and employing extension in the

direction of the shaft of the bone, at the same
time everting the limb, the head of the femur
would have been brought opposite the rent in

tlie capsule, and would have been in all pro-

bability replaced in the acetabulum without
greater difticulty than is usually experienced."

(Robert AtUims.)

IIYPERA'-MIA AND ANAEMIA, (i/»if,
tuper ; a, negative ; and ai/xa, sanguis) (m
morbid anatomy). Tliese are terms employed
to denote opposite conditions of the various

membranous or parenchymatous textures of the
body as regards the quantity of blood contained
in their bloodvessels ; the former, as its deriva-

tion denotes, indicating a su|)erabundant sup-
ply of blood, the latter a deficiency of that

fluid. Tliey are useful terms to the anatomist,

inasmuch as they express simply the state of a
texture, without any theory being involved

respecting the cause or origin of that stale.

Jt ought always to be the first business of the

anatomist to observe carefully the actual con-
dition of the parts submitted to his examination;
this having been done, he should search dili-

gently for some cause, mechanical, chemical, or
vital, which will satisfactorily account for the
phenomena.

All vascular textures, it is obvious, are liable

to these conditions; and it is equally evident

that the relative frequency of their occurrence
in different textures will coincide with the
natural facility of the flow of blood to or from
them, as well as the quantity of blood con-
tained in them in the normal state. Thus the

lung or tlie spleen is favourable for the forma-
tion of hypersemia, as well from the large

supply of blood in each as from the free cora-
muiiication between their respective arterial and
venous systems, and between the ramifications

of vessels of the same kind.

A bleached state of the same organs may be
taken as a good example of the opposite con-
dition, or anxmia; but the most complete
anaemia is, of course, to be found in organs or
tissues which, in the natural state, contain bnt
a small quantity of blood.

It is important to notice that hyperemia may
occur independently of disease and altogether

as a cadaveric phenomenon, and there is no
mistake more frequently committed by the

incautious observer than that of attributing to

the influence of a morbid process during life

appearances which simply result from the
ordinary physical laws which death has allowed
to exert full sway over the tissues. Indeed, it

is only since anatomists have ceased to rQ;ard

every instance of an unduly injected tissue as

a diseased one, that valuable practical conclu-

sions have been drawn from [lost-mortem obser-

vations.

VVe may pronounce hyperemia not to be mor-
bid, when it is found to occupy only the most
dependent parts of organs, the blood having

deserted the vessels of the more elevated parts.

At every post-mcrtem examination we have
abundant examples of hyperaeinia of this kind

;

if the body have been laid on the back, as is

usually the case, the whole of the skin of that

region is largely injected with blood ; the sub-
cutaneous cellular tissue is in a similar condi-

tion, and the adjacent muscles more or less so
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likewise. Tlie blood in these cases is cliiefly

contained in capillaries and veins, the ramifica-

tions of which will be found fully injected.

The dependent parts of all the vascular tissues

and organs of a body thus placed, exhibit

similar appearances. The scalp on the occiput,

the posterior lobes of the brain, and the

cerebellum are much more injected than the

anterior parts of the same textures. The pos-

terior parts of the lungs, of the stomach and
intestines, of the spleen, liver, and kidneys

exhibit tlie same state of vascular congestion.

That this results altogether from position and
the blood in the vessels obeying the universal

law of gravitation, may be clearly proved by
reversing the position of the body, when after

a little time the blood will desert the former

dependent but now elevated parts, and those

portions of the texture which before were almost

devoid of blood from their elevated position,

now have their vessels filled with it.

When hyperoemia results from a mechanical

obstacle to the circulation, it is not accumulated

at one part of an organ or viscus, but all parts

appear equally gorged with the blood. In
certain diseased states of the heart and liver,

the intestinal canal presents an example of this

general hyperaimia, owing to the mechanical

obstacle to the free circulation of the blood in

the right heart. The circumference of the

intestine is every where reddened by the blood
accumulated in its capillaries.

Andral, by whom of late years the term hy-

persemia itself was brought into use in morbid
anatomy, gives the following varieties of it.

1. Active or sthenic hypercemia, denoting the

state indicated by the ordinary expression

ticute injiumnuition. 2. Passive or asthenic,

lesulting from diminished tone in the capil-

jary vessels. 3. iVIechanical, from an obstacle

to the venous circulation. 4. Cadaveric or

post-mortem, being the result of those physical

and chemical laws to which all inorganic

matter is subject, and to which all organized

bodies are also subjected when the vital spark

has ceased to animate them.* This last variety,

moreover, he subdivides into two genera.

First genus, hyperaemia produced at the mo-
ment of death.—Cause; the contractility of

tissue which resides in the small arteries, con-

tinuing to act after the heart has ceased to beat.

Second genus, hypertemia produced at a certain

period after death. This genus comprehends
the following species:— 1. Hyperiemia by hy-

postasis or dependent position. 2. Hyperaemia
by transudation of the blood or of some of its

component parts through the parietes of its

vessels. 3. HypersEmia by chemical affinities.

Antrmia, a term long in use to express a

general exsaugueous and cachectic condition

of the body, is also applied to a local state

of exsangueousness. Any cause which would
impede or cut off the wonted supply of blood

to a part will occasion this condition in it ; the

diminution in the calibre of the principal artery

of an organ, from mechanical pressure or disease

' Path. Anat. by Townscnd, vol. i. p. 15.

in the vessel, or a depressed state of the nervous

influence. Hyperaemia of one organ may give

rise to anamia ot another, the former as it

were attracting the blood away from the

latter.

The general condition of anaemia is not un-
frequently brought under the physician's notice

either as the result of some excessive and long-

continued hemorrhage or of some deranged

state of general nutrition, giving rise to a deterio-

ration' in the quality of the blood, or a general

deficiency in the powers of the nervous in-

fluence. The surface of the body is pale, the

mucous membranes, as far as they can be seen,

partake of the same exsangueous state, tlie

secretions are defective and vitiated, the tone

of the muscular and vascular systems is con-

siderably diminished, and this state may go on
without any specific morbid change in any
organ, beyond its participation in the general

scanty supply of the blood, or it may co-exist

with an organic disease, which, although it

may have been at first the result of the primary

exciting cause of the anaemia,, now serves to

increase it, or offers the greatest impediment to

its removal.

(R. B. Todd.)

HYPERTROPHY andATROPHY, (v^,^,

super, a,priv.,!dtdT^s^a,nut!io),{\nmorhidand-

tomy). When any organ or tissue has acquired

a certain increase of developement, without

any manifest alteration of its natural structure,

it is said to be in the slate of hijpertrophy—
the increase being due to a greater activity

of the nutritive process in the part affected.

A familiar example of hypertrophy, although

not morbid, is afforded by the augmentation

which muscular fibre acquires in consequence

of increased action. If the biceps muscle of
one arm be actively exercised, while that of the

other does not undergo any considerable degree

of action, the former acquires a great increase

of size, it becomes denser and firmer, and
manifests the physical and vital phenomena of

the muscular tissue witli more than ordinary

energy.

There is no texture in the body which does

not occasionally exhibit evidence of the hyper-

trophous condition. The circumstances which
favour its production are an abundant and a

free afflux of blood to the part, an energetic

nervous influence and an increased demand
upon the organ, or increased exercise if it be
muscular; and indeed these are the- almost in-

variable conditions under which hypertrophy is

manifested. The heart becomes hypertrophous

under an exalted nervous influence, or from a
necessarily increased exercise from the effort to

overcome some obstacle to the free circulation of

the blood through its cavities ; one kidney

acquires a great increase of size if the other

one be incapable of performing its function.

It may be said that the liver is in a state of

hypertrophy in the foetus in utero, for it has

a larger supply of blood than in extra-uterine

life, and the lungs have not as yet begun to

share with it in the office of decarbonizing the
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venous blood. The bladder also, like the

heart, acquires an enormous developement of

its muscular coat, when any obstacle obstructs

the free flow of the urine from it. Tlie physi-

cal condition, then, of a hypertrophous organ
differs but in degree from that of the part in

its normal state. There are, in general, in-

crease of size, of weight, and of consistence,

with more or less alteration of shape consequent
upon the former ; an increased supply of blood,

and a consequent heightening of colour. To
judge therefore how far an organ has experi-

enced hypertrophy, the anatomist must care-

fully compare its present condition, as regards
size, weight, colour, consistence, and supply
of blood, with tlie average state of the parts in

health.

Atrophia is not only opposite in its nature to

hypertrophy, but it results from causes of an
entirely opposite kind. A defective stale in

the nutritive process is its immediate cause :

—

the affected part shows manifest signs of wast-
ing ; it diminishes in size and in consistence

;

it loses its colour from the deficient supply of
blood ; its physical and vital properties are

manifestly altered, and are fully developed.
When the wasting has gone to its greatest ex-

tent, the natural texture disappears, or is so
altered as to present but few of the characters

of its normal condition. As frequent exercise

and use favour the production of hypertrophy,
so on the other hand disuse and inactivity

give rise to atrophy. Neither the vascular nor
the nervous systems of such parts aflbrd their

wonted supplies ; and those physical characters

which are present in hypertrophy in an exalted

condition, are in atrophy either absent altoge-

ther, or but feebly ueveloped. The muscles
of paralytic limbs, the hearts of old persons
which have been overloaded with fat, the

diminution in size and almost total disappear-
ance of the thymus gland in the adult, the

diminution of the left lobe of the liver in extra-

ut/erine life, the obliteration and conversion into

a fibrous cord of certain disused venous and
arterial canals, and the wasting of the optic

nerve where the eye is destroyed, are examples
of atrophy of every day's occurrence. (See the
articles on the morbid anatomy of the different

textures and organs.)

(R. B. Todd.)

ILIAC ARTERlES»(so called from their
situation in tHt iliac regions) are three upon each
side of the body, viz. the primitive iliac, the
internal and the external iliacs; they are the
main arteries of the pelvis and the lower ex-
tremity.

Primitive iliac arteries (common iliacs,

• But litilc dissection is necessary to display the
iliac arteries j the abdominal wall having been di-
vided and thrown back, the pcriioncum may be
detached froni without inward, along with the con-
tained viscus, from the iliac fossa, which having
been done to a sufhcient extent, care being at the
same lime taken to leave uninjured the spermatic
vessels the vas deferens and the ureter, the iliac
arteries will be exposed still covered by their inunc-
diaic invcstmcol.

arteria iliatte primitive, a. communes, s. pthi-
crurules; Vr. Artcrtt iliuqucs primitives ; (ierra.

Oemcmschaftliche Hiijt-pulmiliin,) iire two,

one on each side : they are vessels of great

size, from three-eighths to four-eighths of

an inch in diameter, but short, their length

varying from one and a half to two and a half

or three-quarters of an inch, the arteries being

longer or shorter, according to the height

at which the aorta divides. They arise from
the termination of the aorta, their origin

corresponding, as a mean point, to the in-

terval between the bodies of the fourth and
fifth lumbar vertebra:, and somewhat to the

lefk of the middle line of the vertebral

column ; the exact height of their origin,

however, varies considerably, ranging in ordi-

nary between the bodies of the third and
fiflh vertebrtB ; but they have been found to

arise very near to the diaphragm.' From their

origin they descend, and at the same time in-

cline outward and backward, forming with each
other an acute angle, but more so in the male
than in the female subject, because of the

greater width of the pelvis in the latter, until

they reach a point ranging between the body of
tlie fifth lumbar vertebra and the sacro-iliac

articulalion,t where tliey terminate by dividing

into tlie internal and external iliacs. The point
of reference usually assigned for this division is

the sacro-iliac articulation ; but this appears not
to be strictly correct, the exact point varying as
well on the opposite sides of the same as in

different subjects; for the most part the division

takes place between the two points, which have
been mentioned ; at times nearer to one, at

times to the other, and according to X'elpeau,

it usually occurs nearer to the spine upon the

right than upon the left side ; hence, according

to the same authority, the right external iliac

artery is longer than the left, and were it pos-
sible to ascertain these diversities of origin

during life, advantage would result tlierefrom,

inasmuch as the prospect of success in high
ligature of the external iliac must be influenced

by the height of its origin, and the difficulty of
reaching the primitive or the internal iliacs must
be increased in the same proportion. These
views appear well-founded ; the division of the

primitive iliac rarely takes place so far outward
as the sacro-iliac articulation, and for the most
part it is nearer to the body of the vertebra, or

higher upon the right than the left side, and
therefore the external iliac of that side is usually

the longer, but this disposition is not constant;

the division of the right primitive artery is not

always higher than that of the left, nor conse-

quently the right external longer, and therefore

while probability is in favour of the conclusion

which the facts stated indicate, it cannot be
absolutely relied upon.

The primitive iliac arteries are of the same
size, and nearly the same length ; the right,

however, is considered for the most part some-
what the longer, because of the situation of the

* Velpeau, who cite* PeUcho on the uthority of
1. F. Meckel.

t Bogros.
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aorta upon tlie left side of the spine ; \'elpeau,

however, seems to question the existence of any
difference in the length of the two vessels, inas-

much as the right divides generally nearer to the

spine than the left, the inclination of their origin

to the left being thus compensated, but to what-
ever extent this view may hold good, it is by no
means strictly correct ; m fact the length of the

arteries, whether comparative or absolute, is far

from regular; nor is the preponderance, when
present, always upon the same side ; the opinion

generally entertained is probably correct, the

right artery being in the majority of instances

somewhat longer than the left ; but the writer

has found the left the longer of the two, and
the same disposition has been observed by J. F.

Meckel; this is,hovvever, an unusual disposition.

The relations of the arteries are simple.

During their descent they are situate in front of

the bodies of the lumbar vertebrao, with the

intervening fibro-cartilages, of one, two, or more
of these bones, according to the height at which
the arteries arise, and also of the lateral part of

the base of the sacrum ; they are both covered

upon three sides by the peritoneum, viz. in

front and laterally, the membrane descending
upon them from the root of the mesentery ; the

mesentery itself also and the small intestines

are placed before them, and the latter overlap

them upon either side. P'arther, they are in

front of the superior branches of the middle
sacral artery and of the sympathetic nerve.

That of the right side at its outset is placed

before the left primitive iliac vein, which it

crosses at its junction with the cava, and par-

tially before the commencement of the cava
itself; during its course it is in front of the

right primitive vein, at first only partially, but,

as it proceeds, covering it to a greater extent,

until at its termination it is directly before it.

External to both, but on a plane posterior to

them, are the psose muscles, the left artery how-
ever being neaier to the muscle than the right,

between which and the psoas the right primitive

vein and the cava intervene, being at the same
time posterior to it.

Internal to both at their origin is the middle
sacral artery ; on the left side the left primitive

vein lies along the inside of the artery, but on a
plane behind it.

Anteriorly the arteries are crossed at their

termination by the corresponding ureter, that

duct being interposed l)etween the jieritoneum

and the vessel, but more adherent to the former.

The relation of the ureter to the iliac arteries is

not uniform, either on opposite sides or in

different subjects; the bifurcation of the pri-

mitiie iliac may be assumed as the mean point

of reference for its transit, the duct descending

into the pelvis between the external and internal

iliacs, and before the internal ; but its precise

relation will depend upon the height at which
the bifurcation takes place and the side of the

body to which it belongs, and hence it very

frequently, if not usually, crosses the external

iliac upon the right and the termination of the

internal on the left.

The artery and vein, the relations of which
differ reniiukably uix)n the two sides, the vein

being external upon the right and internal upon
the left, and upon both posterior, are enclosed
within a condensed cellular investment, pro-

longed upward upon the aorta and downward
upon the secondary iliacs ; upon the primitive

vessels it is so thin that it may at times seem
absent; but, as it descends, it increases in

thickness, and acquires upon the external iliacs

considerable strength.

The primitive iliac arteries ordinarily give

only minute branches to the adjoining parts,

viz. the ureter, the peritoneum, the vein, lym-
phatic glands and cellular structure ; but occa-

sionally they have been found to give off the

ilio-lumbar artery, and more rarely a renal or

spermatic artery.*

Although,accordingto the view usually taken,

the primitive iliac terminates by dividing into

internal and external, yet in many instances it

will be found that the primitive and external

iliacs appear as one vessel giving off the internal

from its posterior side, and nearly at right

angles, while in the foetus the reverse seems the

case, the primitive and internal being continuous
and rather giving off the external.

Internal iliac ahteky.-I- (Arteria iliaca

interna, s. hi/pogustrica, s. vmhilicalis ; Fr.

artere iliuque interne, ou hj/pogastriquc ; Germ.
Becken-pulsader oder innere Hti/t-pulsader.)

This artery from the time of birth supplies the

viscera and parietes of the pelvis, both externally

and internally ; prior to that epoch it is the

channel through which the blood is trans-

mitted from the body of the fcctus to the

placenta, whence it may then be termed with

propriety the " placental artery," since such is

its chief office, the other distribution being of
inconsiderable extent, and the divisions of the

artery intended for it small in projxjrtion

;

hence the vessel presents a remarkable contrast

at the two periods of life, in the foetus being a
large and long vessel extending from the ter-

mination of the aorta, for, as has been before

stated, it seems at that time the continuation of
the primitive iliac artery, to the placenta giving

off in its course small branches to the viscera

and parietes of the pelvis, while in after life the

placental artery has disappeared, and in its

stead is found a short trunk of considerable

size,—the commencement of the placental

artery as it had been—from which arise nume-
rous vessels for the pelvis and its viscera.

The internal iliac arises from the posterior

side of the primitive iliac artery,} between the

body of the last lumbar vertebra or thesacro-

vertebral angle, and the sacro-iliac articulation,

but generally higher upon the right side than

the left ; it descends into the pelvis in front of

• J. F. Meckel.
t Tfic internal iliac and its branches should he

examined first with the pelvis complete, the peri-

tonetim and viscera being detached Irora its lateral

wall, and the latter alternately emjjty and distended

;

afterward a section of the pelvis may be made
through the symphysis pubis and the middle of the
sacrum, preserving the viscera with their attach-

ments to one side ; but tiiis should not be done
until after the dissection of tlie perineum.

f
.Sec primitive iliac fur point and mode of

division.
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the sacro-iliac articulation or of the lateral part

of tlie sacrum, as it may be, inclining backward

and outward, and describing a curve concave

forward, until it reaches the superior part of the

great sciatic notch, where it usually divides

;

this however is by no means uniform, the point

of its division ranging between the brim of the

pelvis and the notch. The internal iliac is an

artery of great size, but in the adult smaller

than the external ; its course is somewhat tor-

tuous and short, from one and a half to two and
a half inches.

During its descent the artery is placed before

the lumbo-sacral nerve, on the left side before

the primitive iliac vein, and on both before the

sacro-iliac articulation or the lateral part of the

sacrum. Before it are in the male the bladder

or its lateral connections, in the female tlie

uterus and its broad fold of peritoneum ; ex-

ternally the artery corresponds to the internal

iliac and the commencement of the primitive

iliac veins, to the inside of the ]>8oas magnus
muscle, to the brim of the pelvis, to the obtu-

rator nerve, which it crosses nearly at right

angles, to the lumbo-sacral and first of the

anterior branches of the sacral nerves, and to

the superior attachment of the pyriformis

muscle : the ilio-lumbar artery is also external

to the internal iliac, between it and the wall of

the pelvis. Internal to it are the peritoneum,

the rectum with its mesentery, and the superior

hemorrhoidal vessels, (these parts being nearer

to the artery upon the left tlian the right,) and
the small intestine when in the pelvis.

The external iliac vessels are above, before,

and external to the internal.* In the fcetus the

condition of the internal iliac differs remarkably

from that which it presents in after life ; in it

both in size and direction this artery appears the

continuation of the primitive trunk, exceeding

the external as much as afterward it is exceeded

by it. It is the channel which conveys the blood

to the placenta, and it is generally entitled the
" hypogastric or umbilical artery ;' " placental"

would certainly be preferable. It passes from

the primitive iliac or rather from the aorta, for

there the primitive iliac appears only the com-
mencement of the placental artery, downward
and at first outward us far as die sacro-iliac

articulation, where it gives off the external

iliac artery, then forward to the side of the

bladder, descending but little into the pelvis

and at the same time giving off pelvic branches;

it next changes its direction and ascends in-

clining inward toward the umbilicus, at first by
the side of the bladder and then in the anterior

abdominal wall, balween the peritoneum and
the rectus muscle or its sheath, and on either

side of the urachus ; thus forming a curve

convex downward through the concavity of

which pass the vas deferens or round ligament

before, the ureter posteriorly and the rectum,

the extremity of the ilium and the appendages
of the uterus in the mean space. Having reached

the umbilicus the artery escapes through it

from the body of the fcetus and is conducted

* This is to be understood to refer to the recum-
bent posture; in the erect nusturc the external are

not superior to tlie interna! vessels.

by the umbilical cord to the placenta ; during
their transit to the placenta the arttritw at the

very early periods of utero-gesuition, arestraight,

but afterwards, in proportion as the develope-

ment advances, they become tortuous, and are

twined round the umbilical placentid vein,

whence the length of the arteries exceeds that

of the cord which varies from one to two feet.

At the placenta the two arteries are connected
by a considerable anastomosis, and divide into

numerous branches, which subdivide minutely
in tlie lobes of that structure, the ramifications

of the several lobes being distinct from each

other; ordinarily the two vessels are distinct

until they approach the placenta, but they have
been found to unite into a single one before

escaping from the alxlomen of the foetus.*

The placental arteries give off witliin the body
of tlie fcEtus branches similar in number and
destination with those of the primitive iliac of
the adult, but in a rudiroent^l condition

;

between the summit of the bladder and the

umbilicus however they do not furnish branches,

and hence, the circulation through them be-
tween these points ceasing at binh, they be-

come obliterated to the same extent and
connected into impervious cords, known by the

name of umbilical ligaments ; these hold the

same course and relation with the original

vessels, and are less distinct in proportion to

the age of the subject; they are covered upon
tlieir abdominal aspect by the peritoneum,
which is reflected upon tliem to a greater or

less extent according to the subject, and thereby

forms triangular falciform folds, tlie base of
which is below in the iliac fossa, and tlie apex
above toward the umbilicus, and in the free

edge of which the ligament is contained. At
a point intermediate to the brim of the pelvis

and the upper part of the sacro-sciatic notch the
internal iliac artery divides into branches ; these
are numerous, amounting altogether in the male
to nine, and in the female to eleven ; but in

their mode of origin they vary very much,
arising sometimes separately, sometimes by
common trunks, but for the most part from
two, into which the iliac divides ; these are an
anterior one giving off the hemorrhoidal, the
umbilical, the vesical, the uterine, the vaginal,

the sciatic and internal pudic, and a posterior,

from which arise the ilio-lumbar, tlie lateral

sacral, the obturator and the gluteal. Another
diversity in the mode of their origin is that of
the obturator from the epigastric or external

iliac.

The branches ofthe internal iliac are arranged

either into four sets, viz. posterior, anterior,

internal, and inferior,t or into two, internal and
extenial,J the former distributed within, the

latter without the pelvis ; the latter seems the

more simple division, and is the one which will

be adopted in this article.

Tlie internitl branches are in the male five,

in the female seven ; they are as follow

—

1 . The Uiolumbar artery varies in size and ori-

gin ; for the most part it arises from the posterior

• Cloquet.

t Cloqoet.

X Hartiion.
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division of the internal iliac, at times from the

iliac itself; at times from the jjhiteal, occa-

sionally from the primitive iliac, and frequently

by a tiunk common to it and the lateral sacral

;

from its origin, which is somewhat below the

base of the sacrum, it runs upward, outward,

and backward toward the iliac fossa, passes in

front of the sacro-iliac articulation and the

lumbo-sacral nerve and external to the obturator

nerve; having surmounted tlie outlet of the

pelvis it passes behind the psoas muscle, the

external iliac vessels and tlie anterior crural

nerve, and emerges from behind them at the

superior and internal part of the fossa, where it

divides. As the artery emert;es from the pelvis

it gives off a branch which descends along the

brim, gives small branches to the inside of the

psoas, and finally anastomoses with a branch
from the epigastric artery ; while concealed by
the psoas it gives branches to it and the iliacus

internus. Finally it divides into two sets of

branches, superior or ascending, and external or

transverse ; the former ascend beneath the

psoas, supply it, the iliacus and the quadratus

lumborum, send a branch into the vertebral

canal through one of the inferior intervertebral

foramina, and finally communicate with the

inferior lumbar arteries. The external set pass

outward into the iliac fossa, and are distin-

guished into two, a superficial and deep ; the

former run across the iliacus muscle, superficial

to it and beneath the iliac fascia, supply the

muscle and anastomose freely with corres-

ponding branches from the circumflex branch
of the external iliac artery : the superior of the

superficial branches runs round the crest of the

ilium within its inner edge, as it proceeds it

gives branches downward to the iliacus and
upward to the quadratus lumborum, the trans-

versalis and oblique muscles, some of which
turn over the crest and communicate with

branches of the gluteal artery ; finally it ends in

a direct and free anastomosis with the ultimate

branch of the circumflex artery, the fossa having

thus an artificial circle formed around it in-

ternally, between these branches and the original

iliacs. The branches of the deep set jiass into

the substance of the iliacus muscle, and between
it and the bone, and are distributed to the

muscle, the periosteum, and the bone, one of

them entering the ilium through the canal to be
observed at the bottom of the fossa ; their deep
branches also communicate with the circumflex

iliac, the gluteal and the external circumflex

femoral arteries. Sometimes there are two
ilio-lumbar arteries.

2. The lateral sacral artery may be either

single or double, and arises either from the

posterior division of the iliac, from the iliac

itself on its inner side, from the gluteal, or the

sciatic, and frequendy in common with the

ilio-lumbar : it runs downward, and inward in

front of the lateral part of the sacrum, the sacral

nerves at their exit from the anterior sacral

foramina, and the pyriform muscle external to

the middle sacral artery and the sympathetic

nerve ; it descends to the extremity of the

sacrum and then anastomoses with the middle
sacral and the artery of the otlier side ; at times

instead of terminating thus it enters the sacral

canal through the third or fourth foramen and
is distributed internally. Its branches are dis-

tinguished into two sets, an anterior or internal

and a posterior or external. The former are

distributed to the sacral nerves within the

pelvis, to the pyriform muscle, to the pelvic

cellular tissue and glands, to the levator ani

muscle and to the sacrum. The posterior are

the larger, they are usually four, but at times

more numerous, two branches sometmies taking

the same course ; they pass backward along
the sacral nerves, through the sacral foramina,

into the canal, and then divide into two, of
which one is distributed within the canal to the

nerves and their ganglia, to the membranes and
the sacrum ; the other escapes backward
through the posterior sacral foramen, and is

distributed upon the back of the sacrum in the

sacro-vertebral channel, anastomosing with the

adjoining vessels.

3. 'Dxe middle hemorrhoidal artery is some-
times wanting, its place being supplied by
branches from the other divisions of the iliac

;

it is of about the same size as the previous

arteries, and varies very much in its source,

arising from the anterior division of the iliac,

from that vessel itself or from the pudic, the

sciatic or lateral sacral arteries, it runs down-
ward, forward, and inward along the side and
front of the rectum, at first between the intes-

tine and the levator ani, and then between it

and the fundus of the bladder in man and the

vagina in the female, and divides into branches,

of which the greater part are distributed to the

rectum, anastomosing with the branches of the

superior hemorrhoidal from above and with
those of the inferior hemorrhoidal from below ;

others are distributed to the fundus of the

bladder, the prostate and vesicute in man, and
to the vagina in the female.

4. The vesical arteries are subject to great

variety ; they are numerous and smaller than

the last described : they are distinguished by
Harrison into three sets, inferior, middle, and
superior ; the inferior set consists of those

branches given to the fundus of the bladder by
the middle hemorrhoidal, pudic, and sciatic

arteries; the superior, furnished by the um-
bilical, are two or more in number, and are

distributed to the superior region of the bladder,

but the middle is a single vessel larger than
the others, and given off by the iliac artery,

though frequently arising from some of its

branches, particularly the umbilical : it is en-

titled by Chaussier " vesico-prostatique :" it

passes downward and inward to the fundus of
the bladder, and then divides into branches

distributed to the bladder, and in the male also

to the prostate, the vesicula; and neck of the

bladder.

5. The umbilical artery. In the adult sub-

ject a small arterial canal usually from an inch

and a half to two inches and a half long ex-

tends from the termination of the internal iliac,

or from one of its branches to the superior

lateral part of the bladder; there it is continued

with, or seems to have attached to it superiorly

the umbilical ligament, the artery appearing
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rather to be continuous with the lust branch

arising from it. A variable number of brandies

arise from it ; these are generally the superior

vesical, at times the vaginal or the uterine ; and
according to their number and size its size

varies ; it is not destined to any part, but only

gives rise to these branches, being in reality not

a branch of the iliac but so much of the vessel,

originally the umbilical or placental, as inter-

venes between llie origin of the great branches

and the point at which it becomes impervious,

which remains open because of the origin of

the vesical arteries, &c. from it, but is thus re-

duced in size because of their minuteness.

6. The uterine arterx/ arises either from the

anterior division of the iliac, or from the pudic,

or at times from the umbilical ; it runs forward,

inward, and somewhat downward, until it

reaches the superior lateral part of the vagina,

and entering the broad peritoneal fold of the

uterus it ascends in it along the lateral region

of the uterus in a very tortuous manner, its

tortuosity increasing as it proceeds. As it as-

cends, it gives otf a considerable number of

transverse branches, which attach themselves

to both surfaces of the organ, penetrate its

substance, and supply it with blood, anasto-

mosing, at the same time, freely with those

from the other side. When it has reached the

attachment of the ligament of the ovary, the

artery anastomoses with the spermatic artery.

Before the artery attaches itself to the uterus, it

gives a considerable branch to the vagina, which
descends along it to a greater or less extent

and is distributed to both its aspects. Branches
also go from it to the Fallopian tube, the round
ligament, and the ligament of the orary, and
likewise communicate with branches of the

spermatic.

The uterine artery in the unimpregnated con-

dition of the uterus is a small vessel, little, if at

all, larger than the hemorrhoidal or vesical

arteries, but during impregnation, and the more
so in proportion as that state advances, it un-
dergoes a remarkable change, becoming greatly

enlarged, so much so as to equal or exceed in

size any of the other branches of the internal

iliac ; and at the same time assuming a most
tortuous airangement as well in its branches as

in its trunk.

7. The vaginal artery arises also, when pre-

sent, from the anterior division of the iliac, or
from the pudic, tlie uterine, the umbilical, or

hemorrhoidal ; it is therefore very irregular and
often absent, its place being supplied by
branches from others. It runs forward and
downward along the side of the vagina, dis-

tributing branches to it, and also to the bladder

and rectum. At the extremity of the vagina it

terminates in the external genital organs, and
communicates with the branches of the pudic
attecy.

The external branches of the internal iliac

artery are four, viz.

1 . The obturator or thyroid artery, (artere
sous-pubio-t'emorale, CliAixss.) is a vessel of con-
siderable size, inferior only to the gluteal, pu-
dic, and sciatic branches, and about equal to

the epigastric arter)', but irregular in that as

well as in other respects. It arises most fre-

quently from the posterior division of the

internal iliac or from the iliac itself imme-
diately before its division ; it runs forward and
somewhat downward along the lateral wall of

the |)elvis toward the superior posterior |)art of

the subpubic or thyroid foramen, through

which it escapes from the pelvis into the supe-

rior internal part of the thigh. The course of

the vessel may be divided into three parts :

—

Ist, that within the pelvis ; 2d, that in the sub-

pubic canal ; 3d, that in the thigh. Within

the pelvis the artery is nearly parallel to the

brim of the pelvis, or ilio-pectmeal line, and
from one-half to three-fourths of an inch be-

neath it, it holds a similar relation to the exter-

nal iliac vessels, which are above the line and
from which it is distant from three-fourths of an

inch to one and one-fourth. It is accompanied
by the obturator vein and nerve, and is placed

between them, the nerve being above and the

vein beneatli it. It is situate within the pelvic

&scia; externally it rests against this fitscia

above the origin of the levator ani muscle, and
separated by it from the internal obturator

muscle ; internally it corresponds in front to

the side of the bladder to an extent proportioned

to the degi'ec to which that viscus may be dis-

tended, and is connected to it by cellular sub-

stance ; posteriorly it corresponds to the peri-

toneum of the pelvis, the ureter, and at times

to the anterior division of the iliac arteiy or

some of its other branches. In this part of its

course it gives off a branch which ascends to

the iliacus and psoas, branches to the obtura-

tor intemus, to the lymphatic glands of the

pelvis and the bladder; lastly, as it approaches

the subpubic foramen it gives an important

branch, which ascends posterior to the pubis,

distributes small branches as it proceeds, and
ends in an anastomosis with a branch, which
descends from the epigastric artery. Harrison

has occasionally found a considerable branch

given off in this situation, which passed to the

side of the prostate and the perineum, supply-

ing the place of deficient branches of the pudic

artery.

In escaping from the pelvis the artery is

contained in an oblique canal leading inward

and forward. This canal, the subpubic, is

bounded superiorly and externally by the pu-

bis, which presents on the under surface of its

horizontal ramus an oblique channel, by which

the roof of the canal is formed ; inferiorly and
internally it is bounded by the margins of the

obturator muscles and ligament ; toward the

pelvis it presents a defined aperture circum-

scribed above by the pubis and below by tlie

pelvic fascia, the attachment of which to the

bone is interrupted at the part at which the

artery passes out, and which describing a
curve beneath the vessels, between its points

of attachment at either side contributes thus to

form a rounded aperture through which they

escape without perforating the fascia; a thin

prolongation of tne fascia is detached from it

beneath the vessels into tlie canal. Hernia

occasionally protrudes through this canal, and

the arten,' has been found by Cooper behind



832 ILIAC ARTERIES.

the neck of the sac and ratlier to its inner side.

While within the canal the artery ^ives outward

a considerable branch— its posterior or exter-

nal, or it might be witli propriety called its

thyroid branch—which runs downward and

backward along the external margin of the

thi/roid foramen, between the two obturator

muscles, giving them branches, and at times

altogether consumed in them. Having reached

the tuberosity of the ischium, it gives branches

to the quadratus and adductor magnus muscles,

to the upper attachments of the Hexors of the

leg, and to the ilio-femoral articulation, into

which it sometimes sends through the cotyloid

notch a branch more frequently supplied by

the internal circumflex (femoral) artery ; it also

sends another round the thyroid foramen,

which meets a similar branch from the obtura-

tor. It anastomoses with the internal circum-

flex and the sciatic arteries. At its entrance

into the thigh, the obturator artery is situate

above and before the obturator externus muscle,

and behind the pectinalis, which with some of

the fibres of the adductor longus must be divided

in order to expose the vessel. It descends be-

tween the pectinalis, the long and short adduc-

tors, and is distributed to them, the adductor

magnus, the gracilis, and the integuments upon

the upper and inner part of the thigh. It gives

also a branch, which runs round the margin

of the thyroid foramen, and meets the branch

already described from its thyroid brancli. The
artery anastomoses freely with the internal cir-

cumflex artery.

The obturator artery presents many varieties

as to its source, of which some are deserving

of particular attention. According to J. I".

Meckel its ordinary source is the posterior

division of the internal iliac, either immediately

or by a trunk common to it and the ilio-lumbar,

but at least once in ten times it arises from another

source. The next most frequent is the internal

iliac itself above and before its division ; then

the anterior division of the iliac ; occasionally

the external iliac, and sometimes the femoral,

even so low as two inches from Poupart's liga-

ment. Tiie most frequent variety, and which

according to the same authority is as common
as the origin from the internal iliac itself, is

that the artery arises from the epigastric, or from

a trunk common to both. Sometimes it has a

double origin, being formed by the union of

two branches of equal size, one from the epi-

gastric, and the other from the internal iliac,

and at times it has a diflerent source upon op-

posite sides. In every case the destination of

the artery is the same ; it runs to the inner

aperture of the subpubic canal, in order to

escape to the thigh, and in so doing it holds a

very intimate relation to the internal femoral

ring in those instances in which it proceeds

either from the epigastric or from the femoral.

When it arises from the epigiistric, it runs

obliquely downward, buckward, and inward,

above the crural arch, toward the superior

aperture of the pelvis, then entering the pelvis

posterior to the pubis it turns downward be-

neath it, and gains the subpubic foramen.

During its descent into the pelvis the artery

superiorly is covered by the peritoneum, and
inferiorly corresponds to Poupart's ligvimeiit

and the internal femoral ring, but the side of

the ring, at which it may be placed, varies in

difi'erent instances. \\ hen the common trunk

from which the epigastric and obturator arise is

short, the obturator lies close to the inside of

the external iliac vein and then is situate on
the outer side of the ring, while when the com-
mon trunk is long the artery is more remote

from the vein, coasts along the base of Giinber-

nat's ligament, and tlius runs obliquely across

the front and inner side of the aperture. Ac-
cording to the case, therefore, will be the rela-

tion of the artery to the neck of femoral hernia
;

in the former it will be situate external and
posterior to it, in the latter anterior and inter-

nal.

When hernia descends not only into the lym-

phatic compartment of the sheath, but, as has

been observed by Burns, also into that belong-

ing to the vein, thus forming a double protru-

sion, the artery may, if the common trunk be
short, be situate external to the neck of the

former and internal to that of the latter.

The comparative frequency of this mode of

origin of the obturator artery has been diffe-

rently estimated. According to Monro it oc-

curs in one of twenty cases ; V'elpeau coincides

in this opinion; Lawrence stiites it to be once in

ten ; J. F. Meckel considers it to be as frequent

as that from the internal iliac; and according

to the observations of Cloquet the proportion

of instances in 250 subjects in which the artery

was found to arise from the epigastric, whether

on one or both sides, was one in three, and that

of all the origins from the epigastric to all

those from other sources was still greater, about

1.2 J. A more important question is the pro-

portion borne by those instances in which the

obturator arising from the epigastric is situate

on the inside of the neck of the hernia, to the

total number of such cases, or to that of cases

of femoral hernia requiring operation, for it is

obviously with it that the operator is concerned.

Coojier has not met the artery on the inside of

the hernia, though in six of twenty-one cases

he found the origin from the epigastric ; and
Lawrence states that the proportion of the for-

mer cases does not exceed one in eight or ten,

and therefore that the obturator artery would
be endangered only once in eighty or one hun-
dred operations.

When the obturator arises from the femoral

artery, which Cloquet found in six of 250
subjects, it ascends into the abdomen beneath

the crura! arch, along the pectinalis muscle and
internal to the femoral vein, and in femoral

hernia is found behind the sac.

We are indebted to J. F. Meckel for solving

the apparent irregularity of these origins of the

obturator, and reducing them to a mere varia-

tion of tlie normal condition ; the obturator, as

has been stated, is normally connected with the

epigastric by an anastomotic branch, and hence

may be considered as having two origins, an
anterior and a posterior, a disposition the reality

of which is more manifest at the earlier periods

of life, anil according as the one or the other
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may be deficient or more developed, the obtu-

rator will bo derived priiicipiilly or allogetlier

from the internal iliac or from the epigastric;

when both are equally so it will present the

double origin.

2. The glutiral arteri/, denominated also

posterior iliac, is the largest branch of the

internal iliac, and arises from, or is the conti-

nuation of the ])osterior division of that vessel

;

it rnns downward, backward, and outward, until

it reaches the superior jKUt of the great sciatic

notch ; it then changes the direction of its

course, and making a tuni passes directly out-

ward between the lumbo-sacral and the anterior

branch of the first sacral nerves, and escapes

fix)m the pelvis through the upper part of the

notch above the pyriformis muscle, and accom-
])anied by the superior gluteal nerve. As soon
as the artery has escaped from within the pelvis

and gained its external aspect, it divides into

branches. The trunk of this artery, as it is the

largest, so is it the shortest of the branches of
the iliac; within the pelvis it corresponds ex-
ternally to the lumbo-sacral nerve, internally to

the rectum, and inferiorly to the first sacral

nerve and the pyriformis ; it gives small
branches to the rectum, the pyriformis, and the

surrounding cellular structure ; at times it also

gives off the ilio-lumbar, the lateral sacial, or

the obturator.

At its exit posteriorly from tlie pelvis it is

situate between the adjoining margins of the

pyriformis and the gluteus minimus, and it is

covered by the gluteus maximus.
The branches into which it divides after its

escape are two, a superficial and deep one.

The first passes outward and upward between
the glutei maximus and medius, and divides

into numerous branches, which are distributed

to these muscles, particularly to the maximus;
many of them descend in its substance toward
its insertion, and there meet branches of the

circumflex (femoral) and sciatic arteries; others

pass through the muscle, become superficial,

and supply the integument and subcutaneous
fet; others again pass onward, traverse the

attachment of the gluteus maximus to the sa-

crum, and are distributed to the muscles and
integuments of the posterior sacral region.

The second, the deep branch, passes outward,
upward, and forward, between the glutei medius
and minimus muscles toward the sii)ierior

anterior spinous process of the ilium in an
arched course around the attachment of the
gluteus minimus. As it proceeds it gives off

numerous branches upward from its convexity
and downward from its concavity ; the former
are distributed to the gluteus medius ; the lat-

ter are chiefly two, of which one runs forward
and downward toward the anterior part of the
great trochanter between the two muscles, gives
branches to both, and finally throws itself into

the gluteus ine<lius near the trochanter, and is

consumed in it : it communicates freely with
the external circumflex artery. The other runs
downw-ard and forwani toward the back ot the

^
trochanter, lies for sonie was upon the gluteus

"Tiinimus, or over the interval between it and
he pyriformis, gives branches to both muscles,
VOL. II.

and tlien gains tlie tur&ce of the oi innomina-

tuni by traversing the gluteus or by [Kissing

between itand the pyriformis, pursues its course

upon the bone, to which it gives an artery, above

the ilio-fenioral articulation, to the capsule of

which it also gives branches, and approaching

the anterior inferior spinous process of the ilium

it terminates in supplying the gluteus minimus,

and anastomosing with the external circumflex

artery.

The deep division of the gluteal artery hav-

ing run round the line of attachment of the

gluteus minimus, and reached the superior

anterior spinous process, terminates in an anas-

tomosis with the circumflex iliac, the ilio-lumbar,

and the external circumflex arteries; branches

also turn over the crest of the ilium, iuid so

communicate with the iliolumliar. The deep
division, also, furnishes a nutritious artery to

the ilium, tlie canal for which is to be seen on
tlie dorsum of the bone. The branches of the

gluteal artery are numerous and large ; in order

to expose them the gluteus maximus having

been dissected clean may be detached from the

femur and raised toward the sacrum, when the

branches may be displayed running in every

direction as from an axis.

The situation of the gluteal artery external to

the pelvis permits tlie trunk of the vessel to be

secured ; the gluteus maximus being the only

muscle by which it is covered, it may be exposed

by the division of that muscle; the situation of

the artery may be first determined " by drawing

a line fixim the posterior spinous process of the

ilium to the midspace between the tuberosity of

the ischiumandthegreat trochanter; ifwe divide

this line into tliree, we shall find the gluteal

artery emerging from the pelvis at the juncture

of Its upper and middle thirds." * The ligature

of this artery in case of aneurism has been very

much su|)erseded in favour of that of the inter-

nal or even of the primitive iliac, the latter of

which has been tied by Guthrie for aneurism

of the gluteal artery ; the propriety of tliis pro-

ceeding, however, may be questioned ; tlie

ligature of either the internal or the primitive

iliac must be regarded a more serious operation

than that of the gluteal, and the latter has

proved so efticacious in tlie many instances in

which it has been had recourse to, that, while

it is practicable, the other can be hardly justi-

fiable.

3. The iichiatic artery arises from the ante-

rior division of tlie internal iliac, which, after

having given ofi" its internal branches, divides

into two, of which the posterior and larger is

the ischiatic ; it is the second in size of the

branches of the iliac, being smaller than the

gluteal; but in the adult it appears, for the

most [lart, in direction the continuation of the

original vessel ; its course wifliin tlie pelvis is

long ; it descends, at tlie same time inclining

forward, and forming a curve convex backward,

toward the infenor part of the great sciatic

notch, and escaps through it from tlic pelvis,

superior to the siicro-sciatic ligaments and infe-

rior to the pyrifonnis muscle ; it then descends

HarrisoQ.

3 I
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behind tlie ischium between its tuberosity and
the great troclianter of the femur, and gives off

as it descends numerous branches distributed

in the superior posterior region of the thigh.

Within the pelvis the artery is situate internal

to tile sacial nerves and the pyriformis muscle,

exteruid to the rectum and the peritoneum, in

front of the sacrum, the nerves and the altach-

menls of the pyriformis, and posterior and ex-

ternal to the pudic artery; in escaping from the

cavity it |)asses between the jiyriformis and
ischio-coccygeus muscles, and is accompanied
by the pudic artery, to which it holds the same
relation as before, but is closer to it, and by the

sciatic nerve ; within the pelvis it is internal

and anterior to the sacral plexus, but as it goes

out it passes between its branches, and thus

becomes posterior to the nerve.

Without the pelvis the ischiatic artery corre-

sponds in front to the spinous process of the

ischium, the gemelli, with the obturator inter-

nus muscles, and the quadratus
;
posteriorly, it

is covered by the gluteus maximus and the inte-

guments ; it is situate at first behind the sciatic

nerve, but as it descends it becomes internal to

the nerve, the distance between them increasing

at the same time. While behind the spinous

process of the ischium the ischiatic artery is

external to the pudic artery, and more super-

ficial, i.e. still posterior; butas the pudic passes

to the inside of the tuberosity of the bone, while

the ischiatic runs on its outside, the two vessels

immediately separate and cease to be related.

Within the pelvis the ischiatic artery gives

some irregular and small branches to the rec-

tum, the bladder, the uterus, the vagina, the

cellular tissue, the pyriformis and levator mus-
cles ; at times it is considered as giving off

also the pudic, the hemorrhoidal, or obturator

arteries. The branches which it furnishes ex-

ternal to the pelvis are numerous ; among tliem

are distinguished the following :—1. The coccy-

gean branch, of considerable size, runs down-
ward and inward toward the coccyx, across the

pudic artery and posterior to it, passes through
the great sacro-sciatic ligament, and divides into

branches, which are distributed to the ligament,

to the gluteus, the coccygeus, and levator ani

muscles, to the posterior aspect of the sacrum
and coccyx, and to the fat and integument ; its

branches communicate with those of tlie pudic.

2. A considerable branch or set of branches,

which run outward and downward toward the

back of the great trochanter upon the internal

obturator, gemelli, and quadratus muscles, sup-

ply them with branches, and anastomose with

the circumflex (femoral) arteries. 3. A branch

or branches to the inferior part of the gluteus

maximus, prolonged through it to its insertion,

and then meeting the circumflex and perforating

arteries. 4. A branch or branches, which
attach themselves to the sciatic nerve, naturally

of small size, but regular, and remarkable for

the extraordinary change they undergo at^er the

interruption of the main artery of the thigh

;

they arise about the tuberosity of the ischium,

an(l descend along the nerve giving it branches,

and communicating with branches from the

jierforating arteries, which also attach them-

selves to the nerve, whereby a chain of anasto-

moses is established along it, which, when the

main channel has been mterrupted, becomes
amazingly enlarged and forms, as it were, one
remarkably tortuous vessel along the entire

length of the nerve. 5. A very considerable

branch, the termination of the artery, distri-

buted to the upper extremity of the flexors of

the leg, the biceps. Sec. and of the adductor

muscles ; the ramifications of which communi-
cate with the perforating and internal circumflex

arteries.

The ischiatic artery is circumstanced external

to the pelvis so similarly to the gluteal, that, if

necessary, it might be exposed during life by a
similar operation ; for a method of determining

its situation prior to operation, the reader is re-

ferred to the description of the pudic artery.

4. The interiml pudic tirteiy arises from the

anterior division of the internal iliac, which for

the most part, after having given oft' its other

branches, divides into the ischiatic and the

pudic ; the height at which the division tikes

place is uncertain ; at times it does not occur

until the trunk has descended to the sciatic

nolcli, or even escaped from the pelvis. The
pudic artery is smaller than the sciatic; it

passes downward, forward, and inward, until it

reaches the inferior part of the great sciatic

notch, through which it escapes from within

the pelvis in company with the ischiatic artery,

the pudic, and sciatic nerves ; having escaped

from the pelvis it crosses the extremity of the

spinous process of the ischium and the attach-

ment of the anterior sacro-sciatic ligament, and
returns into the cavity through the anterior

notch, accompanied by the pudic nerve ; having

re-entered the pelvis, it then runs forward, in-

ward, and downward internal to the tuberosity

of the ischium, until it reaches its anterior ex-

tremity, whence it continues its course upward
along the inside of the rami of the ischium and
pubis toward the arch of the pubis, and beneath

the latter finally divides ; the course of the

artery, therefore, forms a considerable curve

convex downward and backward, during which
the vessel is contained within the pelvis at its

commencement and its termination, and is

without the cavity during the intermediate part.

Its course is thence divided into three stages,

during two of which it is within, and in the

third without the cavity.

Tlie first stage of the artery's course, through-

out which it is contained in the pelvis, extends

from its origin to the lower part of the posterior

sacro-sciatic notch, through which it escapes

from the cavity ; it is of variable length, in con-

sequence of the variable height at which the

vessel arises. The relations of the artery during

this stage are posteriorly and externally the

sacral nerves, tlie pyriform muscle, and the

sacrum ; internally the peritoneum and the

rectum ; it is posterior and external to the fun-

dus of the bladder and the vesiculae seminales,

and anterior and internal to the ischiatic artery;

previous to its exit it sometimes passes between

the sacral nerves before forming the plexus.

It goes out from the pelvis below the pyriformis

and above llir spinous process of the ischium
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and t)iB anterior gacro-sciatic ligament, passing

between tlie pyriformis and tlie iscliio-coccygcus

muscles, and having the ischiatic artery and
sciatic nerve botli external and posterior to it.

Its second stage is situate without the pelvis

;

it is usually its shortest one, lasting only while
the artery is crossing the extremity of the

spinous process of the ischium, and not exceed-

ing an inch in length ; it is hei-e situate behind
and above the spmous process and the anterior

or lesser sciatic ligament ; it is covered poste-

riorly by the superior edge of the posterior liga-

ment and by the gluteus maximus muscle ; it

is internal to both the ischiatic artery and
sciatic nerve, and it is crossed posteriorly by
the coccygean branch of the former.

The third stage of the artery is its longest

and most important one ; during it the vessel

is situate within the skeleton of the pelvis,

though not within the pelvis, in the ordinary

sense of the phrase, i. e. within its visceral ca-

vity, being excluded therefrom by the struc-

tures which form its floor; it lies along the

inside of the tuberosity of the ischium and the

rami of the ischium and pubis, and its course and
relations being different at the posterior and an-
terior parts of the stage, they may with advan-
t;ige be considered separately. In the posterior

l)art, or as far forward as the anterior extremity

of the tuberosity or the base of the triangular

ligament of the perineeum, the artery descends
;

in the anterior it ascends ; in the posterior it is

situate in the outer wall of the space which in-

tervenes between the inside of the tuljerosity of

the ischium and the rectum—the ischio-rectal

space. This space is cuneiform, its base below,

toward the surface ; its apex above, toward the

])elvis ; its inner wall is formed by the levator ani

and the dense thin expansion by which the mus-
cle is covered externally or intieriorly, its outer

by the obturator fascia attached infenorly to the

edge of the great sacro-sciatic ligament and of its

falciform process, and by the obturator muscle:
tlie space is occupied by a mass of adipose cel-

lular structure, traversed by some branches of
the pudic vessels and nerves. In a canal in

the obturator fascia llie artery is contained
through the posterior part of the third stage ; by
some it is maintained to be between the fascia

and the muscle, in a sort of canal formed inter-

nally by the fascia, extenially by the muscle
and tuberosity, and inferiorly by the great

sciatic ligiiment ; but this is not correct ; the

vessel being in the fa.scia, and not external to

it ; the line of its course is convex downward,
about an inch and a half from the under surface

of the tuberosity of the ischium at its most de-
jiending part, and from two to two and a half

inches from the surface, this distance varying of
course according to the condition of the sub-
ject ; the line approaches the margin of the

ramus or the spinous process, thence forward
or backward. In the anterior part of the stage

the vessel is enclosed in the triangular ligament
along its attachment to the bone ; consequently,

it is separated from the surface by the su|ierfi-

cial stratum of this structure tiist, in the second
place by the cms penis, covered by the ischio-

cavernous muscle, and behimi il bv the trans-

versus perinei muscle ; and lastly, by the super-

ficial structures of the perineum. As the artery

proceeds it becomes more superficial, and finally

emerges from the triangular ligament, beneath

the subpubic ligament, as the dorsal artery of

the penis.

It is in its third stage that the pudic artery

is exposed to danger in the lateral operation of

lithotomy ; it may be wounded in eitlier of the

two steps of dividing the urethra and prostate

or tlie subsequent division of the superficial

structures: in the former case, the danger of-

the accident will be greatest when the section is

effected with the scalpel or gorget, and in pro-

portion to the width of the blade, and the de-

gree to which the cutting edge may be directed

outward, will the danger be enhanced ; in the

second, the risk will be alike with all cutting

instruments, and will be determined by the

width of the blade, the attention paid to a pro-

per degree of lateralization, the manner in

which the instrument is made to effect a divi-

sion of the parts, and the extent of the section.

The branches of the pudic artery are numerous,

and may be conveniently arranged according to

the st!^ of its course, in which they are given

off. In its first, before its exit from the pelvis,

it gives branches to the bladder, the rectum,

the vesiculie, prostate, vagina, and uterus ; it

also frequently furnishes the middle hemor-
rhoidal.

In its second stage, while external to the

pelvis, it gives branches to the gluteus, the pyri-

formis, the obturator and gemel I i muscles, the

sacro-sciatic ligament, the ischium, and sacrum

;

they anastomose with the ischiatic, the gluteal,

and internal circumflex arteries.

Those which arise in its third stage are the

most important. 1. The artery gives, while on
the inside of the tuberosity of the ischium,

branches which are distinguished into external

and internal ; the former are small, and go to

the adipose structure beneath the tuberosity, to

the attachment of the biceps, to the obturator

internus, and the integuments' the internal are

larger ; they come through the obturator fascia,

run inward toward the anus, and are distributed

to the adipose cellular structure of the ischio-

rectal space, to the levator and sphincter ani, to

the extremity of the rectum, and the margin of

the anus; they anastomose with branches of

the middle hemorrhoidal artery and with those

of the other side : they are variable in number,

being one, two, or three, and are denominated
" external hemorrhoidal ;" they are liable to be

divided in operations in the vicinity of the

anus, e. g. in the superficial incision in the

lateral operation or in operation for fistula

;

tliey are, however, so small that they seldom

give trouble, eidier ceasing to bleed spontane-

ously, or being commanded by brief compres-

sion.

2. The perineal artery.—At a short distance

from the base of the triangular ligament the

pudic gives off a branch of considerable size

and length, by many regarded as one of its

ultimate branches ; the pudic, according to

them, terminating bydividing into two branches,

an inferior, " the perineal," and a superior.

3 I
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The perineal artery comes through the obtu-

rator fascia, and descends to the perineum, pos-

terior to the transverse muscle, though at times

before it; when it has got below the muscle it

changes its direction, and runs forward, up-
ward, and inward, superficial to the triangular

lijrament, toward the root of the scrotum ; at

tliis pari of its course it is situate along the

outer bide of the interval which separates the

erus penis and the corpus spongiosum urelhrve,

internal and parallel to the crus, and covered

by a superficial lamina of the fascia of the peri-

neum, a deeper layer of which intervenes be-

tween it and the muscles of the eras and bulb
and the triangular ligament ; as it proceeds it

gives the following branches : 1. outward, one
to the integument and subcutaneous structure

beneath the anterior part of the tuberosity of

the ischium ; 2. inward, one which runs to the

interval between the front of the rectum and
the bulb of the corpus spongiosum, superficial

and parallel to the transverse muscle ; it sup-

])lies the integument and subcutaneous struc-

ture of the perineum, and the common inser-

tion of the superficial sphincter, the transverse

muscle, the bulbo-cavernous and the levator ani

in front of the rectum. This branch is at times

furnished by the pudic itself; it is denominated
by some " the proper perineal," by others " the

transverse perineal." 3. A branch to the bulbo-

cavernous ; 4. one to the ischio-cavernous mus-
cles.

The perineal artery having reached the back
of the scrotum sends long branches into tlie

subcutaneous structure and integument of that

part, and entering the septum scroti, terminates

in it as the " artery of the septum." In the

female, the ultimate branches of the artery are

distributed to the labia majora.

The perineal artery, from its superficial situa-

tion, is exposed to be divided on many occa-

sions ; in lateral lithotomy it may be cut, but
for the most part it escapes, its course being
external to the line of mcision ; some of its

branches, however, cannot escape, the trans-

verse perineal particularly must, as a matter of

course, be divided. Having given oft' the peri-

neal artery, the pudic pursues its course, en-

closed in the triangular ligament, along the

rami of the ischium and pubis, toward the arch

of the pubis ; arrived under cover of the crus

penis, it gives off' a considerable branch, des-

tined principally for the urethra and the corpus

sj)ongiosum, and denominated hence by Chaus-
sier " urelhro-bulbaire," by Harrison "arteria

corporis bulbosi vel spongiosi urethru'," but by
Boyer and Cloquet " artere transverse;" it is

short, runs transversely inward, enclosed in the

triangidar ligament about a quarter of an inch

from its base, but nearer to it externally than

internally; at the bulb it divides into two
parts, of which one, the smaller, is distributed

to tlie ante-prostatic gland ; the other enters the

bulb and ramifies through its vascular struc-

ture, being prolonged through it as far as the

glans, supplying at the same time the mem-
bi-aiie of the urethra and its lacunae ; a branch
from it passes into the corpus cavernosum, and
anastomoses with the artery of that slnicture.

In the female, the branch corresponding to this

is distributed to the vascular plexus which sur-

rounds the orifice of the vagina.

llie artery of the bulb is one of much prac-

tical importance ; it is liable to be wounded in

lithotomy in the act of opening the urethra;

this accident is incurred when the canal is

opened too high, i. e. too near to the arch of

the pubis, or too much from the side raUier

tlian from beneath, and in either case is pretty

certain to occur ; the proceeding by which to

avoid both the artery and the bulb itself, is to

cut into the urethra as far back, i. e. from the

surface, and as far from the arch as the gui-

dance of the staff will assure the operator to be

safe, the point of the knife being directed as

much from below as the interference of the

bulb and the lateral line of incision will permit;

further, it is the design of the operator to open

the canal in the membranous portion and be-

hind the bulb; and in order to effect this, the

incision should be made as near as may be to

the base of the triangular ligament, or, if possi-

ble, behind it. If divided, the artery of the

bulb may be tied, tliough not without some

difficulty ; it is prevented from retracting by

being enclosed in the triangular ligament, but

it is situate deep ; its distance from the anterior

surface of the ramus of the pubis being about

three-fburdis of an inch ; its shortness as well

as its being concealed by the crus penis and

by the bulb with their muscles, and being in

the superior angle of the wound, must also

increase the difficulty of securing it.

The pudic artery having reached the base of

the subpubic ligjiment divides into its two

final branches, the artery of the corpus caverno-

sum and the dorsal artei-y of the penis.

3. T/w urta-i/ of the corpus cavernosum arises

from the pudic'between the crus penis and the

ramus of the pubis and immediately enters the

crus obliquely ; it is prolonged through the

vascular tissue of the corpus cavernosum to its

extremity, distributing branches to either side,

and communicating with that of the other.

For the peculiar distribution of the arteries of

the corpus cavernosum and spongiosum, accord-

ing to Aiuller, see the article Eiiectile Tissue.

4. Tliedorsul. arlerfi of the penis, which ap-

pears in direction the continuation of the original

ves.sel, comes through the triangular ligament

and ascends in front of the subpubic ligament

through the angle formed by the crura penis at

their junction ; having surmounted the crus it

atutches itself to the dorsal aspect of the penis

and runs forward upon it on either side of the

suspensory ligament parallel to the artery of

the otlier side, and contained together with it,

the dorsal vein, and nerves, in the groove

formed by the apposition of the crura, internal

to the nerve and external to the vein ; it is

prolonged to the anterior extremity of the

corpus cavernosum, where it breaks up into

branches, which uniting with those of the other

form an arterial zone behind the corona glandis,

and sinking into the glans are distributed to its

tissue.

During their course along the dorsum of the

penis the arteries arc tortuous, communicat«
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frequently, are covered not only by the skin

and subcutaneous cellular structure, but also

by a dense filamentary expansion, or fascia,

which nivests the penis beneath them, and tliey

give branches to those structures as also to the

fibrous niembmne of the corpus cavemosuin,
and finally to the prepuce. The dorsal artery

is at times furnished by the obturator, or the

external pudic artery.

Beside the varieties of origin which have
been mentioned, the pudic presents some im-
portant varieties in its course. It has been
fovnid by Burns in four instance.s, " instead

of passing out of tlie pelvis between the

sacro-sciatic ligaments to attach itself (o the

lateral and inferior part of the bladder, and to

traverse the ujjjier segment of the prostate

gland in its course to the ramus of the ischium."
Another variety is described by Harrison, in

which the proper trunk of the pudic is found
unusually small, and the dorsal artery of the

penis arises originally and separately from the

internal iliac, runs along the side of the bladder
and prostate gland, and escapes from the

pelvis along with the dorsal vein of the penis
beneath the arch of the pubis. The latter dis-

position, iiiuliitix muluiidix, has been found by
Tiedemann in the female as well as in the

male, and is figured in his thirtieth plate. It is

described by Winslow as the normal arrange-

ment, only thataccordinglohim the vessel, which
takes this unusual course, arises sometimes
from the common pudic, at others from the

iliac, llaller questions the occurrence of this

disposition, but describes another, in which
the inferior vesical artery arising from the

middle hemorrhoidal is continued on the

dorsum of the prostate into the dorsal artery of
the penis, given, as in ordinary, from tlie pudic.

Among the varieties of the arterial system
few possess greater interest than these, inas-

much as no foresight or skill can guard against

the untoward accidents which attend their

presence in lithotomy ; their possibility forbids

a section of the prostate upward ; but for-

tunately tliey are rare.

The situation of the pudic artery upon the

exterior of the pelvis admits the possibility of
tying the vessel in the living subject; the
plan of operation necessary for the purpose
is similar to that to be adopted with the gluteal

artery, only it must be performed lower down
;

it is the same with that for the ischiatic artery

;

for determining the situation of which or the
pudic the following directions are given by
liarrison :•—" Place the individual on his face
with the lower extremity extended and the toes
turned inwards: feel for the summit of the

great trochanter, and for the base or articulated

end of the coccyx ; these two points are bn a
level ; then draw a line from one to the other,

and we may be certain that tlie pudic artery

and the spine of the ischium are opposite the
junction of the middle and internal thirds of
this line.'' The ischiatic artery may be
reached as easily, or even more so, than the

• Vol. ii. p. 108.

gluteal ; but the difficulty which mud attend

the seeking for the pudic must be extreme.

TuE EXTERNAL ILIAC AKIEBY, (arttria

iliaca exUrna, Lat. ; artire UUujue txteme,

Fr. ; porlion iliuque de la crurale, Chaiiss.

;

Ausserc iltift-puUwter, Gcr.) is the vessel

destined for the supply of tlie lower extremity,

of which the portion contained within the

abdomen, in the iliac region, is denominated the

" external " iliac, in contradistinction to llie

artery of the pelvis, the " internal."

It commences at the division of the primi-

tive iliac artery, at a point intermediate to the

body of the last lumbar vertebra, or the sacro-

vertebral prominence, and the sacro-iliac articu-

lation, and it terminates at the crural arch, at

a point midway between the superior anterior

spinous process of the ilium and the spinous

process of the pubis,* or at the outer side of

the ilio-pectineal eminence of tlie os innomina-

tum. The point at which the vessel com-

mences is not uniform either in all subjects or

on the two sides of the same; depending upon

the point at which the primitive iliac divides,

which is variable, it will be higher or lower,

nearer to the vertebra or to tlte articulation,

according to the situation of the bifurcation of

that vessel : on the right side of the body the

artery commences for the most part nearer to

tlie body of the vertebra than on tlie left, on

which it is of course nearer to the articulation ;

hence the artery arising higher upon the former

is longer upon that side than ujwn the latter,

the difference in length varying from a quarter

to half an inch. The external iliac terminates

in the femoral or crural artery, strictly so

called ; but the distinction between the two is

one only of convenience, inasmuch as they are

but different stages of the same vessel ; there

appears therefore much propriety in the

• The situation of the artery at its termination is

differently stated by different writers ; Hoyer states

it to be midway between the spinous process of the

ilium and the symphysis pubis ; Cloquet, midway
between the spine of the ilium and the spinous pro-

cess of the pubis : Harrison, about half an inch to

the pubic side of the centre of the crural arch. The
relation of the vessel to the points between which

it is placed, is probably not the same in all cases

;

but that assigned to it by Cloquet seems most

gensraUy applicable. According to Cooper, with

whom Cloquet concurs, tlicrc are, in the male,
3' inches from the symphysis pubis to the

middle of the artery, and in the female 3j,
while the distance to the superior anterior spinous

process of the ilium is in the former 5J, and in

the latter six inches ; the artery must therefore be

external to the mid-point, being for the most part

concave forward and inward atiove, and convex

forward below ; but in this particular it is not uni-

fonn, being sometimes nearly straight ; the degree

of ita tortuosity also appears to depend upon the

age of the subject and the plenitude of the vessel.

The direction of the artery is oblique, and as tha

primitive iliac and it are continuous in the adult, the

course of both the vessels maybe defined, during

life, by a line extending from the umbilicus, or

from lialf an inch below it, at its left side, to a point

midway between the superior anterior spinous pro-

cess of the ilium and the spinous process of the

pubis, the upper extremity of the lino varying

according to the situation at which the aorta divides.
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designation adopted by Cliaussier, which,

while it recognises the identity of the vessel

throughout its course, sufficiently marks the

grounds of distinction between its two portions.

The external is somewhat smaller than the

primitive iliac, but in the adult considerably

larger than the internal ; its direction is down-
ward, outward, and forward, and hence it

forms with the jjrimitive iliac a curve convex
backward, and seems the continuation of that

vessel; its length is from three to four mches,

and during its course it forms one or more
curvatures.

Such is the disposition of the vessel in the

adult; but in the younger subject it is different

in some respects ; in the foetus the external iliac

is considerably smaller than the internal, and
does not seem the continuation of the primitive

iliac, which at that epoch is continued into the

internal ; the external appearing rather as a

branch or. a smaller division from a trunk

conmion to the other two : after birtli the

relative disposition of tlie iliacs gradually

changes, until they acquire that of the adult.

The relations of the external iliac artery are

as follows: posteriorly, it corresponds through

the upper half of its course to the lateral part

of the superior aperture of the pelvis; inclining

outwards as it descends, it corresponds in its

lower half to the os innominatum, and the more
perfectly, the nearer it approaches the crural

arch, at which part it is placed in front of the

bone, crossing it nearly at right angles, and
separated from it by an interval occupied by
thepsoo-iliac aponeurosis and the psoas muscle.

At its outset theextemal iliac vein is directly

behind the artery, and on its right side, also

the commencement of the primitive iliac vein,

the artery crossing the junction of the two
vessels, on that side, obliquely in its descent

;

during the remainder of its course, the vein,

though posterior to it, is also internal ; through-

out the lower half of its course it lies upon
the psoo-iliac aponeurosis, supported by the os

innominatum, and at first separated from the

bone only by the aponeurosis ; but as it pro-

ceeds separated from it also by the tendon of the

psoas parvus when present, and by the inner mar-
gin ofthe psoas magnus, it is very near to the os

innominatum, external to tlie ilio-pectineal emi-

nence, and being here supported by bone, and

made steady by its connections it may with

certainty be compressed and its circulation

perfectly commanded. Internally, the artery

corresponds above to the aperture of the pelvis,

to its viscera more or less intimately, according

to their state of distension or contraction, and

also to the small intestines which descend into

it ; in the lower half of its course, the external

iliac vein, which at its outset is behind or

beneath the artery, is internal, though still some-
what posterior to it ;at the crural arch the artery

and vein are nearly upon the same level, being

supported by the os innominatum ; the artery

liowever somewhat anterior to the vein, but

as the vein recedes from the arch it inclines

less inward than the artery, and at the same
time retreats more from the surface; and Itencc

it gradually gets more completely behind the

artery until at its jiuiction with the primitive

vein it is concealed by it anteriorly.

The artery is covered by peritoneum, upon
its inner side through a considerable part of its

course ; above the membrane covers it com-

pletely ; but as it descends the extent becomes
less in consequence of the ascent of the vein ;

which thus gradually intervenes between the

artery and the membrane, and removes the

latter from it altogether in the lower part of its

course. When the primitive iliac divides at a

high point, the ureter descends into the pelvis

internal to the external iliac immediately after

its origin; this occurs more frequently upon the

right side than the left. Beneath the perito-

neum the artery is covered by an investment, of

which presently again, attaching it superiorly

to the peritoneum and inferiorly to the vein.

Externally the artery corresponds through it»

entire course to the psoas magnus muscle, but

it is separated from it by the psoo-iliac fascia, to

which it is connected by its immediate invest-

ment ; tlie relation of the artery and the

muscle are, however, somewhat different at the

upper and lower parts of the vessel's course;

above, the artery does not lie upon the muscle,

but rests against its inner side along its anterior

part, while inferiorly it lies upon the inner

margin of the muscle at the same time that it

rests against it externally.

The genito-crural nerve is situate along the

outer side of the artery ; this nerve, long and

slender,a branch of the lumbar plexus, descends

upon the psoas, extenal to the artery, and at

first at a little distance from it; as it proceeds, it

approaches thevessel,and liesclose to itenveloped

in the fascia propria; at dielower part of its course

its genital branch frequently passes in front

of the artery. The anterior crural vein is also

external to the artery ; but it is considerably

posterior to it, separated from it by the outer

margin of the psoas, between which and the

iliacus it lies, and also by the fascia iliaca, which

covers it ; the nerve is about half an inch from

the artery at the crural arch ; as it recedes from

the arch the distance increases.

In front, the artery is covered immediately

by a cellular investment, formed by the sub-

peritoneal cellular structure—the fascia propria

— upon the posterior wall of the iliac fossa;

this encloses both the artery and the vein and at

the same time connects them ; it varies in its

condition according to the subject, in some it

appears a dense, but still cellular expansion, in

others from the deposition of fat it forms

an adipose stratum, which however still presents

a more condensed character in immediate con-

tact with the vessels ; it adheres closely to the

surface of the fascia iliaca upon either side of

the vessels and thus attaches them to it ; it is

prolonged upward upon the primitive iliac

vessels, and below, it ascends between the

peritoneum and the fascia transversalis upon
the anterior abdominal wall ; upon the primi-

tive iliac it is very thin and proportionally

weak ; but as it descends it increases in thick-

ness and strength until at the lower part of the
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external iliac. It funns a ttratum of some
thickness and considerable resisuince, deserving

of much attention in a practical point of view;

there are imbedded in it immediately above the

crural arch, and superficial to tlie artery, one or

more lymphatic glands; the genito-crural nerve

also descends enclosed in this structure, at tlie

outside of the artery. Ueneath the investment,

and immediately above the crural arch, an ex-

pansion of limited extent, presenting frequently

a true fibrous or aponeurotic character, arises

from the front of the vessels, and passing

forwiu'd becomes identihed with the fascia

transversalis upon its internal surface ; thus

coimecting the vessels to the anterior part of the

superior aperture of the femoral sheath, and
closini; the interval between these parts, which
utlicrwise would be unguarded.

In the second place the artery is covered

anteriorly through about four-tifths of its course

by the |)eritoneuni of the iliac fossa ; in the

inferior fifth, i.e., for from half to three-fourths

of an inch immediately above the crural arch,

the membrane passing from the front of tl>e

artery to the anterior wall of the abdomen
leaves the iliac artery uncovered ; and hence
the practical inference that the external iliac

artery may be tied without disturbing the

peritoneum.

Beneath the peritoneum the artery is crossed

at the inferior part of its course by the sper-

matic vessels, and at the superior, upon the

right side very frequently by the ureter.

Thirdly, the viscera of the iliac fossa on the

one hand, or of the pelvis on the otiier, ac-

cording to circumstances, cross or overlap it

;

on the right, the ccccum and the termination

of the ileum ; on the left, the sigmoid tiexure

and the commencement of the rectum, and on
both sides the small intestines are placed in front

of it. And when the viscera of the pelvis become
distended and rise from the cavity they overlap

it from that side.

The thiid relation of the artery in front is

the anterior wall of the iliac region ; the details

of this it is not proposed to examine at lenijth,

but only so far as they may be concerned in

the relations of the artery ; the structures com-
posing the wall being numerous, they may be

conveniently arranged into three sets, viz., tlie

superficial, the intermediate, and tliu deep or

lining structures.

The sujjerticial structures are three, the

skin, the subcutaneous cellular tissue, and the

fascia. Of these the first does not require to

be dwelt xiyion ; the second is subject to much
variety in its condition ; it forms a stratum of

considerable thickness in every case ; when,
however, the superficial cellular slnicture of

the body is charged with much adeps, it then

forms an uniform and thick stratum of fat

without any distinction into lamina; ; this is

best exemplified at the early periods of life,

particularly in children cut off by an acute

diseiise ; when, on the contrary, the body is

emaciated, it forms a condensed cellular ex-

pansion much thinner than in the former case,

and divisible frequently into laminx. This

structure is coutiuued froiu the iliac over the

otiier regions of llie abdomen, downward u|K)n

the thigh, and in the middle line upon the

spermatic process of the male and the organs

of generation. Numerous .su|>erficial vessels

are contained in and ramify through it; these

are derived from several sources, but that which

is pro|)er to the iliac region is the suiwrficial

epigastric artery which ascends from the

femoral sui>erficial to the aponeurosis of the

external oblique muscle and intermediate to

the inguinal rings.

Beneath the subcutaneous stratum is the

third superficial structure, tlie fascia ; this is a

tliin dense expansion by which tlie external

oblique muscle and its aponeurosis arc covered

;

it is not confined to the abdomen, but is con-

tinued into a similar expansion upon the ad-

joining regions whether upward or downward ;

it adheres closely to the muscular jmrtion of

the oblique, particularly at the junction of tlie

muscular fibres with the aponeurosis along tlie

linea semilunaris, but its connection to the

aponeurosis itself is more free, an extensible

and delicate cellular tissue being interposed.

Hence it is easily detached from the latter ; it

is most dense, fibrous, and strong upon llie

iliac region ; as it ascends thence it becomes
less dense and fibrous, and assumes more of a

simply condensed cellular character; it is not

equally distinct in every subject, in all it can

be recognized at the crural arch, and for some
di.otance above it, but as it recedes from the

arch it frequently seems to be gradually re-

solved and to cease. Below, it is attached

posteriorly to the outer edge of the crest of the

ilium, and along this line it meets the insertion

of the fascia lata of the back of the thigh ; in

front between the superior anterior spinous

process of the ilium and the spinous process of

the pubis it descends over the crural arch, having

only a cellular connection to it, and being

separable witli ease firom it, as well as from

the aponeurosis of the oblique ; immediately

below the arch it is united to the s'jperficial

surface of the fascia of tlie thigh, botli externally

and internally, on the latter side jxissing back

to tlie [lectineal line of the pubis, into which it

is inserted along with the pubic portion of the

fascia lata ; in the interval between the spinous

processes of tlie pubis it is prolonged down-
ward upon the spermatic processes, and is

continued upon them in the form of a sheath

into the scrotum, where it invests the testicle ; it

is very thin and transparent upon the spermatic

process. The existence of this structure, to

which attention appears to have been first

directed by Camper, can always be demon-

strated however fat or young the subject may
be, though, as has been stated, it is not always

equally manifest; it seems distinct from the

subcuuineous cellular structure,which frequently

forms a uniform and thick stratum of fat be-

tween it and the skin. Different views have

been taken of its nature ; by Scarpa it is re-

garded as a prolongation of tlie fascia lata of

the thigh, while others and the majority consider

it as a continuation of the superficial fascia, so

called, of the same part, and formed by tlie deep

stratum of the abdoniiniU subcutaneous cellular
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structure converted by condensation or removal

of its adeps into an expansion ; to me it appears

that tlie view taken of its nature liy Scarpa is cor-

rect, not ill the sense that it is a prolongation of

the fascia lata, but that it is of tlie siime nature,

and that it is to the abdomen the same structure

which the fascia lata is to the thiah ; it is a

question entitled to consideration only for ac-

curacy's sake, but I have frequently verified tlie

inferior connections of this expansion such as

they have been detailed, and further it appears

to me that it is not properly continuous with

the superficial fascia of the thigh, for if it be

detached from the aponeurosis of the oblique

muscle and tlie crural arch without injury to its

connection with the fascia lata, and be then

held perpendicular to the latter, the superficial

fascia of the thic^li may be removed from the

angle which it will thus form with the fascia

lata, and its connection still remain perfect

:

a favourable subject aud a careful dissection

will certainly be required for the purpose, but

this circumstance will not invalidate the con-

clusion ; it is also to be recollected in making
the dissection, that the fascia detaches processes

over the inguinal lymphatic glands.

The structures of the second order of parts

concerned with our subject, are the aponeurosis

of the external oblique muscle, the internal

oblique and the transversalis muscles ; of these

the fiKt, which is immediately beneath the

fascia, extends over the entire anterior wall of

the fossa reaching from the linea semilunaris

above to the crural arch below ; internally it is

united with that of the other side in the linea

alba, and inferiorly it forms the crural arch by
its border, which is attached externally to the

superior anterior spinous process of the ilium,

internally to the spinous process of the pubis,

and in the interior to the iliac fascia and the

fascia lata. The direction of this band is to be

borne in mind, for it does not run directly from

one of these points of bone to the other ; but
it descends toward the thigh, and recedes from

the surface at the same time that it passes in-

ward, hence it is concave both forward toward

the surface and upward toward the abdomen
;

the cause of this direction is ils connection

inferiorly and posteriorly with the fascia lata

and the fascia iliaca. The aponeurosis consists

primarily of tendinous fibres which run in the

.same direction as the fibres of the muscle, i. e.,

downward and inward, ])arallel to each other,

and also to the crural arch, though rather con-

verging toward it internally, and thereby form

a tendinous expansion ; the longitudinal fibres

of the aponeurosis are crossed by others which
run downward and outward ; these are very

irregular in number and do not interlace with

the former, to which they are superficial ; hence
the aponeurosis does not possess great strength

ill the transverse direction, and its longitudinal

fibres are liable to be separated, and deficien-

cies to be thereby funned in the aponeurosis,

which are not unfrequently to be observed.

The superficial inguinal ring is seated in the

aponeurosis ; this aperture, fur the particulars of

which see the articles Abdomen and Hernia,
is of variable form and size ; in some cases it

is elliptical, in others triangular ; in the male

it is larger than in the female ; its position is

oblique, the longer diameter inclining from the

jiubis upward and outward toward the superior

anterior spinous process of the ilium ; lis

actual length is extremely variable, in some
instances not amounting to half an inch, ni

others exceeding an inch.

The inferior part of the internal oblique and

of the transversalis muscles, which alone is

concerned in the anatomy of this part of the

abdominal wall, maybe distinguished into two

parts, viz., their muscular portion and their

aponeurosis. The muscles are both, but more
particularly the latter, very thin, though of

great width ; they are placed the one within the

other, and the internal oblique, which is super-

ficial to the transversalis, also descends a good

deal lower, so that its inferior margin approaches

very close to the crural arch, leaving only suf-

ficient space between them for the escape of

the spermatic process, which it covers beneath

the aponeurosis of the external oblique, and
which in some instances passes between its

fibres,* while the margin of the transversalis is

at some distance from the arch, and rarely

covers the process, at least to any extent, the

process escaping from the deep ring, for the

most part below the margin of the muscle

;

Cloquet has even seen the margin of the muscle

so far as two fingers' breadth above the point of

escape of the cord, and its fibres are usually

pale, fine, and scattered. The muscular fibres

of the lower part of the two muscles are at-

tached to the anterior extremity of the crest of

the iliura and to its spinous process, also to the

superior aspect of the outer part of the crural

arch, the oblique to nearly the outer half of

the arch, the transverse to the outer third or

fourth, but the ultimate attachment of the

latter is to the surface of the fascia iliaca above

the arch, to which they adhere very intimately

as they pass forward from the fascia ; they run

inward nearly transversely, but convex forward

in proportion to the prominence of the abdo-

men, those of the oblique over the deep ring,

and the spermatic process within the inguinal

canal, those of the transverse above the ring,

until they have both passed that point ; they

then descend along the inside of the process,

and at the same time recede from the surface so

that they become posterior to it, and terminate

as they descend in a thin irregular aponeurotic

expansion common to the fibres of both mus-
cles, and thence denominated " the conjoined

tendon ;" though designated by an especial

name, this is in reality only the inferior part of

the general conjoined tendon of tlie two mus-
cles which terminate between the umbilicus

and the pubis in a common expansion ; this is

placed superficial to the rectus muscle, and is

inserted into the linea alba, the anterior margin

of the crest of the pubis as far as its spinous

process, and tlience outward into the pectineal

line of the bone, there forming the " conjoined

tendon" of the anatomy of hernia. This struc-

ture is situate behind the sjiermatic process,

* Cloquet.



ILIAC AUTERIES. 841

between it and thu fascia tiansversalis ; it ap-
i>i();iclies very in;ir to tlic inner margin of the

(Jeep rin^, and at its insertion nito the pectineal

line It meets and is identified witli (Jimbernat's

ligament; it is closely adliercnl to the surface of

tlie fiiscia transvei-salis, and hence that fascia

prcsenlsan appearance of thickness and streiiiitli

upon the inside of the deep ring, which it does
not really |)ossess. I'rom the inferior margin
of the internal oblique and from the superior

side of the crural arch the creraaster muscle
descends upon the anterior and external part of

the spermatic process, forming one of the

coverings of tlie process within the inguinal

canal, of course concealing it after the division

of the aponeurosis of the external oblique, and
requiring to be detached from the arch along

with the lower fibres of tlie internal oblique in

order that the process may be fairly exposed.

The deep structures of the anterior wall of

the iliac fossa are also three, viz., the fascia

transversalis, the fascia propria, and the peri-

toneum.

1. The fascia transvL-rsalis is most remark-

able in the iliac region, but it is not con-

fined to it, being to be traced upward to

the surface of the diaphragm, and backward
round the interior of the lateral walls of the abdo-
men. In the iliac region this fascia is iiiferiorly

first identified with the fascia iliaca from a short

distance behind the anterior superior spinous

process of the ilium to the outer side of the

external iliac artery, or about the middle of the

crural arch ; the line of its connection with the

fascia iliaca runs downward, forward, and in-

ward, at a short distance within the crest of

the ilium and the crural arch, approaching the

latter, however, as it descends, until at the

outside of the artery it touches it ; it is sepa-

rated along this line into two laminae which
enclose the circumflex iliac artery between

them ; there is, therefore, an interval between

the arch and the line of connection of the two
fascia; in which the fascia iliaca intervenes, and
to the surface of this part of the fascia it is

that the internal oblique and transverse muscles
are attached. In the second place the fascia

transversalis descends into the tliigh beneath

the crural arch, between it and the iliac vessels,

and forming the front of their sheath; and,
thirdly, it is attached uiMii the inside of the

vessels, along the pectineal line of the pubis

jjoslerior to the conjoined tendon of the internal

oblique and transverse muscles, between it and
the peritoneum, and separated by it from the

spermatic process, which is in front of both.

Internally the fascia transversal is is con-

nected to the edge of the tendon of the rectus.

Midway between the superior anterior spi-

nous process of the ilium and the spinous pro-

cess of the pubes, and at from half to three-

fourths of an inch abov(; the crural arch, the

spermatic process escapes from the abdomen,
descending within a cylindrical prolongation of

the fascia by which the process is enclosed, and
which thus forms a shcalli for the process. By
detaching this prolongation from the fascia

around the process, a circular aperture is

formed in the fascia, whicli is the deep in-

guinal ring, the situation of which has been
just defined. Un the inside of tliis opening
are situate tlie epigastric vessels, the artery,

and vein or veins, the artery in the former case

being next the ring, in the latter at times the

outer of the two veins.

2. The fascia propria is a cellular stratum in-

terposed between the peritoneum and the struc-

tures of the abdominal walls which it lines ; it

varies in thickness and condition at different

parts and in different subjects ; at times it con-
tains adeps, at others it is purely cellular, or

forms a condensed expansion ; in the iliac

region it is thicker upon its posterior than its

anterior wall ; on the latter it increases in

thickness as it descends towards the crural

arch, being so thin towards the umbilicus that

the peritoneum adheres very closely to the ten-

dinous expansion of the muscles; at the deep
inguinal ring it is more dense, and the perito-

neum, the fascia transversalis, and it, are mor«
intimately connected than at either side; ex-
ternal to the ring, between it and the spinous
process of the ilium, it is so free tliat the pe-
ritoneum may be separated without difficulty

from the interior of the fascia transversalis,

and along the crural arch it forms, from the

external iliac artery outward, a soft mass,
sometimes thick, occupying the interval left

between the peritoneum and the fascia trans-

versalis, at die reflection of the former from
tile iliac fossa to the anterior wall : upon this

wall it encloses the epigastric vessels, the um-
bilical ligament, and the spermatic vessels, and
not only does it extend universally over tlie in-

terior of the abdominal walls but it is prolonged
through their several apertures upon the parts

which pass through them, as in the case of the
spermatic vessels.

From the anterior wall of this region it passes
to the posterior, where it lines the iliac fossa,

and connects the peritoneum or the viscera to

the iliac fascia ; at the outer part of the fossa

it is remarkably free, soft, and easily lacerated,

so that tlie peritoneum can be detached, pro-
bably with greater facility at this than at any
other situation ; at its inner part it is even more
abundant, thicker the nearer to the crural arch,

forming the investment by which the iliac ves-
sels are inclosed, and descending thence into

the pelvis.

Lastly, the peritoneum of the anterior wall
is continuous inferiorly with that of the iliac

fossa, being reflected from the one to the other

at the distance of five or six lines above the
crural arch—a fact deserving of much attention,

since it permits the external iliac artery to be
secured without disturbing the membrane. In
its reflection from one wall of the region to

the other it leaves immediately above the crural

arch, between itself, the fascia transversalis,

and the fascia iliaca, a triangular interval of
some lines, occupied by the fascia propria,

and at times at least by one or more lymphatic
glands; this space is widest at the iliac artery

and diminishes as it extends outward; this fact

also deserves attention, inasmuch as it points
out where the fascia transversalis may be di-

vided, if necessary, in the operation of expo-
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sing the external iliac with least danger to the

peritoneum, viz. on the outside of tlie deep

inguinal ring and close as possible to the crural

arch. The peritoneum of the anterior wall of

the fossa is weaker toward the middle line

than externally; it presents toward the abdo-

men two depressions or recesses denominated

by Velpeau " fosseltes inguinales," internal

and external ; these depressions vai-y very much
in their depth, sometimes hardly perceptible,

at others of considerable depth and capacity,

more especially the external, which is much
the larger; they are produced by the projection

of the umbilical ligament from the interior of

the abdominal wall, and the reflection of the

peritoneum round the ligament, by means of

which a triangular fold, wide in proportion to

the degree to which the ligament projects, is

formed, the base of which is below, the apex

above toward the umbilicus, and in the free

edge of which the ligament is contained ; this

fold separates the depressions, one being

external to it, the other internal, between it

and the urachus ; the external one, the bottom
of which tends forward and inward, corresponds

to some point of the posterior wall of the in-

guinal canal, but its precise relation to it is

uncertain, because of the irregularity of the

position of the umbilical ligament ; at times

it is identical with another slight depression

situate on the outside of the epigastric vessels,

which marks the situation of the deep inguinal

ring, the ligament in such case being behind
these vessels ; at others it corresponds to the

wall of the canal, to the superficial inguinal or

the deep femoral rings, the ligament being in

these latter cases internal to the epigastric

vessels.

The branches of the external iliac artery de-

serving of particular attention are usually two,

the anterior or circumflex iliac and the epigas-

tric arteries; throughout the superior part of its

course the artery gives only miuute branches to

the peritoneum, the cellular tissue, the psoa:

muscles, and the lymphatics ; the other two,

which have been mentioned, are given off im-

mediately before the artery escapes from the

abdomen. They arise at a very short distance

above the crural arch, sometimes so high as

three-fourths of an inch from it, at others at it,

and sometimes again below the arch from the

femoral ; they proceed one from the outer and

the other from the inner side of the vessel,

sometimes opposite to each other, at others in-

differently one above the other; occasionally

they are given oflf from a trunk common to

both; they are nearly of equal size, but for the

most part the epigastric is larger than the cir-

cumflex.

1. The (interior or cirmmflex iliac artery,

(arteria circuniflexa iliuca or ilii ; Fr. artere

circorijiexe iitaque, ou iliuque ou antcrieiire,)

arises from the outer side of the external iliac

on a level with or somewhat lower than the

epigastric; it runs outward and upward above

and parallel to the crural arch as far as

the superior anterior spinous process of the

ilium; during this course it lies upon the fascia

iliaca superficial to the psoas and iliacus mus-

cles and the anterior crural nerve, and it is

inclosed in a triangular canal, formed behind

by the fascia iliaca, below and above by la-

minae of the fascia transversalis, which divides

at its union with the former, in order to inclose

the artery. When the anterior abdominal wall

has been thrown down, and the peritoneum

with the fascia propria removed from the iliac

fossa, the course of the vessel may be traced by
a white line, which marks the union of the two
fascia;, extending from the middle of the crural

arch upward and outward within about three-

fourths of an inch of the spinous process of
the ilium ; by the division of the fascia trans-

versalis along this line the artery will be ex-

posed.

During its course toward the spinous process

the artery gives branches to the psoas and
iliacus, the transversalis and oblique muscles,,

and to the inguinal glands ; near the process it

gives upward a considerable brancli, which
ascends in the anterior wall of the abdomen,

between the internal oblique and transversalis.

muscles, in front of the spinous process, .serving

with its accompanying veins as a guide in dis-

section by which to distinguish between the

two muscles; it divides into branches, which
are distributed to the muscles, as also to the

structures, which cover and line them, and
communicate with branches of the epigastric,,

lumbar, and intercostal arteries.

The circumflex artery pursues its course and
runs backward around and within the crest of
the ilium, internal to the transversalis muscle;
during its course it gives branches inward to-

the iliacus muscle which anastomose with si-

milar branches from the iliolumbar, and up-

ward to the lateral abdominal muscles, which
are partly distributed to tliem, partly turn over

the crest of the ilium and communicate with

the gluteal artery, and in part communicate
with the lumbar or intercostal arteries. Finally,

the artery, very much reduced in size, anasto-

moses freely with the termination of the ilio-

lumbar, which pursues a similar course in a
contrary direction around the interior of the

crest of the ilium.

The circumflex artery has been found by
Monro to present an irregularity deserving of
notice ; he has seen a branch from it, nearly as

large as the epigastric, pass under the crural

arch, about two inches from the symphysis
pubis, and there divide into branches, which
were distributed upon the symphysis and the

fat and skin over the arch.

2. The epigastric artery, (Fr. artere cpigas-

triqne, A. sua-pubienne) arises from the in-

ternal and rather anterior part of the iliac

artery, near to the cniral arch ; the distance

of its origin from the arch, however, is liable

to variety ; for the most part it occurs about

half an inch above it, but it is frequently

nearer to it, or even at it, and occasionally it

is below it, arising from the femoral artery ; it is

given off, as has been stated, from that part

of the iliac, which is left uncovered by peri-

toneum, and its point of origin is posterior to,

sometmies above, sometimes on a level with,

and at others below the reflection of the mem-



ILIAC ARTERIES. 84S

hrane from the posterior to the anterior wall of

(he abdomen. Its course is tortuous ; it passes

forward and inward ; when its origin is low, or

very near to the arch, at once upward ; but

when its origin is high, at first downward in

front of tlic external iliac vein, and then

changing its direction, when it has reached the

reflection of the peritoneum, it ascends inward

toward tlie outer margin of the rectus nniscle,

in front of the membrane, between it and tlie

fascia trausversalis ; it reaches the margin of

the muscle from one and a half to two mches
above the pubis, and then passing behind it

enters its sheath, and continues its course upon
the posterior surface of the muscle toward the

umbilicus, and terminates by dividmg into

branches, which anastomose freely with de-

scending branches of (he internal mammary
artery ; the main course of the vessel is there-

fore oblique upward and inward ; and it may
be defined by a line drawn from the junction of

the middle and inner tliird of the crural arch to

wi(hin half an inch upon either side of the

umbilicus.

The artery, when its origin is high, is situate,

at its outset, behmd the peritoneum, posterior

to the deep inguinal ring ; in the rest of its

course it is at first beneath and then before it,

in immediate contact with it from tlie ci-ural

Mch to the edge of the rectus, and enclosed in

tlie fascia propria, but in the remainder sepa-

rated from it by the back of the sheath of the

muscle ; it therefore forms in this case a curve

in which the reflection of the peritoneum is

contained, and through which the vas deferens

forms a similar curve,—the aspect of (he curves

being however different, the convexity in the

former directed downward, and in the latter

outward and somewhat upward—the two cords

hooking round each other; in its a.scent from
the crural arch it is contained in the posterior

wall of the inguinal canal, between the fascia

trausversalis and the peritoneum, crossing the

canal nearly at right angles, and intermediate

to the two rings, being distant from the outer

part of the superficial one, according to the

size of the a|ierlure, from half an inch to an
inch and a half, and in its relation to the deep
ring varying from the margin of the a])erture

itself to four or five lines distance from it. It

is accompanied sometimes by one, at others by
two veins; in tlie former case the artery is

always external and next to the margin of the

ruig ; in the latter, one of the veins is at times

between it and the ajierturc.

The relation of the artery to the inguinal

rings indicates at once that which it must hold

to (he neck of the sac in the two original forms
of inguinal hernia ; in die oblique or external

inguinal heniiaitis, as amatterof course, placed

beneath and on the inside; and in the direct or

internal inguinal, u])on the outside of the

neck ; but in the former it must, in consequence
of its natural vicinity to the ring, and the dila-

tation of the latter, be close to and surround
the neck upon the two sides mentioned, while

in the second, unless the aperture be much
enlarged, it will be at a greater or less distance

from it ; the risk of danger to the vessel from

cutting to the side, at which it lies, in a stran-

gulation at the neck of the sac, must therefore

be much greater in the former than in the

latter. In the case of a hernia originally ob-

lique and become direct by long continuance,

the artery carried inward along with the deep
ring, from the displacement of which the

hernia assumes the character of the direct form,

the artery is of course situate still upon the

inside ot the neck, which at the same time it

surrounds to a greater extent than in the former

instances ; this tliird, though secondary, form of

inguinal hernia presents another case, in which

the relation of tlie vessel to the neck of the

sac demands attention the more that the true

nature of the case being obscure and (he

hernia originally and secondarily direct, being

thence liable to be confounded, it is most im-

portant that it should be borne in mind that

the artery may be to the one side or the other,

according as the hernia has been originally or

secondanly direct. The epigastric artery is

also situate, in its ascent, external to the deep
femoral ring ; its distance from it, in tlie natural

state, is about half an inch ; but when hernia

is present, and the neck at all large, the epi-

gastric vessels are close to its outer and anienor

side, the vein, however, being between the

artery and the ring ; when the obturator artery

arises from the epigastric, the propinquity of the

latter to the ring is increased.

The branches of the epigastric artery are

numerous, and some of them imixirtant. Its

first branches are two given off between its

origin, and the deep inguinal ring, higher or

lower, according to the situation of the origin

of the epigastric itself; they arise, in some in-

stances separately, in others by a single origin,

and they run over to the posterior surface of

the pubis, the other to anastomose with the

obturator artery ; the former, the pubic branch,

runs inward above Gimbemat's ligament,

sometimes along its anterior, sometimes along

its posterior margin, to the back of the

pubis, and according to its course is liable

to be situate before or behind the neck

of a femoral hernia. The second, the obtu-

rator branch, runs backward, downward and
iuwaid toward thesuperioraperture ofthe pelvis,

i.e. in the direction, which the obturator artery

when arising from the epigastric takes; having

descended into the pelvis it joins the obturator

at a variable distance between tlie origin of

that vessel from the internal iliac and the sub-

fiubic foramen; frequently it divides at the

irim of the pelvis into two, of which one

joins the obturator and the other runs backward

along the brim and anastomoses with (he ilio-

lumbar artery. This branch holds precisely the

same relation to femoral hernia which the

obturator when arising from the epigastric does;

it is very variable in size, and it is u|K)n its de-

velopment as compared with that of the origin

of the obturator from the internal iliac tliat

depends, whether the former shall seem a

branch of the latter, or of the epigastric ; when
the origin of the obturator from the iliac has

become wanting, (his branch (akes i(s place

and becomes (he obturator.
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2. The epigastric artery in passing the deep
inguinal ring gives a branch, which goes out

through the ring in company vvitli the spermatic

process, descends to tlie scrotum and is distri-

buted to the structures of tlie cord, to the

tunica vaginalis, and to the creraaster, and anas-

tomoses with branches of tlie spermatic artery

;

it is denominated by some the injerior sper-

matic artery.

3. As the artery ascends in the abdominal
wall it gives to either side numerous branches,

which are distributed among the structures of

the wall, anastomosing externally with branches

of the circumflex iliac, of the lumbar and the

inferior intercostal arteries, and internally with

those of the artery of the other side ; many of

these branches ultimately become superficial,

passing through the muscles, and through aper-

tures in the aponeurosis of the external oblique
;

they terminate in the superficial structures,

anastomosing with the other superficial vessels.

4. Finally, the epigastric artery terminates by
two or more long ascending branches, which
meet and anastomose with branches from the

internal mammary artery.

Methods of operation for the ligature of the

iliac arteries.-—The methods of operation for

the internal and primitive iliacs being but mo-
difications of those adopted for the external, I

propose to detail the latter first.

The operation in each case may be resolved

into three stages, viz. 1, the division of the

structures of the abdominal wall ; 2, the dis-

placement of the peritoneum with the inter-

vening viscera; 3, the management of the

artery and the parts immediately related to it.

Several plans have been proposed for exposing

the external iliac artery ; these may be regarded

as, all, modifications of the same; yet their

number, the existence of points of difference

leading to results of some importance, and the

advantage to be derived from a clear appre-

hension of them, render it desirable to distin-

guish them so far as they present distinctive

characters deserving notice. I propose, there-

fore, to particularize five methods, between
which operators may have occasion to select.

In the first the line of incision is straight, and
corresponds to the course of the artery. In the

second the line of incision is also straight, and
inclines away from the course of the artery

toward the superior anterior S|)inous process of

the ilium. In the third the line of incision is

cun'ed, convex downward toward the tliiuli, and
crosses the course of the vessel. In the fourth

the line of incision is straight, and transverse to

the artery's course. The fifth, which I would
specify, is a modification of tlie third, by which
that plan may be rendered more geneially aji-

plicable. The first is, that which was adopted
by Abernethy, by whom the artery was first

tied, A.D. 1796, and is now generally known as

his method, of which the following is his own
account :—" I first made an incision, about

three inches in length, through the integuments

of the abdomen, in the direction of the artery,

and thus laid bare the aponeurosis of the ex-

ternal oblif|ue muscle, which I next divided

from its connection with Poupart's ligament, in

the direction of the external wound, for the

extent of about two inches. The margins of

the internal obli(|ue and transversalis muscles
being thus exposed, I introduced my finger

beneath them for the protection of the peri-

toneum, and then divided them. Next, with

my hand I pushed the peritoneum and its con-
tents upwards and inwards, and took hold of

the artery."*

The second metliod seems due to several,

and first also to Abernethy. This may seem
doubtful, from the account of his second ope-
ration originally given by himself, in which he
says merely that " an incision of three inches

in lens'th was made through the integuments
of the abdomen beginning a little above Pou-
part's ligament, and being continued upwards ;

It has more than half an inch on the outside of
tlie upper part of the abdominal ring, to avoid

the epigastric artery. "^- But in his collected

worksj of different dates it is expressly stated

of this and his subsequent operations that the

incision "began just above the middle of
Poupart's ligament, and consequently external

to the epigastric artery, and was continued

upwards, but slightly incimed towards the

ilium." The plan adopted by Frere differed

not much from this. This method appears

however more particularly attributable to Houx,
who seems to have been the first to give specific

instructions for it, recommending that the be-

ginning of the incision should never be further

than half an inch from and a very little higher

than the anterior superior spine of the ilium,

and that it should be earned very obliquely

downwards to the middle of I'oupart's liga-

ment.§

The third method is that of Sir A. Cooper,
in which the incision is begun just above the

abdominal ring, and is extended downward in

a semilunar direction to the upper edge of

Poupart's ligament, and again upwards to

within an inch of the anterior superior spinous

process of the ilium. This incision exposes

the tendon of the external oblique muscle : in

the same direction the above tendon is to be
cut through, and the lower edges of the in-

ternal oblique and trdiisversatis muscles ex-

posed : the centre of these muscles is then to

be separated from Poupart's ligament : the

opening by which the spermatic cord quits the

abdomen is thus exposed, and the finger passed

through it is directly applied upon the iliac

artery above the origin of the epigastric and
circumflex itii arteries : the next step of the

operation consists in gently separating the vein

from the artery by the extremity of a director

or the end of the finger ; the aneurismal

needle is then passed under the artery.||

Tlie fourth is that of Bogros, in which the

line of incision is, as I understand it, straight,

from two to three inches long, immediately

above the crural arch, and has its extremities

• Surgical Works, 1830, v. 1, p. 292.

t Surgical Observations, 1804, p. 214.

} Surgical Works, 1830, p. 396.

^ Cooper's Dictionary, and Xouvcaux Elemcns dc
Med. Op.

II
Cooper's Lectures by Tyrrell, v. 11.
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equidistant, the external from the tpine of the

ilium, and the internal from the symphysis of

the pubis. The ai)oneiirosis of the external

obli<iiie muscle having been laid open in the

dircclion of the craral arch upon a grooved

director, the spermatic cord with the creniaster

is to be drawn upward beneath the superior lip

of the wound ; die deep ring dilated with the

jioiiit of the finger; die epiyaslric vessels, if

a j!;uide be necessary, followed toward their

origin ; the cellular structure and lymphatic

glands situate above the arch upon die artery

sc|)arated ; and the vessel exposed and
isolated.*

In the fifth method, which is but a modi-
fication of Cooper's, the outer extremity of

the incision as directed by him is prolonged

to, or beyond the superior spinous process of

the ilium in proportion to circumstances.

Before these meUiods lie contrasted with

each other, a few additional remarks seem re-

quired in reference to the operation however
performed.

1

.

The posture of the patient should be such
as will most relax the abdominal muscles in

order to prevent as much as possible their

pressure upon the viscera, and to allow the

more easy separation of the edges of the wound.
The shoulders should he raised and the legs

bent upon the pelvis.

2. It seems desirable that unless the super-

ficial wound be longer than has been staled,

the division of the aponeurosis of the external

oblique should be of equal extent.

3. The recommendation to divide tliat apo-
neurosis upon a director appears judicious as

a means boUi of fiicility and safety.

4. Where it can be used the finger seems a

.safer instrument with which to separate the

internal oblique and transversalis muscles from
the structures beneadi, for it will be readily

understood that the extremity of a director

might be easily thrust through the peritoneum

in the execution of this step.

5. It must be borne in mind that between
the muscles and the artery there are to he ex-

pected beside the peritoneum two other struc-

tures : 1. die fascia transversalis; 2. the im-

me<liate investment of the vessels. The fa.scia

transversalis may either be treated in the manner
directed by Cooper, viz. by dilating the deep
ring, or be lacerated with the nail, as recom-
mended by Guthrie, but it is to be recollected

that a prolongation of the fascia descends upon
the spermatic cord, and that therefore there

exists no opening, and that die fascia varies

in strength, and may at times be found so

strong as to require more force to lacerate it

than it may be deemed proper to exert. In
such case an opening may be made through it

with the knife, and enlarged upon a director

if necessary. This may be effected by either

of two inediods, viz. either by dividing the

prolongation of the fascia, which descends
upon the spermatic process, " having been first

raised with a forceps, to a suflicient extent to

admit the forefinger to pass upon the cord into

* .4rchive« Gcn«ralt'S dc Med., t, iii. p^ 4t)8.

the internal abdominal ring,"—a proceeding
adopted by Mott, and which offers a safe mode
of opening that structure ; or by cutting the

fiiscia upon the outside of the ring, in the di-

rection toward the superior spine of the ilium,

to such an extent as may allow the introduction

of the director or the finger: the section can-
not be attempted safely inward, because of the

vicinity of the epigastric artery, which is so
near to the inner side of the deep ring that it

must in such case be ex|x)sed to imminent
danger, situate as it is between the fiucia

and the peritoneum ; on the oUier hand the

more close attachment of the fascia to the latter

membrane in proportion as it recedes from the
crural arch forbids die section of the fascia di-

rectly upward ; while the existence of the tri-

augular interval, which has been described,

between the fascia and the peritoneum imme-
diately above the arch renders the membrane
safe from injury in a division outward near to

the arch : it must however be recollected that

in approaching the areh the circumflex ilii

artery is also approached and endangered, so
tliat the incision should not be brought too

.
near to that part, but made in the direction

mentioned, nor in any case be larger than will

suftice for the introduction of the finger or the
director.

C. The immediate investment of the ressels

frequently opposes great resistance to the sepa-
ration of the artery and vein, and to the iso-

lation of the former; this impediment is due
not merely to the strength of the investment,
but also to the absence of a resisting support
behind the vessel as it recedes from the pubis,
in consequence of which it yields to the pres-
sure exerted to separate it. 1 n such case the
nail, the director, or the knife has been recom-
mended for the division of die expansion;
Abernethy made a slight incision on either side
of the artery. The nail does uot seem the best
instrument in this instance, because, by the
use of it the vessel must be a good deal dis-

turbed, a circumstance to be avoided when-
ever it can be ; the knife aeain must be attended
wiUi risk unless used widi great caution and
in steady hands, and the risk is the greater
when the incision is made at one side of the
artery, since the vein is thereby endangered

;

it would seem a safer proceeding and one less

likely to disturb the artery unnecessarily, if,

when it can be done, the investment were
pinched up with a forceps over the middle of
the artery and then divided to the extent to

which it may have been raised, after which,
with the dii'ector or the blunt aneurism- needle,
the artery may be isolated with facility while
the investment is drawn to either side witli the
forceps.

7. It is to be borne in mind that one or
more lymphatic glands usually lie in front of
the artery imbedded in the cellular structure

which forms its investment, and that these

may be to be displaced.

8. In operations upon the iliac arteries, more
particularly when jierformed after the method
of Abernethy, or upon the internal or primi-

tive vessels, a protrusion or liearing down of
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the abdominal viscera is to be expected which
has been found a great obstruction to tlie

operation : this will be most eflectually pre-

vented by the use of purgatives previous to the

operation; by posture, the abdominal muscles

being thereby relaxed as much as possible

;

and during the operation, if it occur, by the

use of curved spatulas of considerable width

and curve, as used by Mott, with which the

viscera may be supported.

9. In the passage of the ligature it will

always be necessary to be assured that the

genito-crural nerve is not included ; but it may
be avoided without difficulty, and can seldom

require to be divided. Its situation should be

borne in mind, viz. above external to the artery,

below external or anterior.

Lastly, it would seem the safer plan to pass

the needle and ligature from within outward,

inasmuch as the vein is internal to the artery.

In Cooper's Lectures edited by Tyrrell, it is

directed to pass the needle from without; by
so doing there is less risk that tlie genito-crural

nerve shall be included, and in high operations,

since the vein is situate so much beneath the

aitery at the superior part of their course, it

will not be thereby much endangered, but at

the lower part the vein must certainly be more
exposed by that mode of passing the ligature

than by the contrary one, while the nerve may
be avoided without difficulty.

We shall next consider the comparative

merits of the several plans of operation. In
the method of Abernethy the direction of the

line of incision is attended with the following

consequences. 1. It requires a more extensive

division of the oblique and transversalis mus-
cles, and hence is more likely to be followed

by weakness of the abdominal wall. 2. Fal-

ling, as first performed by him, nearly upon
the course of the epigastric artery, it exposes

that vessel to be divided, though in the me-
thod adopted by him in his latter operations

this risk must be very much diminished, if not

removed. 3. The extent to which it is neces-

sary to divide the internal oblique and trans-

versalis muscles must expose tlie peritoneum

lining the anterior wall of the abdomen to be

lacerated or divided during their separation.

4. The parallelism of the vessel and the wound
must render it necessary to expose a greater

length of the former, in order to effect its

separation from the contiguous parts and to

pass a ligature round it. 5. It is therefore

necessary to detach the peritoneum in all cases,

and to a greater extent than may be necessary

or required by a different method. 6. The
peritoneum must be detached to an equal ex-

tent from both walls of the abdomen—from the

anterior as much as, or it may be more than,

from the posterior. 7. The protrusion of the

viscera must be more likely to occur.

It is asserted by some* that the spermatic

cord is more exposed to injury in this method

;

but it appears to me that it cannot be more so

than in others, and that it ought to be more
safe.

* Vclpeau.

The second method is free from many objec-

tions to which others, and especially the tii-st,

are exposed. 1. It does not endanger any

vessel but the superficial epigiUitric. 2. It does

not endanger the spermatic cord. 3. Probably

it does not tfnd to weaken the abdominal wall

as much as the first method. 4. It renders

necessary a much less extensive detachment of

the peritoneum, since the line of incision falls

so much nearer to the inferior reflection of the

membrane. Add to these that by it the artery

may be reached at as high a point as by the

first, and no doubt can remain that it is to be

preferred to it ; and in cases requiring a high

ligature of the vessel there is none, save the

modification of Cooper's method, which can

be considered equally eligible. It is still,

however, subject to the same conditions with

the first, only in less degree, in the method of

Cooper, on the contrary, the internal oblique

and transversalis muscles are divided to but an

inconsiderable extent, and the division of the

aponeurosis of the external oblique approaches

more to the course of its fibres. The direc-

tion of the incision being transverse to that of

the artery, the vessel may be exposed, and a

ligature passed round it without stripping it to

a great extent and with little disturbance of it.

Again, for the same reason and because of the

vicinity of the incision to the crural arch, the

vessel may be exposed either without dis-

placing the peritoneum at all, or displacing it

but little ; and when it is necessary to displace

the membrane, that may be effected with the

least possible disturbance of it, inasmuch as,

because of the propinquity of the line of in-

cision to the reflection of the membrane, it is

not necessary to detach the latter from the

anterior wall of the abdomen. It must also

be less exposed to the protrusion of the viscera,

and when the vessel is tied below, the refiectioii

of the peritoneum must be exempt from it.

This method permits the artery to be reached

at from an inch to an inch and a half above the

crural arch.

Oil the other hand this method endangers

the epigastric artery and spermatic cord more
than the others ; the former because the line

of incision crosses the vessel's course, com-
mencing internal to it, and the latter because

the line of incision crosses and sweeps over

tne cord in describing its curve. Velpeau con-

siders that there is greater danger to these parts

in the method of Abernethy, but I cannot

concur in this opinion, for the lower extremity

of the incision alone can fall upon the situation

of the cord, and in the mode adopted by him
in the majority of his operations, the line of

incision was external to that of the epigastric

artery. Experience too proves that there is

greater danger of dividing the epigastric artery

in the method of Cooper, since the accident

has occurred more tlian once in it, and in the

most dexterous hands; thus Averill relates that

the artery was wounded by Dupuytren, and

Guthrie also states that he has seen the artery

divided in the performance of this operation,

while I am not aware of an instance in which

the trunk of the artery has been divided in the
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method of Abemclhy. But these objections

to the method of Cooper, however serious in

themselves, seem of insufficient weight when
contrasR'd with those to which the plan of

Abernoihy is subject, more especially since

they only require caution to be eftectually ob-

viated, wliile the others are inseparable from

the |)lan to which they apply- And hence the

preference has been given to his method, by
ttie greater number of those* who have had

opportunities of experimentally testing the

comparative claims of the two in all cases

where it is applicable : i. e. in those instances

in which the aneurismal tumour has so little

encroached upon the crural arch, or in which

there is so much reason to consider the artery

in a healthy condition immediately above the

arch, that it may be with propriety tied near

to that part. Sabatier is of opinion that the

method of Abtmethy slwuld be preferred in

every case ; but tlie number of authorities

in favour of the other is so great, that we must
consider its greater eligibility as a decided

question. And the method of Cooper pos-

sesses the additional and great recommendation

tliat it may at any time be so moditied by the

prolongation of the upper extremity of the in-

cision, as to be adapted to every case, so that

in instimces, in which it may be found neces-

sary to tie the artery at a greater distance from

the arch than the original plan will permit,

this modiftcalion of it may be adopted even in

the course of the operation : for the most part

surgical writers recommend a preference of

Abemethy's first plan in such circumstances

;

but to this all the same objections which have

been already stated, apply, and forbid its adop-
tion, while another less subject to them and
not less ethcacious presents for selection.

Abemethy's plan certainly promises one ad-

vantage, viz. that the line of incision being

nearer to that of the artery the depth of it from

the surface is likely to be less, unless where
the abdomen is very prominent, than in the

latter, in which the obliquity of the direction

must increase the depth of the wound, and for

the same reiison it may be more easy to obtain

a view of the vessel, and to direct the ojiera-

tion by the sight, which must be more difficult

in the latter, and in pru|X)rtion as the point at

which the operator aims is higher ; yet, not-

withstanding this circumstance in favour of the

method of Abernethy, and the preference given

by several to it in such cases, the method of

Cooper, modified as has been explained, ap-

pears to me still preferable, inasmuch as the

greater disturbance of the peritoneum, the risk

of injuring it in front, and the greater debility

of the abdominal wall likely to be the con-

sequence of Abemethy's method, seem to out-

weigh its advantages : there is beside another

disadvantage attending the latter and a cor-

responding advantage attending Cooj^r's plan,

which must be experienced when an aneuris-

mal tumour occupies the iliac fossa, viz. that,

by tlie fomier the peritoneum must be detached
from all the front of the tumour, while in the

* Norman, Todil, Vclpcau.

latter the lower and inner part of it may be

left undisturbed, and this I consider a matter

of some importance.

The method of Uogros has been proposed a-i

an improvement upon that of Cooper, under the

impression that in the latter the incision, which

makes nearly a right angle with the artery,

corresponds to the vessel only by its internal ex-

tremity, while in the one which Bogros proposes

the middle of the incision corresponds directly

to the artery ; by this plan he further maintains

that greater facility in the o|)eration is ob-

tained, and the artery may be exposed nearly

an inch above the crural arch without disturb-

ing tlie peritoneum, while in Cooper's the

membrane must be always displaced, and the

ligature can be applied at only a very short

distance from the arch. BogrtM plainly under-

stands Cooper's incision to commence at the

internal abdominal ring, and in such case bis

objection-! would be well founded. It is cer-

tainly to be regretted that Cooper has used an
ambiguous expression, which has led others

beside Bogros to mistake his meaning ; but if

reference be made to his description of the

anatomy of hernia it will be found that by the
" abdominal" he intends the superficial in-

guinal ring, and if so, that the sole difference

between his and Bogros' plan is that in one the

line of incision is straight while in the other it

is curved, whence the comparative results must
be the reverse of those inferred by Bogros, so

far as the facility of securing the artery and of
reaching it at a greater distance from the crural

arch is concerned. If however it be desired to

secure the artery immediately above the crural

arch, between it and the reflection of the [leri-

toneuni, as may occur in cases of femoral

aneurism, the method of Bogros furnishes a
plan fully adequate to the intention, free from
the necessity of disturbing the peritoneum and
easy of execution ; at the same time that it is

subject to the objection, tliat, unless care be
taken to prevent it by tracing the vessels to

tlieir origin, which must render the operation

more complicated and delicate, the artery is

more likely to be tied below the origin of the

epigastric and circumflex arteries by this than

by any other plan, and this u[>on two accounts

had better be avoided, so that all things con-

sidered this plan appears to me not so eligible

as that of Cooper, in which it is altogether

optional with the operator whether he shall

disturb the peritoneum or not, or whether he
shall tie the vessel immediately above the arch

or farther from it, the one method being ap-

plicable to all cases, and not requiring, perhaps

during the operation, a transition to another,

after that the first has been found insufficient.

The modification of Cooper's plan, which
has been enumerated as a fiftli method, can be
required only in those cases, in which it may
be necessary to reach a very high point of the

external or the primitive iliac. In such it will

be a question whether to adopt Abemethy's
original method, the second method, or the one

under consideration : for myself it appears to

me that the first ought to be abandoned in

operations upon the external or primitive iliacs,
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unless there be something peculiar in the par-

ticular case to justify its adoption. The ad-

vantages of the second nietiiod have been
partly stated ; to tliese is to be added that tlie

line of incision will be made to correspond more
to that of the artery than by the last method,

and consequently the wound wdl be less oblique

in depth, whence probably there will be less

difficulty experienced in holding aside the parts

which intervene between the surface and tlie

vessel ; and certainly the operator, who may
be apprehensive of injuring the epigastric and
circumflex iliac arteries or the spermatic process,

will do well to adopt it. Still for some reasons

I feel disposed to prefer the last, for 1, it re-

quires less disturbance of the peritoneum ; 2,

it appears to me that the exposure of the vessel

must be greatly facilitated by carrying the lower

extremity of the incision across the course of

the artery to its inner side, which is not accom-
plished by the second method ; 3, a semilunar

line of incision furnishes a wound of greater

length, and capable of being more widely

opened than a straight one, while caution will

secure the spermatic process and the epigastric

artery from injury ; and if a branch of the

circumflex iliibe, as it is likely to be, divided,

it may be tied with ease. This was the me-
thod adopted by Mott in the operation, in

which he tied the primitive iliac artery ; a case

which sufficiently establishes the adequacy of
this plan for the high ligature of the vessel, at

the same time that it displays in a strong light

the difficulties for which the operator must be
prepared. In such cases the method of di-

viding the internal oblique and transversalis

used by Mott may be adopted with advantage,
viz. after having opened the fascia transversalis

to insinuate the finger between it and the peri-

toneum, and guided by it to divide both mus-
cles at once from within. It must not be
forgotten that it is not uncommon to find the

ureter crossing the internal iliac artery, upon
the right side, near its origin.

Operations for the ligature of the internal

iliac artery.— The method adopted in this

operation by Stevens, by whom the artery was
first tied, and that recommended by the ma-
jority of writers, is similar in principle to the

first plan of Abernethy for the external iliac,

and differs from it only in the lengtli of the

incision, which, according to Guthrie, should

be five inches, beginning about half an inch

above Poupart's ligament and about the same
distance to the outside of the inner ring; it

should be nearly parallel to the course of the

epigastric artery, but a little more to the out-

side, in order to avoid it and the spermatic

cord, and have a gradual inclination inwards

toward the external edge of the rectus muscle

:

according to Hodgson the centre of it should

be nearly opposite the superior anterior spinous

process of the ilium. The aponeurosis of the

external oblique, and the internal oblique and
tranversalis muscles having been divided with

the same precautions to avoid the peritoneum,

as in the other case, the fascia transversalis is

to be torn through at the lower and outer part,

so that the fingers may be passed outward

towards the ilium, and the peritoneum detached

from the iliac fossa, and turned with its contents

inward by a gradual and sidelong movement of

the fore and second finger inwards and upwards,

until passing over the psoas muscle the ex-

ternal iliac artery is discovered by its pulsation.

This is then to be traced upward and inward

toward the spine, where the origin of it and
the internal iliac from tlie common iliac trunk

will be felt. The artery is to be traced down-
ward from its origin and separated with care

from its connections, and more especially the

vein. The sides of the wound should now be
separated and kept apart with curved spatula;

in order that the surgeon may, if possible,

see the artery, and have sufficient space for

passing the ligature. Great care must be taken

to avoid every thing but the artery ; the peri-

toneum which covers, and the ureter, which
crosses it, must be particularly ke\it in mind;
the latter may be separated with ease, and
usually accompanies the former as it is being

detached from the artery. The situation of the

external iliac artery and vein, which have been

crossed to reach it, must be always recollected,

and, if possible, they should be kept out of
the way and guarded by the finger of an
assistant.* This method has in this case a

recommendation, which it does not possess for

the other iliacs, viz. that, as it is necessary in

tying the internal iliac to descend more or less

into the pelvis, it is desirable that the external

wound should be as near as possible to the

aperture of the cavity, but the danger to the

peritoneum must be even greater because of

the greater extent to which it must be separated,

and the closer attachment of it to the ten-

dinous than the muscular structure of the

abdominal vrall. It, therefore, seems to me a

question whether even in this case the line of

incision here recommended should be adopted,

and whether it would not be better to have

recourse to that either of Roux or Cooper.

Of the two perhaps the former may be best

adapted to the internal iliac for the reason just

assigned; though, if the inferior extremity of

the incision be not carried beyond the middle

of Poupart's ligament, difficulty must be ex-

perienced in exposing the vessel and passing

the ligature; therefore here again I am dis-

posed to prefer the semilunar line of Cooper,

only not brought so close to the crural arch as

for the external iliac, and prolonged, as di-

rected by V'elpeau, two inches at its external

extremity.

It is recommended to pass the ligature from

within outward because the internal iliac vein

is posterior to the artery ; this appears to me,

however, not the most judicious plan, by it the

point of the needle must be first carried out-

ward and then forward and inward in order to

pass round the vessel : now the external iliac

vein is immediately external to and crossed by
the artery; the junction of the two iliac veins

is also external to the artery, and the internal

one, though posterior, is at the same time ra-

ther external to it. In such a case the course

* Guthrie on Diseases of Arteries, p. 371-2.
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to be pursued must be very mucli influenced

by the convenience of ll)e moment ; but it

would seem tlie better plan, where a choice can
he made, to pass the needle first backward
between the artery and the external iliac vein,

and then inward behind the artery toward the

pelvis, by which plan the veins will be more
surely avoided, and more space will be ob-
tained for seizing the ligature.

In this as well as every operation upon the

iliac arteries, the spermatic vessels must be
kept in mind, inasmuch as they require atten-

tion as much as the ureter ; they are usually,

Aowever, like it, removed with tlie peritoneum.

Velpeau suggests tlie possibility of rupturing
the ilio-lumbar artery in isolating the internal

iliac, and the risk ought not to be overlooked.

Ligature of the primitive iliac artery.—Any
of the methods recommended, whether for the

internal iliac or the external at a high point,

will answer for Uie ligature of tlic primitive

iliac. Guthrie gives the preference to that

upon Abernethy's first plan in this as in the

case of the internal iliac ; but it aiipears to me
•that here, at all events, the method of Koux or

the modification of C'ooj)er's operation is to be
preferred ; for, beside that there does not exist in

this case the reason for approximating the line of
incision to the ajierture of the pelvis, which
applies to the internal iliac artery, the situation

of the aneurismal tumour in front must render

the direct line of incision less convenient than
a lateral one, and by the adoption of the for-

mer there must be incurred a great exposure
of the peritoneum without a commensurate
advantage ; the necessity also of stripping the
membmne from all or a great part ot the front

of the aneurism, incurred by this plan, must
be very objectionable. The length of incision

lecommended by Guthrie is five inches at the
least, and may be required of even greater

extent; thus Mott was obliged to extend it in

his case upward and backward, about half an
inch within the ilium, to eight inches : he
adopted the principle of Cooper, commencing
his first incision " just above the external 3.\Z

dominal ring, and carrying it in a semicircular
direction half an inch above Poiipart's liga-

ment until it terminated a little beyond the
anterior superior spinous process of the ilium,
making it in extent about five inches." It is

likely that a longer incision may be necessary
in this method when applied to the primitive
iliac than in that recommended by Guthrie

;

•the greater length of the external incision is

doubtless an objection of secondary impor-
tance ; but it is probable that, when the pri-

mitive aitery is to be tied, little will be gained
by commencing the incision so low as was
done by Mott, and that it would be more ad-
vantageous to carry it upward rather than
downward ; such apjiears to have been the
design of Crampton in the ojieration per-
formed by him for the ligature of the primitive
iliac, in which the line of incision was curved,
concave toward die umbilicus, and extended
from the anterior extremity of the last rib down-
ward beyond the superior anterior spinous
process of the ilium, and since unnecessary
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division of the abdominal parietes is of course

to be avoided, and the leaving them entire at

the lower part must be attended with two good
results, viz. avoidance of the aneurism and less

subsequent danger of pecuniary protrusion,

I canuot but regard this plan as a desirable

addition to the methods oi proceeding when
the primitive iliac is the vessel to be tied.

In passing the ligature the difference of the

relation between ttie vein and artery of the

opjxjsite sides is to be borne in mind, the

former being external to the artery on the right

and internal on tlie left, on both sides however
being upon a posterior plane.

The obstruction to tlie course of the opera-

tion caused by the protrusion of the viscera is

to be expected ; in that of Mott it is described

as very great, while no mention is made of it

in Crampton's. This ditTerence was probably

the consequence of the difl'erence in the site

of the wounds. Tlie separation of the artery

and vein is more easily effected than in the case

of the external iliacs, because their investment

is less thick and resisting.

The diversity presented by the arteries of

the opposite sides suggests a difference as to

greater practicability and probability of success

on one as compared with the other ; the artery

of the right side being longer than the left

firesents greater room for the application of a
igature at a sufficient distance, whether from

the seat of the disease or from the origin of the

vessel, while that of the left being more per-

pendicular in its course and nearer to the left

side of the body ought to be more easily ex-

posed ; but it is to be recollected that this dis-

position is not uniformly present.

Before undertaking an operation upon any
of the iliac arteries it will be advantageous to

determine, so far as possible, the relation of
the vessel, which is to be the subject of it, to the

superficial points of the abdominal wall. This

must be understood to be intended only as an
approximation, but by attention to the follow-

ing circumstances it will prove sufficiently

close to serve the desired purpose. Tlie mean
point, at which the aorta divides and the pri-

mitive iliac commences, is half an inch below

the umbilicus at its left side, and th.it at which

the external iliac terminates is midway between

the symphysis pubis and the superior anterior

spinous process of the ilium : of course a line

connecting these points will define the general

course of the primitive and external iliac arte-

ries. Tlie length of tlie primitive iliac being

from two to three inches, the extent of its

course may be determined by the subdivision

of this line. The point of demarcation be-

tween the primitive and external iliacs, and

which will serve to mark the origin of the in-

ternal and exltmal, as well as the termination

of the primitive, may be further determined by

a line extending from the crest of the ilium

about one inch and a half behind its anterior

superior spinous process to a similar point on

the other side; such a line will traverse the

sacro-vertebral articulation posterior to the di-

vision of the primitive iliac, and oy its decus-

sauon with that before mentioned will mark
3k
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more particularly llie point of division of tlie

vessel,* which will also corresiiond nearly to the

centre of a line drawn from the anterior superior

spinous process of the ilium tothe umbilicus.f
The practicability and success of these ope-

rations have been so long established that they

do not now require to be insisted upon.
When the external iliac has been tied below

the origin of the epigastric and circumflex ilii

branches, the circulation of the limb is main-
tained through the communications of the

branches of the internal iliac with those of Ihe

femoral, of which the principal have been
ascertained by Sir A. Cooper| to be the gluteal

with the external circumflex, the obturator with
the internal circumflex, and the ischiatic with the

profunda, and through those of the circumflex

iliac with the same. (See Femoral Artery.)
^^ hen the ligature has been applied above the

origin of these branches, the circulation is esta-

blished also through their communications with
the internal iliac, the internal mammary, tlie

inferior intercostal and lumbar arteries.

The ligature of the internal iliac artery can
cause little interruption of the supply of blood
to the parts to which it is distributed ; its com-
munications are so numerous and free, exter-

nally and inferiorly with the external iliac and
femoral arteries ; inward with that of the other
side, and u|)ward with the aorta through the

middle sacral and hemorrhoidal arteries, that

the obstruction of the main trunk can affect it

but little.

When the primitive iliac has been tied the

circulation must be restored by means of the

communication which exists between the arte-

ries of the upper and lower extremities through
the internal mammary and epigastric aiteries,

of that between the aorta and the iliac arteries,

through the intercostal, lumbar, middle sacral,

hemorrhoidal, and the branches of the latter, and
of that between the iliac arteries of both sides.

For Bibliography, see .Anatomy and Artery.

(B. Atcock.)

ARTERIA INNOMINATA, (in human
anatomy) Fr. Tronc bnic/iio-cephalique.

The innoiniuata or brachio-cephalic artery is

situated to the anterior and right side of the

thorax, extending from the arch of the aorta to

the sterno-clavicular articulation.

Of the three large vessels ])roceeding from
the arch of the aorta, the innominata is the

most anterior, the shortest, but of the lai-gest

calibre; it takes its origin at a point corres-

IMnding and very nearly parallel to, the upper
edge of the cartilage of the second rib almost

immediately from that part of the arch of the

aorta where it alters its direction from the right

towards the left side, or rather from the com-
mencement of what is termed the transverse

portion of the arch, and hence the cause of its

being at this point not only to the right side

but also anterior and rather superior to the

oilier two, which arise from the remainder of

' (iullirie.

t Harrison,

t Mcdico-Chiriirgical Transaction.*!, vol, iv.

the transverse division of the arch, the lefl

carotid and suljclavian arteries. It imme-
diately ascends obliquely upwards, outwards,

and very slightly backwards, to opposite the

right sterno-clavicular articulation, where it

divides into the right sub-clavian and carotid

arteries, the latter of which, although the smal-

lest in diameter, appears from direction to be
its continuation. The innominata, therefore,

is but a short trunk, rarely exceeding from an
inch and a half to two inches in length. Ne-
vertheless instances are upon record in which
it has attained above two inches and a half;

but these may be considered more in the light

of anomalies than regular occurrences.

We now proceed to consider the various re-

lations which this vessel bears to the several

important organs in its neighbourhood, and we
shall then the more readily be able to account
for the many distressing symptoms usually

accompanying its enlargement. At its origin,

it lies upon the trachea and at its division cor-

responds, although at a considerable distance,

to the longus colli muscle separated from it by
glands and cellular tissue. Internally, or on
its left side from below upwards, are the com-
mencement of the left carotid artery and the

trachea, the latter, however, lying upon a plane

posterior to the artery, a quantity of cellular

tissue and glands being usually met with

between them. Externally or to its right

the relations are more comi)licated and consist

of parts of very great importance. It is here

connected to the right pleura and the middle
and inferior cardiac branches of the great sym-
pathetic nerve; the internal jugular vein lies

above it and on its right side, whilst the right

brachio-cephalic vein is to its right but some-
what anterior. Behind this vein and crossing

the subclavian artery at right angles very close

to its origin, we find the piieumo-gastric nerve

entering the thorax and giving back its recur-

rent branch which winds round the subclavian

artery; still more externally is the phrenic

nerve conducted into the thorax upon the an-

terior border of the anterior scalenus muscle,
and between the two latter the internal mam-
mary branch of the subclavian artery. The
parts covering the vessel are studied with

greatest advant^e from the integuments back-

wards ; and the best method of eflectitig this is

as follows, as it enables us at the same time to

take a clear view of the attachment of the

various layers of the cervical fascia to the first

bone of the stemuui and the inter-clavicular

ligament.

Having placed the subject with a block

underneath the shoulders, and the head hangint;

dowu, thus drawing the vessel as much a:>

possible out of the thorax, carry an incision

of about five inches upwards, commencing at

the middle of the sternum opposite the carti-

lage of the second rib. Through this incision

carry another of the same length at right angles,

commencing at the left sterno-clavicular arti-

culation, and extending along the right clavicle

as far as its centre. This crucial incision

should merely divide the .skin, the triangular

flaps of which are next to be raised and re-
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fleeted to the right and left, tlius exposing a
layer of fascia separating the skin from the
platisma muscle ; this fascia is tliin externally,

but where it corresponds to the interval between
the two stenio-mastoid muscles it becomes
dense and more or less loaded with fat ; reflect

this fascia and the platisma will next appear,
behind which is that usually described as the
superficial fascia of tlie neck covering tlie

stenio-mastoid muscle, containing the external

jugular vein, and increasing considerably in

density above the sternum, over which it passes
down in front of the pectoral muscles. Like
the previous layer its thickness is augmented
by fat. If this be raised the sterno-mastoid
muscles and the first layer of the deep cervical

&8cia, extending between their two anterior

margins, are brought into view, together with
some small superficial vessels and nerves.

This latter fascia should be carefully examined
above the sternum to the anterior margm of
which it strongly adheres ; it is very dense, so
much so that if we endeavour to force a finger

into the thorax at this point, it effectually resists

our eiibrts. Behind this fascia is a space cor-

responding in depth to the thickness of the
upper edge of the first bone of the sternum,
containing fat and usually a gland, and in ad-
dition a vein rather larger than a crow-quill,

extending across the neck about half an inch
above the sternum; this communicates with a
vein on either side of the neck running down
on the anterior margin of the sterno-mastoid
muscle, and should be carefully avoided by
the surgeon in the operation for tying the in-

nominaia, as it is of sufficient size to cause
embarrassment if wounded. If the fat and
gland be now removed we come down upon
the second layer of tliis fascia, which is also
very dense and adheres to the inter-clavicular

ligament. Having examined these parts and
the triangular space existing between the sternal

and clavicular insertions of the sterno-mastoid
muscles, the sternal insertions of the latter

should be detached and the first bone of the
sternum removed ; this will expose the remains
of the thymus gland and the slemo-hyoid and
thyroid muscles, which bemg cut through and
reflected upwards are found to cover the deep
or third layer of the cervical fascia, which
may be traced from the anterior scalenus
muscle to its union with its fellow of the op-
posite side, binding down the cervical vessels,

&c. Upon removing this fascia we come down
upon the arteria innominata covered by the
following parts ; inferiorly the lef^ brachio-
cephalic vein passes nearly horizontally across

the root of the artery to form the vena cava
superior by uniting with the corresponding
vem of the right side. Although the com-
mencement of the vena cava, strictly s|x?aking,

has a closer relation to the arch of the aorta than
the innominata, it is nevertheless sufficiently

near the latter to render it of considerable im-
portance in o])etations performed upon that

vessel. Superiorly the first or upper cardiac
nerve in its course towards the thorax crosses

the innominata opjxjsite its bifurcation ; we
next observe tlie right inferior thyroid vein,

which, emanating from the lower portion of
the thyroid gland, and having formed with its

fellow of the opposite side the thyroid venous
plexus runs, obliquely downvrards from the

glatid towards the right side directly in front

of the innominata artery, and empties itself

into the vena cava superior between the two
brachio-cephalic veins. The middle thyroid

artery, when it exists, may now be seen ascend-

ing in front of the trachea. These several

objects, viz. the left brachio-cephalic and thy-

roid veins with the cardiac nerve, are all en-

veloped in a quantity of loose cellular tissue

and glands serving to connect them to the

vessel, which may now be fully exposed and
its different relations studied ; when we shall

observe that on its right side there is a space

bounded superiorly by the right subclavian

artery, inferiorly by the left brachio-cephalic

vein, to the right by the right brachio-cephalic

vein, and to the left by the innominata artery

itself; this is the situation where the aneurisraal

needle should be introduced in the operation

for tying this vessel, as we thus run less risk of

wounding the veins.

From the above description it is evident that

the coverings of the innominata may be ar-

ranged into ten layers, which, enumerated from
the surface, consist of

1. The skin. 2. Layer of superficial fascia.

3. Platisma myoides muscle. 4. Superficial

fascia. 5. First bone of the sternum, sternal ex-

tremity of the right clavicle, sterno-mastoid

muscle, with its accompanying vein the stemo
and inter-clavicular ligaments and anterior layer

of deep cervical fascia. 6. Cellular tissue, fat,

containing large vein and a gland ; the second
layer of deej) cervical fascia. 7. Stemo-hyoid
muscle. 8. Sterno-lhyroid muscle. 9. Third
layer of deep cervical fascia. 10. Cellular

tissue containing the first cardiac nerve, right

inferior thyroid, and left brachio-cephalic veins,

glands, &c.
Arrived opposite to the right stemo-clavicu-

lar articulation and to the interval between the

sternal and clavicular insertions of the sterno-

mastoid muscle, the arteria innominata usually

divides into the right carotid and subclavian

arteries. It rarely gives off any branches ante-

cedent to its division, but a small third branch
is frequently observed proceeding from it to

distribute itself in front of the trachea, and ter-

minate in the thyroid gland. Mr. Harrison,

in his work on the Surgical Anatomy of the

Arteries, has named it the " middle thyroid

artery." The French anatomists give M.
Neubauer the credit of discovering it, and
consequently term it " I'artfcre thyroidienne de
Neubauer " It is, however, as frequently given

oft" from the aorta between the arteria inno-

minata and left carotid.

When we consider the relation which the in-

nominata bears to the important organs sur-

rounding it, we can scarcely be at any loss to

account for the apparently remote symptoms
present in aneurism of this vessel ; such, for

instance, as cedema and bUieness of the upper

extremities, head and neck, cough, difficulty

of breathing and swallowing, vertigo, failure

3 K 2
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of sight, &c. Where the tumor extends to-

wards the riglit side it presses upon the right

bracliio-cephalic vein, preventing the return of

blood from tlie right arm and side of the head

and neck ; if upwards in that direction the

carotid and subclavian arteries become im-

plicated, and consequent interruption to tlie

circulation ensues; if forwards, the passage

of blood is stopped through the lelt brachio-

cephalic vein and the inferior thyroid venous

plexus; if to the left, it encroaches upon the

left carotid artery and trachea, whilst by en-

larging backwards it acts immediately upon the

trachea and mediately upon the oesophagus.

Although the above facts are interesting, as

serving to elucidate the various phenomena
occurring in this malady, I fear that we must
not atlach too much importance to them as

means of diagnosis, inasmuch as many, if not

all, of the above symptoms may result from

enlai-yernent of other vessels and other causes,

indeed we have only to turn to the admirable
work of Mr. Allan IJums on the Surgical Ana-
tomy of the Head and Neck, to be at once aware
of the jirobability of deception in this respect.

Aiiomulies,—lliere are perhaps few arteries

in the body which present so many varieties

and anomalies as the innominata, whether stu-

died with respect to its extent, course, situ-

ation, or the number of branches which it gives

oft'. In the lirst place, it is frequently met
with extending up into the neck as high as

the thyroid cartilage before it divides into its

ultimate branches, and sometimes lying in

front of the trachea. It is scarcely necessary

to remark in how great a degree this anomaly
increases the difficulties and dangers attending
the operation of tracheotomy. Secondly, the

most remarkable variety occurring in the course

of this artery is described by M. V'elpeau, who,
in his Elemens de Mcdecine Operatoire, men-
tions three instances in which it passed to the
left side in front of the trachea, and subse-
quently wound from before backwards over
this organ, returning between the oesophagus
and vertebral column, to its usual points of
division opposite the right sterno-clavicular

articulation. Thirdly, the innominata is also
occasionally irregular as to situation. It has
been found arising from the centre of the trans-

verse portion of the arch of the aorta instead

of its comniencenient, and dividing into right
and left carotid arteries, the right subclavian
taking its origin from the .«pot usually occupied
by the innominata. Again, instead of being
placed on the riglit it has been met with given
oH' from the left or posterior part of the arch
dividing into the right and left carotids and left

subclavian, in other instances into left sub-
clavian and left carotid. Cases are also on
record in which the innominata was altou'ether

absent, the right carotid and subclavian arte-

ries arising directly from the arch of the aorta.

Pourlhly, it is frequently anomalous in the
number of branches ii gives off. Occasionally
the left carotid arises from it in addition to its

u.'^ual br.mches, sometimes it divides into the
two carotids instead of the subclavian and
carotid ; and 'I'iedeinann mentions an iii.stance

where it gave off the right internal mam-
mary.

'Die considerations of the functions, size, and
situation of the innominata,as well as its relations

not only to the heart and aorta but also to the

surrounding parts,atall times rendered the study

of this vessel a subject of interest and impor-

tance in the eyes of the operative surgeon; but

it is comparatively of later years since Mr.
Allan Burns first directed the attention of the

profession to the fact that circulation through

this vessel might be suddenly arrested without

the functions of tlie brain, and power of the

superior extremity being of necessity de-

stroyed, that surgeons have been found bold

enough to attempt placing a ligature upon it.

There are three cases upon record in which a
ligature has been placed upon the trunk of the

innominata itself. The first operation was per-

formed by Professor Mott, of New York, on
the 11th of May, 1818. The patient died on
the 26th day after the operation from repeated

hemorrhage resulting from ulceration and yield-

ing of the vessel.

The second was by Professor Gmeff on the

5th of March, 1829. The patient died on the

sixty-seventh day after the operation from re-

peated hemorrhage.

The third was by Mr. Lizars at the Edin-
burgh lloyal Infirmary, on the 31st of May,
1837. The patient died on the twenty-first day
after the ojjeration, likewise from hemorrhage.

This artery was likewise tied by Mr. liland on
the 25th March, 1 832. The patient d led on the

t3th of April, three weeks after the operation.

The following are the steps of the operation.

The patient being placed in the horizontal po-

sition with the shoulders raised and the head

thrown back, make an incision of about two

inches upwards along the anterior margin of

the steino-cleido-mastoid muscle of the right

side, commencing at the upper edge of the

sternum : from the inferior extremity of this

carry another of similar extent outwards upon
the right clavicle; these should divide the skin

and subcutaneous tissue : next dissect this flap

from below upwards and reflect it, exposing the

platisma muscle ; cut through this muscle and
the superficial fascia beneath it, and then care-

fully detach the sternal insertion of the sterno-

mastoid musc'e and anterior layer of deep
fascia, and should there not be sutticieiit space

a portion of the clavicular fibres of the muscle.

Having proceeded thus far, cut through tlie

second layer of deep fascia, avoiding the vein

already described as crossing this spare, and

subsequently divide the sterno-hyoid and thy-

roid muscles upon a director; this will expose

the third layer of deep fascia covering the

vessel ; a portion of this should be pinched up
by forci'ps and an openins; veiy cautiously

made in it, after which, with the handle of a

scalpel, clear the artery of its surrounding cel-

lular tissue, draw the thyroid veins to the left

side, the right piieumo-gastric nerve and in-

ternal jugular vein to the right, and pressing

the left brachio-cephalic vein downwards, carry

the litrature obliquely upwards and inwards,

or from the right to the left side, keeping it
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dose to tiie vessel to avoid implicating the

cardiac nerves.

(Jtlior |)lans of operation have been recom-
mended, but llie above appears to me to be the

bi'st, as it ttives the surgeon room and oppor-
tunity to mm the state of jwrls tlirough which
he cuts, and enables liim, if necessary, to tie

eitlier the subclavian or carotid, or both, with-

out further trouble or inconvenience.

It has been recommended to remove a por-

tion of the first bone of the sternum ; but the

idea will scarcely be entertained by any sur-

geon jwssessing a proper knowledge of the parts,

or who is comiwtent to perform the operation.

In die year 1827 Mr. Wardrop introduced

a new method for treating aneurisms of the

innominata in imitation of Brasdor's plan of

tying ihe vessel beyond the aneurisraal tumour.

He tied the subclavian artery, having found that

the circulation through the carotid was very

weak if not quite obliterated.

The patient was a Mrs. Denmark. The
results of this case have been recorded as fa-

vourable, but erroneously so. Mrs. Denmark
died in the year 1829 of the same malady on
account of which she underwent the operation.

Altogether his example has been followed in

six cases, with various results.

In the first, Mr. £vans, of Belper in Derby-
shire, in the year 1828, tied the carotid for

aneurism of the innominata and commence-
ment of the carotid. The jwtient recoveied.

In the second, M. Dupuytren, on the 12th

of June, 1829, tied the subclavian for aneu-

rism of the innominata. The patient died nine

days afterwards.

Ill the third, Professor Mott tied the carotid

for aneurism of the innominata on the 26th of

September, 1829. The patient recovered.

In the fourth. Dr. Hall, of Baltimore, tied

the carotid for aneurism of the innominata on
the 7th of September, 1830. The patient died

five days afterwai-ds.

In the fifth, M. Morrisson, of Buenos Ayres,

tied the common carotid for aneurism of the

innominata on the 8Ui of November, 1832.

The patient died twenty months afterwards.

In the last, Mr. Fearn, of Derby, tied the

carotid for tlie same complaint in the year 1836,
the circulation through the subclavian being

almost obliterated. Subsequent to the ope-
ration the patient suffered from repeated at-

tacks of bronchitis, with difficulty of breath-

ing and cough upon the .slightest exertion,

so much so that on the 26th of July, 1838,
she was again placed under Mr. Fearn's care.

That gentleman concluding, after a careful ex-

amination, that, in consequence of Uie circu-

lation having been renewed through the sub-

clavian artery, the previous operation had not

cured the aneurism (which he now found im-
plicated the commencement of the subclavian

artery) determined upon placing a ligature

ujion this vessel where it passes over the first

rib, and ])erfornied the operation on the 2d of

August, 1 838, apparently with complete success.

Here then are the results of the two plans

of oiicmtion hitherto performed in connection

with the innominata. In Hunter's all the px-

tients were lost from repeated hemorrhage,

although, as »e have seen in one instance, the

individual survived the o|)eratioii above two
months. Mr. I'attison, in his account of Mr.
Mott's case, appears to attribute the loss of the

patient to the fact of that gentleman's having

commenced by exposing the subclavian artery,

thereby depriving the vesisel of nourishment
by the uniiecess;iry destruction of the vasa

vasorum ; this might in some degree have led

to the result ; but I am more inclined to be-

lieve that it occurred from other causes over

which the sunjeon unfortunately has no con-

troul, I allude to the situation, origin, and diiec-

tion of the vessel itself We have already ob-
served that it arises from the commencement of
the transverse portion of the arch of the aorta,

and is consequently in a direct line with theaorto-

ventricular ojjening, being in point of direction

the continuation of the ascending portion of the

arch of the aorta. It thus receives the undi-

minished impetus bestowed u|K>u the blood by
the contraction of the ventricle at a distance,

barely of three inches ; hence, when a ligature

is placed upon it, the force of the ventricle is

directed more immediately upon this part of

the artery, a coagulura can scarcely, if at all,

be formed here, and the ligature being subjected

to the constant efforts of the blood to overcome
it, instead of ulcerating its way out, cleanly di-

viding the vessels, produces inflammation and
ulceration in its neighbourhood by constant

friction, and thus gives rise to the fatal results.

If I have here taken a correct view of the

causes which have led to the fatal termination

in all the rases where Hunter's method has

been adopted, (and I have no reason to doubt
having done so, as we learn from tlie accounts

of the post-mortem examinations both in Mott's

and Lizars' cases, that the coagulum was very

imperfectly formed, and that extensive ulcera-

tion of the vessel had ensued in the neighbour-

hood of the ligature,) I am quite justified in

adding that it is an operation which should

never be performed unless in those cases where
it presents the only chance of lengthening the

patient's existence.

This remark, however, does not apply to the

plan introduced by Mr. Wardrop in imitation

of Brasdor. Out of the seven cases in which
it has hitherto been employed, and which I have

here cited, three were successful, and of the

other four one lived for a period of twenty

months, and another (Mrs. Denmark) for about

two years after Ihe oi)eration.

(H. Hancock.)

INSECTA.—/irTOfta; Fr. Jnsccte; Germ.
Inscctcn.) A class of Invertebrate animals,

which, as constituted by Linnasus, formerly

included several remarkable groups, which
are now arranged as distinct classes. Besides

the true Insecta tliese were Crustacea, Arach-

nida, and Myriapoda. Modern naturalists

have been almost unanimous in sepamting

these groups from Insects, which, in their per-

fect state, differ from them in being constantly

Hexa])ods. Besides this very marked character.

Insects differ from Crustacea in respiring aliuo-
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spheric air by means of ramified tracheae—from
Ardchnida in the body being constantly divided

into a distinct head, tlionix, and abdomen

—

and from Myriapoda, in the body being com-
posed in general of thirteen segments.

Insects, therefore, may be characterized as

a class of hexapodous invertebrate animals,

which possess antenna;, and have the body com-
posed of several segments, united into three

and sometimes four distinct parts, articulated

together, consisting of head, thorax, and abdo-
men. They breathe atmospheric air by means
of lateral spiracles and tracheEe> and pass through
a succession of changes of form, or shed their

external covering before they arrive at their

perfect state. They also possess other charac-

ters in common with the Myriapods and Arach-
nidans, as the circulation of the nutritive fluids

by means of a pulsatory dorsal vessel, divided
into distinct chambers or compartments, and
the respiration of atmospheric air by means of
spiracular orifices, and with the Crustaceans in

being in general oviparous.

Anatomically considered, Insects, as re-

marked by Professors Grant* and Owen,t bear
a remarkable analogy amongst invertebrated

animals to Birds amongst the vertebrated. They
constitute the most beautiful, most active, and
most highly organized of any of the Inverte-

brated classes. Like Birds, they are inhabi-
tants of the air, the earth, and the waters, and
the dominion of some of them is even extended
to the bodies of other animals. Physiologically

considered, they also resemble " the feathered

tribes of air." Like them they have a more
voluminous and extensive respiration, and a
greater power of generating and of maintaining
a higher temperature of body than any other

class in the division of animals to which they
respectively belong. The number of species
is greater than is known in any other division

of the animal kingdom, and is only exceeded,
as in Fishes, by the almost countless myriads
of individuals which every species produces.
The metamorphoses which most of them under-
go before they arrive at the perfect state, and
are able to fulfil all the ends of their existence,
are more curious and striking than in any other
class, and in the greater number of species the
game individual difl'ers so materially at its dif-

ferent periods of life, both in its internal as
well as external conformation, in its habits,
locality, and kind of food, that it becomes one
of the most interesting investigations of the
physiologist to ascertain the manner in which
these changes are effected,—to trace the suc-
cessive steps by which that despised and almost
unnoticed larva that but a few days before was
grovelling on the earth, with its internal organi-
zation fitted only for tlie reception and assimila-

tion of the grossest vegetable matter, has had
the whole of its external form so completely
changed as now to have become an object of
admiration and delight, and able to " spurn
the dull earth" and wing its way into tlie open
atmosphere, with its internal parts adapted only

* Lpcturrs on Comp. Anatomy, Lancet, 1833-34.
t See AVESj vol. i. p. 246.

for the reception of the purest and most con-

centrated aliment, now rendered absolutely

necessary for the support and renovation of its

redoubled energies. But this condition of

insect life is greatly modified in the different

families. Thus the most active species are

diurnal insects, and are those which have the

greatest development of the organs of locomo-

tion, accompanied, as in birds of flight, by a

more voluminous respiration, and a greater

force and rapidity of circulation, and consequent

muscular energy and necessity for a constant

supply of food, as is well exemplified in the

hive-bee and its affinities. But although many
species are furnished with wings tor flight, tliese

organs are not universally met with in the

species of every order, neither are they con-

stant in the two sexes of the same species. In .

these instances it is always the male individual

that is furnished with them. These exceptions

occur among the beetles, as in the glow-worm
(Lampyris, Jig. 335 & 336), in the BUitta

or cock-roaches (Jig. 343), iti some species of

of moths ( Bomtij/cida), and in the plant-lice

(Aphides), while in other species, the ants, the

individuals are furnished with wings only at a
particular season of the year, and lose them
immediately after the fulfilment of certain

natural functions. In each of these instances,

as noticed by Mr. Owen* in the ostrich and
other birds unaccustomed to flight, the extent

to which the respiratory organs are developed is

in proportion to the habits of the species, being

greatest in those of flight and least in those

which reside constantly on the ground. Indeed,

so varied are the forms, so dift'erent the habits

and modes of life, that the division of Insects

into families and tribes has afforded no small

amount of difficulty to the scientific naturalist

in arranging them according to their most natu-

ral aflinities, and hence a great variety of sys-

tems have been proposed for this purpose, all

of which perhaps are open to many objections.

But it is not in tlie mere division of Insects

into families and tribes that the philosophic

naturalist meets with the greatest difficulty, but

in assigning the situation which the whole
class ought to occupy in the animal kingdom,

both in regard to Insects themselves, and in

their relations to other animals. Whether
naturalists adopt as the basis of arrangement

the development and perfection of the nervous

system or that of the skeleton, with the organs

of circulation and digestion, as compared with

similar parts in other classes, they have usually

been led to admit that while Insects are su[)erior

to many groups, which have been placed above
them, ill the former respects, they are inferior to

them in the latter; and hence, although that

portion of the animal body which is so all-

important to active existence, the nervous

system, is employed without hesitation as the

fundamentnl type and principle of arrangement,

and in the vertebrated classes is scarcely ever

departed from, it has become in the hands of

many naturalists only of secondary importance

in the invertebrated, and the greater perfection

• See AVES, vol. i. p. 341.



of the circulatory and digestive organs in the

molluscous classes has induced them to place

these, whieli in other respects are inferior

in development, above the Articulated. We
cannot, however, agree with those who consider

the organs of nutrition alone of sufficient im-
portance to allow of this deviation from the

fundametital principle of arrangement, neither

can we admit with others that the nervous

system of the higher Articulata is inferior to

that of the higher MoUusks, the Cephalopoda,
while we ourselves claim for the higiier Articu-

lata the most decided superiority in the next

essential character of arrangement—the deve-

lopment of the skeleton and organs of locomo-
tion.

Without entering further upon this difficult

subject, we will simply state our conviction

with Carus, Burmeister, and others, that the

articulated ought to stand at the head of the

invertebrated classes, seeing that they contain

among them some of the most completely

organized of invertebrated animals. We shall

reserve for the present our explanation of the

steps by which we propose to pass from the

lowest vertebrated forms to these, in our esti-

mation, tlie highest of the invertebrated, and
proceed to consider the arrangement of Insects,

as a class, as proposed by diflletent naturalists,

before we enter upon an examination of the

peculiarities of these animals.

Tlie principles upon which naturalists have

attempted to arrange this interesting class have
been almost as various as the systems proposed.

Aristotle among the ancients arranged Insects

with reference to the presence or absence of

the organs of flight ; and although he was far

more successful than many of his successors in

separating from Insects the Crustacea, as a dis-

tinct class, his arrangement of Insects is not

entirely natural, since it separates some of the

most nearly connected families. Among the

moderns, Aldrovandus, in the beginning of the

seventeenth century, divided them into land and
water Insects, and subdivided these groups into

families according to the structure of^ tlieir

wings and legs. Swammerdam many years

afterwards first proposed to arrange Insects

with reference to their metamorphoses ; first,

those which undergo only a partial or incom-
plete metamorphosis, and, secondly, those which
undergo a true or complete one. The latter he

again divided into those which undergo a slight

change of form, but are active during the pupa
state ; secondly, those which have distinct limbs

but are inactive in that condition ; and, lastly,

those which have no external development of

wings or legs, but remain as inactive ovate

pupse. This was the first step towards arranging

Insects U|)On a truly natural system ; since, as

Messrs. Kirby and Spence have justly ob-

served,* although the employment of the meta-

morphoses taken alone leads to an artificial

arrangement, it is of the greatest use in con-

nexion witli characters taken from the perfect

Insect, in forming a natural system. Our
illustrious countryman Kay, in the beginning

* lotrod. to Entomol. vol. iv.

INSECTA. 855

of the eighteenth century, followed the example
of Swammerdam in arranging Insects primarily

according to their metamorphoses ; and Lister,

in 1710, followed with a modification of Ray's
classification, after which nothing further was
proposed until Linnceus published the first edi-

tion ofhisSystemaNatursin 1735. Uisarrange-

ment was based upon the form and structure of
the wings. By these he divided Insects into three

groups. First, those with^uur wings, in which
he included in three divisions those Insects

which now constitute his orders Coleoptera,

liemiptera, Lepidoptera, Neuroptera, ana Ily-

menoptera. In the second group he placed

Insects with two wings, his single order Dip-
tera; and in the third. Insects without wings,

his order Aptera. In this arrangement, founded
partly upon that of Aristotle, Linnaeus was
particularly successful in establishing some very

natural series, although in including the Crus-
tacea among his Aptera, like Swammerdam
and Ray, he receded a little from a natural

system. After Linnxus, Degeer and Geoffroy

each proposed a new arrangement, but it was
not until an entirely new set of organs had
been selected by Fabricius that Insects began
to be arranged upon truly natural principles.

The parts from which Fabricius drew his cha-
racters were those of the mouth, by which he
divided Insects primarily into two sections, the

MandibulaUd, or those furnished with jaws for

comminuting their food, and the Haustetlated,

or those which take their aliment by means of

a flexible elongated proboscis, without distinct

manducatory organs. But the difficulty of
forming a strictly natural system still existed,

so long as the characters employed were derived

only from particular sets of organs, and not

from a consideration of the whole. Cuvier, by
founding his arrangement upon an examination
of aU tlie external organs, and thereby establish-

ing natural families, advanced very far towards

the object desired, and was followed by La-
treille, Lamarck, Dumeril, Leach, Kirby and
Spence, and MacLeay, who continued to im-
prove the arrangement of the class. These have

been followed by Messrs. Stephens and Curtis,

and very recently by Mr. Westwood, the inde-

fatigable Secretary of the Entomological Society,

each of whom has proposed a different arrange-

ment. But none of the systems hitlierto pro-

posed are entirely satisfactory, so great indeed

IS the difficulty of discovering the connecting

links of families, which, distributed over the

whole globe, are believed to include horn

100,000 to 150,000 distinct species; and this

difficulty will probably continue until the in-

ternal as well as the external organization is

better known in a greater number of insects

than it is at present, and applied to their

arrangement, as has lately been done by Bur-

meister. In the succeeding pages we shall

adopt the arrangement of Mr. Stephens, giving

a synoptical view of the families, with the

addition of some of the recently established

foreign ones, and shall also add particular

descriptions of some of the most remarkable,

referring our readers for more minute descrip-

. 442. tioDS of them to Mr. Stephens's admirable
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" Illustrations," and also to the valuable work
" An Introduction to the Modern Classitica-

tion of Insects," now in course of publication

by Mr. Westwood, from which work we shalf

in part derive the characters by which the

different tribes are distinj^uislied.

COLEOPTERA.

Table of the Arrangement of Insects according to the System of Mr. Stephens.

Class INSECTA.
Sub-Class I.

MANDIBULATA.
Cicindelidae Tiger-beetles.

Bracliinidae

Scaritida;

Pentamera.

Tribe 1.

Adei)haga.

( G luttons.)

Peotamera.

i Carabidie, /g. 329, C round-beetlet.

Sub-tribe 1.

Geodephaga.
Predaceous

, jjarpalida^
ground-feeders. 3^,^1,1^;;^^

(_Elaphridee

Sub-tribe 2. -^

llydradephaga. f Diticidae Waler-heetles.

Predaceous jGyrinida; Whirlgigs.

water-feeders, j

Tribe 2.

Rypophaga.

(Cleansers.)

Sub-tribe 3.

Phylhydrida.

Water-lovers.

Sub-tribe 4.

Necrophaga.

Carrion-feeders.

Helocera 1.

Lainellicomes 2.

HeteroceridsE

Pamiida;

Limniidae

^ Helophoridse

Hydrophilidse,/^. 330, Water-beetles.

SphseridiidiE

Anisotomida;

'Scaphidida;

Silphida;, _^g. 331, Carrion-beetles.

Nitidulidje

Engidae

Paussidae, West.

_Dermestidae

( Byrrhidae Sand-beetles.

i Histeridae Dung-beetles.

Lucanidae Stag-beetles.

Scarabaeidae

GeoUupidas, Jig. 332, Dung-beetles.

Aphodiida;

Trogidae

Dynaslidae,^.333,KAinoceros-6eeite.

llutelidae

Anaplognathidse

Melolonthidae Cockchaffers.

GlaphyndED

Cetoniadac Sun-beetles.

., . • iir . i Buprestida; Gold-beaters.
Macrosterni, West. \ t.-..!, ;,i~, n/„...

Sternoxi. Lat.

(pointed sternum). }

>Eucnemida;, West

\ Elateridae,/g.334, Springing beetles.

Sub-sectio 4.

Aprosterni, West.

Malacodermi,
(soft skin.)

("Cebrionida:

' Cyplionidic

Liunpyrida\/fgs.335& Zi&Gloiw-worms
I Telephorida;

Melyrida:

Tillida;

Ptinidae

Lymexylonida!
Bostricida;

Scolytidae

Death-watches.

Wood-borers.
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Wat.
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Illiinchophora 1.

Longicornes. Sub-sectio 2.

857

Phytopliaga,

KiRBY.
I

COLEOPTER

Pscudo-trimera,

Wat. ^
iera,=

(

Iletero-mera. '§-4

s<
I

Brachelytra.

DERUAI-TEnA.

Ortiioptera.

r Curculionidic fig. 337 Hog-bntUt.
< Altelalmla', Went.

(.Salpiiigda;

S('uciiji(la!
Prk)iiida;_//^'. 338 Goul-bcctUt.
CiTambycidx-

Lepturida:

Eupoda 1. Criocerida>

C Galerucidffi

Cyclica 2. < Clirysomelidicjf^. 339
(. Cassidae Htlmet-btctlti.

rCoccinellida; Laili/-Cov!t.

Trimeri 3. < Endomychids
Cllispidie

"Tenebrionida

Blapsidaj^ig. 340
Pimelidaj

Helopida:

Lagnids, West.

Melandryidie

•^ Horiidx, West.

MordellidiE

CEdemeridx
Pyrochroida

Cantharidx Oil-beetles.

Notoxidffi

_Scydma;nids

'Pselaphidse '\

Tacliyporidae I

Staphylinids Jig. 341 >Rove-bectUf.
Stenidx

|

Omalidffi J

Furficulids Earwigs.

fGryllidae Grasshoppers.

iLocustidae L(Kusts.

Achetida; Jig. 342 Crickets.

Phasmadse

Alantidx, Praying Insects.

_Blattids Jig. 343 Cock-roachct.

Nevhopteba

{

NeI'KOPIERA. <

Panorpina 1.

Anisoptera 2.

Libellulina 3.

Temitina 4.

Megaluptera 5.

Tricuoi'teka.

( Borpidse

(Panorpida fg. 344 Scorpion-Aiei.

Ephemerida ^. 345 May.Jlies.

( Agnonida
i| Libellulida, Dragon-Jlies.

'Myrmeleonida Liun-ants.

I lemerobida

Psocida
llaphidiida

Mantispida, West.

_Teiinelida, While Ants.

i Sialida

i| Perlida

( Philopotamida

? Leptoceridtt

I. Plirygauida Caddis-Jlia.
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HVMENOPTERA. •<

llyMENOPIERA.

Stbepsiftera.

DiPTERA.

Terebrantia 1.

Pupophaga 2.

Aculeata 3.

I
Tubulifera 4.

r Tenthredinida/g. 355 B. Saw-Jlics.

< XiphyUriidiE

C Uroceridse

/ Evaniidie

\ Ichneumonidae Ichneumon-flies.

\ Braconidae

VAlysiid*

Formicidae Anls.

Mutillidae

Scoliidae

Sapygidae

Pompilidae Sand-wasps.

Sphecidae

]
Larridae

i Bembecidae

Crabronidae

Vespidae jig. 346 Hornets Sf Wasps.

Apidae JBees.

"Andreoidae Sand-bees.

r Chrysididae Golden wasps.

) Chalcididae

J Proctotrupidae

CCynipidae GalLflies.

Lepidoptera. >

Stylopidae fg. 347

Sub-Class 2.

HAUSTELLATA.

r Papilionidee

Diurna 1.

SPapilionidee
%

^y^phfi'^lButlerflie,.
Lycemdae »

•'

Hesperiidae '

Crepuscularia 2.

Pomeridiana 3.

Nocturna 4.

Semidiurna 5.

Vespertina 6.

i

Moths.

SZygaenidse "j

Splungids/g. 348
^ jj„^k_^,ths.

Sesiida;

iEgeriidae

SHepialidae
Notodontidae

Bombycidae
Arctiidae

( Lilhosiidae

1( Noctuidae

C Gcometridae

^ Platyptericidae

(. Pyralidae

I

STortricidae
Ypuonomeutidae
Tineidae

Alucitidae

Culicidae Gnats.

Tipulidae Long-legs.

Asilids fig. 349
Empidae
Dolichopidae

Rhagionids
Mydasidae

Tabanida; Blood-suckers.

^Bombylida;
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homaloptera.

Apuanipteba.

Aptera.

Hemiptera. <

Terrestria I.

^Aquatica 2.

HOMOPTERA.
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Antbracidz

Acrocerida;

Strdtlomydae

Xylopliat;idx

Syrphide
Stomoxydx
Coiiopida:

(EstndiE Gad-fiies.

_Muscidx House-flies, Ifc.

S Hippoboscidx- Jig. 350 Forat-fliet,

\ Nycteribida;

Pulicidx Fkat.

\ Pediculidx, Lice.

\ Nirmidi/g. 351 Bird-lice,

f>Ciinicidx Bugs.

Penlatoroidx

Coreidffi

Keduviids Masked bugs.

Acauthiidx
^Hydrometridae Skip-jacks.

1 Nepide
flg.

352 Water-scorpions.

I
Notonectidtc Waler-boalmen.

-Cicadiidx
_fig. 353 Tree-hoppers.

Cercopidffi

Psyllidae

Thripidae

Aphids Ptant-lice.

^Coccide

Class Insecta, (Insects.)

Animal Invertebrated, hexapodous, under-
goes metamorphoses.

Bodyin general winged, and composed of seg-

ments divided into three distinct regions.

Skeleton external, formed of the dermal co-

verings.

iln(enn/7 two, respiration aerial, sexes distinct.

Sub-class 1. MANDIBt;LATA.

Order I. COLEOPTERA.
Wings four, anterior ones (elytra) hard, co-

riaceous, covering the abdomen, divided by a
longitudinal suture, not employed in flight;

posterior ones usually jointeJ, with their apes
acute. Metamorphosis complete.

The Beetles constitute by far the most nti-

merous and varied tribes in any order, and
differ as much in habits and size as in general

form. Tliey include every variety of confor-

mation and bulk from the minute but rapa-
cious Staphylinidte, to the gigantic phytopha-
gous Di/nastidte and Cctoniidte. So numerous
arc the sixjcies that, according to Burmeister,*
there are 28,000 in the Berlin collection alone,

while the whole that is known is supposed to

exceed 36,000. In Mr. Stephens's arrange-
ment tliey have been divided into families

which amount to more than one-third of the
whole class, and these families are grouped
into six sections. The first section includes
most of the predaceous beetles, and is divided

* Muaal of Entomology (TratuUtion), p. 583.

into two tribes, Adephaga and Rliypophaga,

and these are divided into four sub-tribes.

Tlie first sub-tribe, Geodephaga, includes the

predaceous Ground-beetles, which are clia-

racterized by the elegance of their form and
alacrity of their movements. They have six

projecting palpi,* their mandibles are strong,

curved, and pointed, and their legs slender

and formed for running, (flg. 329.) Some of

Fig. 329.

Carabiu numilu, ( Ground-beelk, male.)

* The third pair of palpi are maxillary, and am
the analn;;ue> of what we (ball hereafter dcKribe
aa the Gaka.
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this division, the Cicindelida, are extremely

voracious, and most of tliem feed upon dead
animal substances, allhougli some of the Hur-
putidtc are known to be vegetable feeders.

The second sub-tribe, Hi/drudephaga, includes

the predaceous water-beetles, and the third,

P/iilhydrida, a variety of families allied to

each other by similarity in general structure,

by inhabiting water or damp situations, and by
subsisting upon decaying animal and vegetable

substances, fungi, &c. Amongst the aquatic

species is one of the largest British beetles,

Hydrous piceus (Jig. 330).

Fis. 330.

and voracious. The fourth sub-tribe, Necro-

p/wga, includes the carrion and burying-beelles

(Jig. 331), so called from their habit of bury-

ing small dead animals in the ground, by

digging away the earth from beneath them,

and thus allowing them to sink down, and
then depositing their eggs in the bodies. The
genera of this division difTer considerably from
each other, but may be characterized as in

general possessing abruptly clavated antenna;,

an oval or oblong body, with the elytra often

truncated, and the legs strong and formed for

running.

The second section is also divided into four

tribes, which include insects of different habits

and conformation.

In the first tribe, Heloceru, the insects are

of an oval shape, and have the antenna; geni-

culated, and terminated by an oval club.

Their legs are flattened, broad, and formed for

burrowing, and are terminated by very minute

tarsi. Their bodies are exceedingly hard ; they

feed upon decaying animal matter, and when
touched simulate the appearance of death.

The second tribe, Lamellicomes, are a very

natural group. They are distinguished by the

club of the antennae being divided into plates

or lamellae. Their legs are thick, strong, and

deeply notched, and the tarsi of the anterior

pair in some families are very minute. They
are either stercoraceous or vegetable feeders,

subsisting, like the common dung-beetle, Geo-

trupes stercoraritts* (Jig. 332), upon decora-

Fig. 332.

Hi/droui piceui, (Great uxUer-beette, mate.")

All the water-beetles are characterized by their

four posterior legs being formed peculiarly for

swimming; they are ciliated along the tarsal

joints, the last of which is furnished with a
very minute claw. The insects of the third

sub-tribe, the predaceous water-beetles, Di/ti-

cidie,aTe distinguished from those of the second
by the latter having long and slender instead

of clavated antenna, and by their possessing
six instead of only Jour palpi. The males of
both sub-tribes have one or more joints of their

anterior tarsi (fg. 330, A.) very much dilated,

by means of which they attach themselves

strongly to the females. Their larvE are active

Fig. 331.

Necrophonu vetpillo, (Bwt/ing-beetk).

Geotrupet ttercorarhu, (Dung-beetle).

posing vegetable substances, or like the chaffer-

beetles, MeloUmtliidte, upon the foliage of

shrubs or trees, or like the Dynastidie^

• This drawing is of & specimen captnred by the

wriier of the present article in the summer of 1829,

and atfords a curious instance of malformation of

the anterior extremities with the tibiie lunated and
ncuminated, without dentations, the tarsi entirely

wanting. It is now in the cabinet of the Rev. F.

W. Hope.

t It is asserted that the Dyiuutes Uercuki grasps
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(fig. 33.1) upon the sap that flows from the

wounded bark or roots.

Fig. 333.

Tlie t)iird tribe, Macrottemi, Westw. in-

cludes a family of insects, Elaterida, (fig. 334),

Tip. 334.

Dynaitet Herculei.

, the epicranium ; b, tbeclypeus; c^ labram; d,

inandibleit ^ «, maxilla and palpi ; /. labial patpi

;

g, antennae; A. the eye; i. protborax and horn;
A, scMtelltim ; I, elytra ; m, abdomen; n, femur;
0, tibia

; p, the tarsut
; q, unguis.

SUit*rnoctUucut.(aKk beetle. female.) Wal-Indim
Jire-beelUs,

or springing-beetles, which are commonly
known in their state of larvte, as the wire-worm,
and are often exceedingly injurious to meadows
and corn-fields. In some counties many acres

of meadow-land have occasionally been de-
stroyed by these insects attacking the roots of
the grass, which then quickly perishes.* They
are characterized in their perfect state by having
an elongated body, with the head sunk deeply
into a notch in the prothotax ; by their f.ui-shaped

or serrated antenntp, and by a long spine or pro-

cess directed backwards from the pro-sternum or

under-surface of the prothorax, and received

into a groove in the meso-sternum. By means
of this spine they are enabled, on bending the

body and then suddenly retracting it, to spring

to a considerable distance. From this act they
have derived their name. Some species of the

family are remarkable fur shining brilliantly at

night, and are the noted fire- flies of the West
Indies.

In the fourth tribe, Aproslemi, Westw.,
there are insects equally curious and destruc-

tive as in the preceding. The true Aprostemi
are distinguished chiefly by their soft flexible

elytra, by an entire absence of any process

from the sternal surface of the prothorax, and
by the dilatation of the maigins of the pro-

thc branch of a tree between its frontal (a) and
thoracic horn (i), and then whirls itself round to

cut through the bark and occasion a flow of sap,
upon which the insect is said to subsist. Impro-
bable as the statement appears, from the circum-
stance that the thoracic horn is wanting in the
female, we were once assured of its correctness,

by a gentleman who affirmed to us he had witnessed
the fact. A similar act is attributed to the male
stag-beetle, Lucanut cervta, which is furnished with
mandibles nearly half the length of its whole body,
while in the female they arc not larger than in other
insects of the same size.

• The Rev. F. W. Hope has ascertained that the
larvx of this family were exceedingly destructive

to the potato crops in the West of England during
the summer of 1838, an account of which was
read at the meeting of the Entomological Society«
April 1st, 1839.
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thorax, which anteriorly covers the base of the

head. Some exceptions exist to these charac-

ters in the liostrkidie and tlieir congeners,

which ought perhaps to be removed to another

tribe. In the Lampyridie (glow-worms), (figs.

335 and 336), there is an example of a circum-

Fig. 336.

Tig. 337.

Male, Female.

Lampyria nociilttcaf (Glow-worm),

Stance not uncommon among insects, the pos-

session of wings by the male sex and their

entire absence in the female. The Ptinidte or

death-watches, and other Xylophagous insects

of this tribe, although small, are exceedini>ly

destructive to furniture and the wood of houses;

and the Bostricidte and Scaly ticUc to living trees.

It is an insect of this family, Scolytm de-

structor, that of late years has occasioned in-

calculable mischief to the elms in St. James's

Park and Kensington Gardens, and in the

park at Brussels. So lately as the summer of

1836 nearly eighty tine elms were cut down at

the latter place and its neighbourhood, in con-

sequence of decay occasioned by this pest.*

Another species S. pi/gmaus, which attacks

the oak, has destroyed many thousands of

young trees in the Bois de Vincennes.\ Ano-
ther genus, Tomicus typographns, was so de-

structive in the Hartz Forest in Germany du-
ring a series of years from the beginning of the

last century to 1783, that the number of trees

destroyed by it in tliat forest alone was calcu-

lated at a million and a halft
In the third section, Pseudo-tetramera,

Westw., the species have one false and four dis-

tinct tarsal joints to their legs, with pulvilli or

hairy cushion on their under surface, and the

ante-penultimate joint is bilobed and broader

than the others. The section is divided into two
tribes.

In the first tribe, Rhynchoplwra, (fig. 337),
the head is elongated in the form of a snout or

rostrum, at the extremity of which is the mouth,
and at the sides are inserted the antennae which
are usually geniculated and club-shaped. The
larvae of these insects are generally apodal,

and many species are exceedingly injurious to

the blossoms of the apple, pear, and other

fruit-trees. Both the larva and perfect indi-

vidual of one minute species, well known as

the " weevil," Calandra granarui, closely al-

lied to fig. 337, occasion immense losses in

the storehouses of the factor by attacking and
destroying his corn. The parent insect not

* Trans. Ent. Society, vol. ii. p. xvi.

t Annal. Soc. Ent. France. 1836, pp. xvi. and
XXX. 1837, p. iv.

X Latreille, Hist. Nat. torn. ii. Gmelin, Ab-
hand, iiber die Wurmtroekniss. Lcipz. 1787. West-
wood, Introduction, &c. vol, i, p. 362.

^»^

Calandra UmgipeSf ittale,

only feeds upon the corn itself, but deposits a

single egg in every grain, and the larva when
hatched devours the whole excepting the husk.

The second tribe, Longiconies, (fig. 338),

Fig. 338.

Cerambyx latipei,

are known chiefly by the great length of the

antennse, which usually exceeds that of the

whole body. Their mandibles are strong and

pointed ; the body elongated and depressed
;

and the prothorax, which is often tuberculated

or spined, is narrower than the abdomen.

Their larvae are short, thick, and apodal, and

are furnished with strong mandibles, and live

beneath the bark or in the wood of trees.

The third tribe, Phytophaga, Kirbv, is also

composed of pseudo-tetramerous insects, with

pulvilli on their tarsi, and is divided into two

sub-tribes. In the first, Eupoda, the body is

of an elongated oval form, the head is sunk

deeply into a narrow prothorax, and the thighs

of the posterior legs are greatly enlarged. In

the second sub-tribe, Cyclicu, the body is of a

rounded or oblong oval (fig. 339), the base

of the prothorax is narrower than that of the

elytra, and the antennae, which are of moderate

length, are inserted widely apart from each
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Fig. 339.

TtnurcAa tenehricoia.

otlier. It is an insect of this tribe, Hallica
nemorum, that often occasions so much injury
to tlie agriculturist by destroying his crops of
turnips immediately after the young plant ap-
peal's above ground. The perfect beetle,
scarcely larger than a millet-seed, deposiU its

eggs upon the under surface of the first leaves,

and the larva when hatched penetrates into the
substance of the {parenchymatous tissue, be-
tween the cuticle of the up|)er and under sur-
face of the leaf, where it lives until it is ready
to undergo its transfonnations in the ground.*
In some years the plants are attacked by such
prodigious numbers of these insects that many
thousand of acres are destroyed in a few days.
The loss sustained by the devastations of this

insect in Devonshire in 1786, is said to have
been not less than £100,000 f

In the fourth section, Pseudo-trimera, West.
the insects have only three distinct joints in
their tarsi, although a fourth one, exceedingly
minute, and which like the additional one in

theTelramerawas first noticed by Messrs. Kirby
and Spence.t exists at the articulation of the last

joint, as in the insects of the third section. Tlie
Pseudo-lrimera are distinguished by their tarsi,

by their oval or hemispheric shape, and by the
antennx ending in a three-jointed club. The
larvte are hexapodous and active; those of the
common lady-cow, Coccinella, feed upon
aphides, and other genera upon fungi.

In the fifth section, Heteromera, there are
five joints in the first and second pairs of legs,
but only four in the third, (fg. 340). The
palpi, four in number, are large and projecting,
and the antennse, usually filiform or monili-

Fig. 340.

Blapi mortuaga, ( DarUing-beelU).

• I.e KeuK, Trans. Ent. Society, vol. ii. p. 24.
t Kirby and Spcnce, Introduct. to Entom. vol. i,

p. IBS.

X Id. vol. iii. p. 683, 4.

form, arc never terminated by a pectinated club.

It includes many genera of dissimilar habits,

the darkling-beetles, blapaida, the meal-bee-
tles, Tenebrion'uia, and the Cantharida, the

oil-beetles and blister-flies.

In tlie sixth section, Brachdytra, (fig. 341),

Fig. 341.

Creophibu wmmlhmi, (S4m-imlU),

tlie body is elongated, and terminated by two
exsertile papilla;, the elytra short, quadrate,
and often covering only the meso- and meta-
thorax ; the true or posterior wings, folded be-
neath the elytra; head broad and flattened,

mandibles large, hooked, and pointed, antenna:
often enlarged towards their extremities, and
the tarsi of all the legs five-jointed. The
larvae are active and voracious, and undergo a
complete metamorphosis.

The situation assigned to this group of in-

sects by difl°erent systematists has varied con-
siderably. Many authors have placed them
with the pentamerous insects, unto which from
their habits and number of joints in their tarsi

they appear to belong. Thus Dejean assigned
them a position between the Uvdradep/uiga
and P/iyUii/drida ; Dr. Leach* between &e
Silphida and Dermeslidtc ; Mr. Kirby, in his
recent work,t between the Adephaga and
Necrophaga; and, lastly, Mr. Westwood J
between the Dermestida and Byrrhida. On
the other hand Mr. Stephens, after Linn6 and
Fabricius, has placed them at the end of his
Coleoptera, thinking, probably, as Mr. Kirby
has remarked, that they are connected with the
following orders, Dermaptera and Orthoptera,
by their abbreviated elytra, and by their anal
ppillee or styles ; as they are also, probably,
oy tlie shortness and structure of their alimen-
tary canal, which in many respects as much
resembles that of the Forficulida or Blattida,
as the Adephaga or Necrophaga.

Order II. DERMAPTERA.
Wings four, anterior ones fejytra) crustace-

ous, quadrate, and divided by a straight suture;
not employed in flight ; posterior ones mem-
branous, folded longitudinally and transversely,

only partially covered by the elytra; nnus
armed with large moveable forceps. Larva
active, resembles the perfect insect. Metamor-
phosis incomplete.

The single family of this order, ForficuUdtt,

(Earwigs) are readily distinguished from the

• Article Entomology. Edin. Encycl. vol. ix.

t Insects, Fauna Boreali Americana, p. 86 et
seq. 1837.

; Introduc. to the Modem Clauificaiion of In-
•ects, &c. 1838-9.
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Brachelytra by tlie fercipated anus, the great

length of the antennae, and the breadth and

circularity of the wings when expanded, com-

pared with the narrow and acute ones of the

latter insects.

Order III. ORTHOPTERA.
Wings four, anterior ones coriaceous, reticu-

lated, and overlapping each other, posterior

ones partly coriaceous partly membranous, re-

ticulated, and folded longitudinally; head ver-

tical ; mandibles, thick, strong, and dentated

;

piilpi four, maxillary ones in most genera five-

jointed. Metamorphosis incomplete. The larvE

are active, and resemble the perfect insect.

In this Order are included many remarkable

families. The Locustida, Locusts ; the Ac/ie-

tidte, the House and Mole-crickets (fig. 342)

;

fig. 342.

GryUotalpa rndgaria, (male), Moie-ericbet,

the Mantida:, or praying insects ; and the Blat-

tidic (fig. 343), or destructive Cock-roaches.

Fig. 343.

Order IV. NEUROPTERA.
Wings four, linear, naked, membranaceous,

and minutely reticulated ; all employed in

flight ; head large, eyes projecting ; body linear.

This Order is divided into five sections.

In the first section, Panorpina, or Scorpion-

flies (fig. 344), the head is produced anteriorly

Fig. 344.

Panorpa ccrmmunis (male). Scorpum.fy,

( Samouelle.

)

into a short rostrum, at the extremity of which

is the mouth, as in some of the Curculionida ;

the antenna; are long and filiform, and the

body is slender, and terminates in the female

in an acute ovipositor, and in the male in an

articulated claw (a) like the tail of the Scor-

pion, from which the insect derives its name.

The larva is unknown, but is supposed to un-

dergo a complete metamorphosis. The pupa
or nymph is inactive.* The perfect insect is

predaceous.

In the second section, the Anisoptera or Eplie-

merida, May-flies (fig. 345), are distinguished

Fig. 345.

Jilatta Ori.'H(nl!' (male.) The Coch-roiich.

Bpliemera vulgata. May-fly. (SamoueUe.)

by the smallness of their posterior wings, by the

shortness of the antenna?, and by the long seta;

at the extremity of the abdomen. The larvse

are active, and much resemble the perfect in-

sect. They reside constantly beneath stones,

or in buiTovvs at the bottom of running streams,^

and undergo an incomplete metamorphosis.

The pupa is active like the larva. In the per-

fect insect, which takes no food, and is prover-

bially noted for the shortness of its existence,

which is seldom more than a few hours, the

parts of the mouth are almost entirely oblite-

rated.

In the third section, Libeltulina, Dragon-

flies, all the wings are of equal size, eyes large

and prominent, antennae minute, body slender,

* Westwood, Introduction to Entomology, vol.

ii. p. 53.

t Ibid. vol. ii. p. 29.
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and tarsi with only three joinLs. The larva

and pupa are active, voracious, :ind aquatic, and
like thosi! of the Ephemera, resemble the per-

fect insect, ftlelamorphosis incomplete.

The fourth section, Tennitinu, have large

and nearly equal sized wings, either disposed

horizonUilly or erect, with the antenna; rather

long and filiform, as in Ilcnierobidit, lace-

win^ed tlies, or club-shaped, as in the ant-lions,

Myrmtiwuidtt. The larvx are active and pre-

daceous. The ant-lion lives at the bottom of a

minute pit-fall, which it digs to entrap other

insects. The Hemeiobiut lives among crowds
of Aphiiks, plant-lice, upon which it feeds,

while the larva; of the Termites, or white ants,

live in !K>cieties of almost innumerable indivi-

duals. The first two of these families undergo

a complete metamorphosis, and the insects in

the condition of nymphs are inactive in tlie

earlier suiges of the pupa state. In the latter

femily the larva and pupa greatly resemble the

perfect insect, and are active at every period of

existence.

Tlie fifth section, Megaloptera, have the pos-

terior wings rather larger than the anterior, the

head and pro-thorax large and quadrate, and
the antenna; long and setaceous. Metamor-
phosis incomplete. According to Mr. West-
wood • the larva and pupa arc active, and not

inclosed in a case, ai-e aquatic, and greatly re-

semble the perfect insect.

Order V. TRICHOPTERA.
Wings four, deflexed, hairy, not reticulated

;

texture slightly coriaceous ; posterior pair pli-

cated, broader than the anterior; antenna; very

long, setaceous ; ocelli three ; maxillary palpi

long ;
" mouth unfitted for mastication ; man-

dibles rudimental." Metamorphosis complete.

Tlie perfi»ct insects of this Order, called by
fishermen " stone-flies," f are found on water-

plants, stems of trees, and palings by the side

of rivers. The larva, the caddis, or case-worms,

are aquatic, and reside in little cases which
they carry about with them, and construct by
uniting bits of wood, minute sliells, and fra ,-

ments of stones, which are woven together with

threads of fine silk. The pupa is semi-com-
plete, and quiescent during the greater part of

its period, but becomes active, and creeps out

of the water upon the stems of plants before

changing to the perfect insect.

Order VI. HYMENOPTERA.
Wings four, membranous with large areolar

cells ; posterior j»ir smaller than the anterior

;

antennae longer than the head ; eyes large

;

ocelli three. Mandibles strong, and generally

dentated ; maxillx largely developed ; labium
and ligula together forming a long proboscis

sheathed by tlie maxilla;. Female armed either

with a borer or sting. Metamorphosis com-
plete.

This Order is divided into four sections.

In the first, Tcrebrantia, borers, the abdo-
men is sessile or united to the thorax by its

• Introdiict. to Kntom. vol. ii. p. 23.
Yarrell's British Fi>bca, vol, ii. p. 84.

VOL. II.

whole breadtli. In one family, tlie taw-flies,

(,/ig. 355, b), the abdomen is armed with two
serrated partially concealed plates, with which
the insect cuts through the l^rk or pierces the

leaves of plants to deposit her eggs. In ano-

ther femily, Uroeerida, the true borers, the ab-

domen is armed with a strong projecting cylin-

drical spiculum, which is grooved on its under

surface, and contains two smaller dentated spi-

cula, analogous to the plates of the saw-fly,

with which the insect bores into timber-

trees and deposits its eggs. The larva; are

active and extremely voracious. Those of the

saw-flies, pseudu-caterpillurs (Jig. 355, A,) de-

vour the leaves of plants, and are sometimes

exceedingly injurious to the agriculturist, as

has been the case with those of Atlmita ccnti-

folia to the turnip crops during the last few
summers,* while the larvs of Urocerida are said

to be equally destructive to living trees.+

In the second section, Piipophuga, the ich-

neumon fiies, the body is long and slender, and
the abdomen is petiolated, or connected only

by a constricted neck with the thorax, and the

antenns are long and setaceous. The larva; are

apodal, and are parasitic on other insects.

In the third section, AculeiUa, the body is

short and pedunculated, and furnished with a
true aculeus, which is used as a weapon of de-

fence. The larvie are apodal, are fed by the

parent or by sterile females, and generally re-

side in cells. Some species are solitary, and
feed their young with the bodies of other in-

sects, Cralronidct ; others live in society, and
are either omnivorous, as the Formicidtt, ants,

and Vespida, hornets (fig. 346) and wasps, or

Tig. 346.

Vapa crabro. The Homet. (Sanum^.)

mellivorous, as the humble and hive bees,

(Apidie), which feed their young upon a mix-

ture of j)ollen and honey.

In the fourth section, Tubulifera, the body
is short, slightly convex, and often compressed

laterally; the posterior wings are almost en-

tirely destitute of nervures, and the abdomen is

* Prize Essay of tho Entomological Society on
the Anatomy, Habits, and Econony of Atbalia
centifolia, 1838, by G. Newport.

t Westwood, Inirod. &c. vol. ii. p. 119. IHr.

Ruddon in Trans. Entomological Society, vol. i.

p. Uxxv.
3 L
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furnished either with a telescopic, jointed tube,

as in the Chrysidida:, golden wasps, or with a

spiculiferous ovipositor, which is partly retrac-

tile within the abdomen, as in the Cynipidtt,

gall-flies. The former of these insects deposit

their eggs either in the cells of other Hymen-
optera or in the bodies of active Lepidopterous

larvs, before their change to tlie pupa state, and

thus resemble in habits the true Ic/meumonida;.

The Cynipida puncture the leaves or bark of

trees and plants, and deposit their eggs, at the

same time injecting into the wound a fluid

which occasions the growth of galls or excre-

scences, the interior of which is both food and

habitation for the young larva. In their habits,

as Mr. Westwood has well observed, the Cyni-

pida very closely approach the Terebrantia,

and seem to form a link of communication be-

tween them and the true Ichiemnonidtc.

Order VII. STREPSIPTERA.
Wings four, the anterior ones (pseudelytra)

very minute, twisted, and projecting trans-

versely from the sides of the meso-thorax like

little scales
;

posterior pair very large, fan-

shaped, with radiating nervures, and plicated

when folded. Body linear, abdomen com-

pressed, metathorax very large; meso- and pro-

thorax very short ; head transverse, broader

than the pro-thorax; eyes slightly peduncu-

lated; antennae inserted into an exca-

vation in the front, and terminated by two

branches ; mouth unfitted for taking food

;

maxillae minute, projecting, stiliform ; labial

palpi very large.* Metamorphosis complete.

These insects, Stylopida, are parasitic and
exceedingly minute ; they undergo their trans-

formations in the bodies of perfect wasps and

bees, and pass out between the abdominal seg-

ment. Latreille has aptly designated them the

CEstri of insects. It is entirely unknown where

the eggs are deposited, whether in the body of

the wasp or bee, or in that of its larva. Four
distinct genera of these minute parasites have

already been discovered. Stylops Spencii (Jig.

347) is one of the largest species, but is scarcely

Fig. 347.

more than two lines in length, while the small-

est species yet known, Eknchus Tempktonii,

West.* is not more than two-thirds of a line,

or scarcely a line in breadth with its wings ex-

panded.

The anomalous structure of these insects has

been a matter of great difficulty to entomolo-

gists. Rossi, who first discovered an insect of

this order, placed it with the Ilymenoptera.

Mr. Kirby at first thought that it ought to follow

the Coleoptera, on account of its elytra and
kind of metamorphosis ; Mr. Mac Leayt placed

it between the Coleoptera and Hymenoptera,

to both of which, as Mr. Kirby had remarked,

it is connected by its metamorphosis. Dr.

Leach placed it between the Coleoptera and
Dermaptera, while Mr. Newman, who at first

thought it belonged to Hymenoptera,Jafterwards

placed it with the Diptera,§ between which

two Orders it was also placed by M. Samo-
uelle.|| It has, however, been satisfactorily

shown by Mr. Westwood II that it is an imper-

fectly mandibulated insect, and that if the

structure of its oral apparatus, the shortness of

its first thoracic segments, and its kind of me-
tamorphosis be considered, it ought to be

placed between the Ilymenoptera and Lepi-

doptera, at the end of the Mundibuluta, which

situation it occupies in Mr. Stephens's arrange-

ment.** But the existence of elytra, and the

peculiar structure of its wings, ought not to be
disregarded, and should any species sufficiently

large for minute dissection be hereafter disco-

vered, it is not improbable that an examination

of its internal organs may lead to a different

opinion.

Sub-Class II. HAUSTELLATA.

Order VIII. LEPIDOPTERA.
Wings four, covered with minute scales;

mouth proboscidal, formed of two elongated

organs, approximated laterally to form a tube ;

when at rest spirally convoluted. Labial palpi

large, hairy. Metamorphosis complete.

The Order is divided into six sections.

First the Diurna, day-fliers or butterflies, are

distinguished by their long clavated antennas,

which in a few are also slightly hooked at the

apex. The wings are large and erect when the

insect is at rest. The larva or caterpillar has

sixteen feet. Pupa quiescent and complete.

In the second section, Crepmcularia, (Jig.

348,) tlie sphinges or hawk-moths, the antennae

are prismatic, and generally thickest in the mid-

dle, the body large, and tapering towards its ex-

tremity, which is often bearded, and the wings

are elongated and slighdy deflexed when at rest.

The pupa is smooth, and inclosed in a coccoon,

• Westwood, Transact. Ent. Society, vol. i.

p. 169.

t Horae Entomolog. p. 371,

X Mag. Natur. Histor. No. 23.

Sli/lopt Spencii, highly magnified.

WetttBOod, Ent. Tram.

* Kirby in Lin. Trans, vol. xi. p. 86. Kirby

and Spence, Introduct. vol. iv. p. 378.

i Ent. Mag. vol. ii. p. 326.
ji Entomol. Compendium, 1819, p. 'MH.

1 Trans. Ent. Societv, vol. i. p. 169 et 172.
•* This is also the place assigned to it by Mr.

Westwood. " Introduction," &c. vol. ii. p. 287,
June 1, 1839.
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Fig. 348. Tig. 349.

Deilephila dpenor, Ihe Elephant Sjihinx.

or in a cell of the earth. The perfect insects

fly very swiftly, and are mostly abroad at

twilight.

In the third section, Pomeridiana, which
includes the silkworm-moths, the body is short

and thick, proboscis in general very short,
antenna: tapering, and much pectinated or
feathered in the males, and the wings, when at

rest, dctlexed and horizontal. The larva before
changing incloses itself in a case, which in the
Bomhi/ciJa is composed entirely of fine silk.

In the fourth section, Noctuma, night-moths,
the antennce are setaceous, the proboscis long
and spirally convoluted, the jialpi compressed
and terminated abruptly by a minute joint, and
the wings, when at rest, folded horizontally upon
the abdomen. It is a larva of this section,

Agrotis segetiim, that of late years has been
almost as injurious to the agriculturist by attack-

ing the full-grown turnip as that of the saw-
fly, Athiilia, or the beetle, Haltica, by attack-
ing the plant in the earliest stages of its growth.

In the fifth section, Semidiurna, the body is

slender, the antennx in general setaceous, the
proboscis short, and the wings broad and ex-
panded horizontally, as in tlie Geomelrida, or
deHexed and forming an angle with the body as
in the Pyruiida.

The sixth section, Vespcrtina, is composed
of minute species, among which are tlie de-
structive clothes-motlis, tineidtt.

Order IX. DIPTERA.
Wings two, membranous, naked, and si-

tuated anteriorly to two minute pedunculated
bodies (Imltcres), the analogues of the pos-
terior wings in the preceding orders ; * raeso-

thorax very large, and forming nearly the whole
of the thoracic region ; head rounded, distinct

from the thorax ; mouth rostriform ; metamor-
phosis complete ; pupa coarctate.

Amon^ the families of this extensive order
are iheCulicida, gnats, tite Asilidte Cfg.a-ig)
and Tabanid<r, bloodsuckers, the CRstrUlre,

gad-flies, and Muscidit, common house-flies.

In most of the families the larvs are active and

* Kitby tai Speocc, Introduction, &c,, vol. ii.

p. 354.

Aiibu crabraniformu (Samouellc).

apodal, or are furnished only with abdominal
feet. It is doubtful whether any of them cast

their skins during their growth. In most species

it becomes the outer covering of the pupa.

Order X. HOMALOPTERA.
Wings two, or entirely absent ; head sunk

into the anterior part of the thorax, or divided

from it only by a suture ; abdomen flat, broad,

and obtuse ; anus notched ; claws large, biden-

tate or tridentate ; metamorphosis complete

:

pupa coarctate.

in this remarkable order, the forest-flies (fg.
350) and ticks, the larva is nourished, and un-

Fig. 350.

^WT
HippoboKa egtdna, tie Foret-fy (SamooeUe).

dergoes its change into the pupa state within the
abdomen of the parent, as was first noticed by
Reaumur, by whom they were designated " spi-

der-flies." Soon after the pupa is deposited, it

becomes greatly enlarged, and equals m size the

body of the parent. Reaumur found that itt

outer envelope or case is formed of the skin of
the larva, as in the true Diptera, and he also

succeeded in detecting within it the proper
covering of the nymph. The type of the order,

the forest-fly (Jig. 350) is exceedingly trouble-

some to horses in the summer, and abounds in

the New Forest in Hampshire.

Order XI. APHANIPTERA.
Wings none ; body oval, compressed ; head

small, rounded, and compressed ; eyes simple,

orbicular; thighs strong; posterior legs the

longest ; tarsi five-jointed.

The Pulicida, fleas, undergo a complete
metamorphosis. Tlie larva b an active elon-

gated worm, which spins itself a case or coc-

coon, in which it becomes a nymph, and at

the end of a few days assumes the perfect

state. One species, PuUx penetrans, is ex-

ceedingly troublesome in the West Indies by
introducing itself beneath the toe-nails or under
the skin, where it occasions malignant ulcers.

Most of the species are of diminutive size, and
seldom exceed a line in length. Mr. Kirby,

3l 2
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however, has recently described one species,

P. Gigus,* which is two lines in length.

Order XII. APTERA.
Wings none ; body ovate, flattened ; head

distinct from tlie thoracic segments, which are

narrower tlian those of the abdomen ; mouth
either haustellated or mandibulated ; metamor-
phosis incomplete.

This order, which is formed of the PedicuU
of Linnseus, and is based upon the entire

absence of the wings and an incomplete meta-
morphosis, affords a striking proof that we
ought not in our arrangements to place too

much dejjendance upon the presence or ab-

sence of any one particular set of organs, or

kind of metamorpliosis; else, as well remarked
by Burmeister, we ought to include among the

Aptera the female Blatta and the common
Cimex, insects which evidently belong to

different orders. But it may be further ob-

served that dissimilarity in the structure of one
particular kind of organs is not alone sufficient

to authorise the separation of genera which in

other respects are closely united ; otherwise

the Nirmid<c (fig. 351) ought to be separated

f^g. 351.

Nirmui, the Bird-hme,

from the Pediculidtt, although resembling them
in every thing excepting the structure of the

mouth, the very part of the animal upon which
the two great divisions of insects in the present
arrangement is founded.

Order XIII. HEMIPTERA.
Wings four, anterior ones paitly leathery,

partly membranaceous, decussating each otlier

at the apex
; posterior wings entirely mem-

branaceous ; pro-thorax and scutellum very
large ; mouth rostriform, composed of elon-

Fig. 352.

gated seta;; ocelli three; metamorpliosis in-

complete.

This order is divided into two sections, Ter-
restria and Aqimtica.

The larva and pupa are active, and most
species subsist upon the juices of other ani-

mals. The Tcrreslria are distinguished chiefly

by the length of the antennse, which exceeds
tliat of the head, and by their three-jointed

tarsi. The Aquatica have the antenna; in

general shorter than the head (which in some
species (fig. 352) is sunk into the pro-thorax),

the eyes are large, the rostrum short, and the

tarsi with only two joints.

Order XIV. HOMOPTERA.
Wings four, anterior pair either entirely

coriaceous or membranaceous, not decussating

each other ; pro-thorax very short ; head large

and transverse ; antennae shorter than the head
in most genera; abdomen in some furnished

with a compound serrated ovipositor ; meta-
morphosis incomplete.

This order is considered by many authors as

only a section of the preceding. It is, how-
ever, composed of several distinct families.

Ttie types of the order, the Ckiuliida (fig.
353), tree-hoppers, in possessing a serrated

Fig. 353.

Nejm c'merea, the Water-scorpion (SamoucUc),

• Fauna Borcali-Americana, 1837, p. 318.

Cicada htBnuUodes (female). (Samouellc).

ovipositor seem to approach to the Terebrantia,

while the Thripidie, which in the structure of

the mouth resemble mandibulated insects, have
recently been formed into a distinct order,*

and have been placed by Mr. Westwood before

the Neuroptera. Perhaps a closer examination
of the remaining families, Aphida and Coccida,

the plant-lice, &c., might lead to a similar

removal.

In the preceding remarks we have closely

adhered to the arrangement proposed by Mr.
Stephens, but it cannot be denied that much
remains to be done before the entomologist will

be able to form an arrangement so far natural

as to be free from serious objections. The
principal divisions of the last two orders, in

possessing ocelli, in the size of the thorax, the

connexion of the wings during flight (which
we shall hereafter show exists in some of the

Cercopiidie,) and in the serrated terebral ovi-

positor, seem to be more nearly connected
with the Hymenoptera than with the wingless
and less perfectly developed Aphaniptera and
Aptera.

From the above remarks on the orders it will

* Thysanoptera. Haliday, in Eotom, Magazine,
vol. iii. & iv.
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be seen that a large majority of insects have four

stales of existence,—the euig, the larva, the
pupa, and the imago or nerfect state. Until
very lately, it was siipposeu that this peculiarity

of existing at dificrent periods under such
different forms belonged only to this class of
tlie Invertebrata, but recent observation,* as

shown in the article Ciiiriiopoda, &c.,t has
made it appear that there are other classes

also which undergo metamorphoses, although
in no instances do the animals continue so long
in their preparatory states, nor undergo such
remarkable changes of form in passing from
one state to another, as insects.

The egg.—In the egg, or earliest stage of
extia-uterine existence, the insect continues for

a longer or shorter time according to external

circumstances. We have at present only to

notice the external form, markings, and colour
of the egg, which vary as greatly in tlie dif-

ferent species as the locality in which it is

placed by tlie parent The greatest variety of
these occurs amofig the Lepidopterous insects.

In some, as in the butterfly, I'ontia bramca,
the egg is of an obtuse conical tigure, like a
Florence flask, and is beautifully ribbed and
beaded on its exterior surface ; in others, as in

one of tlie night-moths, Acronycta Psi, it is

ribbed, and is flattened like a Iens;t in the

small but beautiful butterfly, Thecta betula,

it is shaped like a turban ;§ in Clisiocawpa

ncustria, which glues its eggs together like a
ring around the small branches of fruit-trees,

it is cylindrical, and flattened at both ends,

and in the puss-moth, Cemra vinula, its form
is compressed and lenticular. Among the Neu-
roptera, llcmiptera, and Diptera there are other

forms equally curious. The lace-winged fly,

Cltrysopii jicrla, suspends its egg in the air upon
a long pedicle

; \\
the egg of the water-scorpion,

Nepa cinerea (Jig. 35'2), is encircled at one
extremity by a coronet of rays ot processes,ir

while in one of the dung-flies the egg has two
projecting appendages which have somewhat
the appearance of ears. The color and mark-
ings of the egg are not so various as its form.

In the common green grasshopper, Acrida
viridissima, it is green, like the seeds of some
plants. In Pedicia ?ivosa and Tipula otiracea

It is perfectly black, and in other insumces, as

in Oclomsl is polatvria, it is beautifully en-

circled with bands of white and green, or is

speckled with darker spots, like the eggs
ol birds, as in Lussiocumpa quercus. The
prevailing colours, however, are yellow, as in

tlie cylindrical eggs of the oil-beetles, the Meloe
and Proscarabdi; or white as in the flesh-flies,

Miiscii voiiiitoria and domcstku ; or perfectly

translucent, as in the saw-fly of the tuniip,

Atliatiu centiJ'oUa. The external markings
and sculpture on the egg are not less remark-
able than its general form and colour. Some-

• Phil. Trans, part ii, 1835.

t Vol. i. p. 692.
t Scpp.

^ 111. quoted by ntirmeislcT, Manual of Ento-
jnoliigy ( I'mns.). p. (j33.

11 lUiauiiuir, Kirby and .Spcncc, vol. iii. p. 9.').

II Swammcrdaiu liib. Nat. t. iii. £g9. 7 and t).

times the egg, as above stated, it ribbed and
beaded, sometimes excavated over its whole

surface into regular cells like a honey-comb,

at others it is imbricated like the tiling of a
house, but in the greater number of instances

it is smooth as in other animals.

These peculiarities of form and color appear

in many instances to have relation to the cir-

cumstances under which the egg is deposited

by the parent, to its preservation, or to the

locality in which it is placed. The egg of

Scatophaga sUrcoruria, KiRBY, is only par-

tially inserted into recent cow-dung,* with its

auricular processes, through which it is sujv

posed to respire, exposed to the influence oflight

and air ; that of Chrysopa perlu, K., tlie lace-

winged fly, is attached by its pedicle in the

midst of crowds of Aphides, upon which tlie

young larva is to subsist ;t while the coro-

netted e^s of Nepa (fig. 352) are inserted into

tlie stems of water-plants, with their processes

only exposed,! probably for the purposes of

respiration, until the enclosed germs are stimu-

lated into active existence by the vivifying

influence of light and air, without which

perhaps they would perish. This indeed

happens with the eggs of the great water-

beetle. Hydrous piceus (fig. 330) which, ac-

cording to Lyonet, are deposited in a little nest

that floats upon the surrace, and from which

the larvs escape into the water immediately

they are developed. We have found that if

the eggs of this insect be allowed to fall to the

bottom of a vessel of water, and remain there

for some days, organisation proceeds in them
for a day or two, after which they perish. For

a similar purpose the eggs of Alhuliu centi-

Jblur (fig. 355), which require a high atmos-

pheric temperature for their speedy development,

are inserted into little spaces between the cuticle

and |)arenchymatous tissue of the leaf of the

turnip. In each of tliese instances the object

to be insured is the safety of the egg itself;

either its preservation from external injury, or

its full exposure to atmospheric influence to

accelerate its development. It may be re-

marked as a general rule, that those eggs from

which the larvae are most rapidly developed

are those which require the highest tempera-

ture and fullest exiwsure to the atmosphere.

These are the external circumstances which
greatly influence the development of the germ
into the stale of larva.

T/ie lurvu.—Immediately the insect is liber-

ated from the external coverings of the egg it is

called a larva. It is so designated from its

then being as it were under a mask or in dis-

guise, and unable to fulfil one of the principal

objects of its existence, the continuation of its

kind. In some species, as among the Aptera,

it has at this period the form of the parent,

from which it differs in nothing externally but

size, being always very much smaller. Instances

of this kind occur in the Pediculi and Nirmi

(fig. 351). In other species, examples of

which are seen in the Cimkcs, Blatla (fig. 343),

• Kitby and -Spcncc, vol. iii. p.97.

t Kcaumur, torn. iv. p. 376.

{ Kirby and Spcncc, vol. iii. p. 95.
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Forficula, and Ckad,c (fig. 353), the insect

is very much smaller, but' has the general form

of the parent, without any rudiments of wings

or elytra. Another description of larva is that

in which the insect comes from the egg eitlier

as a fat sluggish grub, or as an active and vora-

cious one, with an elongated body very

different in form from that of the parent, and is

furnished with but six legs, which are attached

to the anterior part of the body, in addition in

some instances to two processes employed as

legs at its posterior extremity. Examples of

the last of these occur in the voracious water-

beetles, Dyticida, in the Carabtda: or ground-

beetles (fig. 354) and many others ; and of the

Fig. 354.

Larva of Calosoma Sycophanta ( Burmeister).

first, in the Chaffer-beetles Melohmt/ice, and
stag and dung-beetles, Lucaiiida and Geotrii-

pidce (fig. 332). Other kinds of larvae, to

which the term is more strictly applicable, are

known to every one, as the caterpillars of

butterflies and moths. These and the pseudo-

caterpillars, the larvtE of the saw-flies, Te7i-

thredinida,
(fig. 355, a), are active and have

Fig. 355.

A, hrtMf and 1&, perfect state of Athalia centifo\i(Ef

the mW'fiy uf tfie tvmip. (Newport^ Prize Essay.)

elongated bodies furnished, in addition to the

six legs at the anterior part, with many others

along the posterior. They undergo a complete

metamorphosis, both of external and internal

conformation in jiassing from the larva to the

perfect condition. Besides these there are, as

in the instance of hornets (figs. 356 and 357)
and bees, larvae which are entirely destitute of

organs of locomotion, and exist simply as elon-

gated maggots ; and others, as some of the

flesh-flies, Musac, and the tailed maggots that

inhabit the most noisome puddles, Eristalis

tenax, which are entirely destitute of the true or

anterior legs, and have only tliose which are

attached to the abdomen.
These kinds of larva; were formerly referred

by Fabricius, under special designations, to

different kinds of metamorphoses, which those

designations were supposed to indicate; but, as

remarked by Burmeister,* neither were the

terms employed in strict accordance with the

conditions of the larvae themselves, nor always

indicatory of the metamorphoses they were

about to undergo. We fully agree, therefore,

in the opinion expressed by Burmeister, that

the different kinds of larvae are referable to

only two kinds of metamorphoses ; the one a

vietamorplwsis incompleta, which consists sim-

ply in the insect shedding its skin and
increasing in size, and in some cases acquiring

new organs, but in all stages of its existence

continuing active, and having the form of the

parent, as in the instances above noticed

;

and the other a metamorphosis completa, in-

cluding all insects which in the larva state have

a form different from the parent, and undergo

a complete change, both of external and inter-

nal conformation, before they arrive at the per-

fect state.

But whatever be the form or changes of the

insect, the larva state may be looked upon as

its most voracious period of life. In many
species it is also its longest period. Those
which do not hybernate in the perfect state

exist but for a very short time as larvae ; while

those which continue for a long period in the

larva state, as the Lucanida and Melolonthidie,

some of which are said to continue for four

years, pass but a little while in the perfect.

But these periods are not always equally long

in different species of the same families. Thus
among the Apidie, the Bombus terresiris, or

common humble-bee, exists but for a short

period in the larva, but a long one in the per-

fect state ; while in a closely allied genus An-
thophora retusa, one of the solitary bees, that

form separate nidi in vertical sections of dry

banks exposed to the sun, the insect often con-

tinues through the whole winter in the larva

state, and only exists for a few weeks of the

following summer in the perfect. On the

other hand the numerous species of Muscidie

exist but a short time as larvae, or maggots, but

a very long time as active flies.

External anatomy of the larva.—^The body
of a larva is in general composed of thirteen

distinct segments, or divisions ; the first consti-

tutes the head, with the organs of manducation,

the second, third, and fourth, and, as we shall

hereafter see, in part also the fifth, together

form the thorax of the future Imago, while

the remaining ones form the third division of

the body, the abdomen. In most insects hi the

larva state, the whole of these segments from

the second to the thirteenth are equally deve-

loped, and differ but little from each other in

their general appearance. The second, third,

and fourth segments have each a pair of short

scaly feet, the rudiments of the future limbs,

and the segments of the abdomen are often

furnished with soft membranaceous ones, which
disajipear entirely when the larva undergoes

its metamorphosis. On each side of the body
there are in general nine oval apertures, the

' Manual, Trans, p. 34.
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npiracuhc, or breathing holes. These are situ-

ated in tlie true larva, or caterpillar, in the

second, fifth, sixth, and following segments to

the twelflti. This is the general structure of

the larva, but tliere are modifications of it in

every particular. Tims, in the larva of those

Hymennptmnis insects which are entirely desti-

tute of feet, there are fourteen distinct segments

in the body, besides an anal tubercle, and ten

spiraculx on each side (Jig. 356). These are

noticed fourteen (fig. 358).

Fig. 358.

Tlic first four ot

Fig. 356. Fig. 357.

Lateral view. Inferior view.

Larva of Veipa crabro, magnijied,

situated in the second, third, fourth, and remain-

ing segments to the twelfth, so that in these in-

sects the thoracic portion of the body contains

an additional spiracle, while the abdomen has

one additional segment. This fact is particularly

interesting from the circumstance of its appa-

rently disturbing the opinions hitherto advocated

by naturalists res]iecting the normal number of

segments, which has been thought to be con-

stantly thirteen in this class of invertebrata, while

it derivesa greater importancefrom theadditional

segment belonging to the abdomen, as we shall

hereafter prove. This additional number of

segments, as constantly occurring in apodal

Hymenoptera, was first pointed out by Mr.
Westwood,* and has been observed by ourselves

in every instance in the larvse of Vespn Crabro,

(Jig. 356.) Bitmbus terrestris, Anthopliora

return, Ichneumon Atropos, and other species.

In the common maggots or larvse of the Hesh-

flies, Muscidrr, the body is elongated, and

topering at its anterior extremity, and con-

sists of fourteen seginents.f In the larva of a

s|)ecies of Musca which infests bacon and other

dried provisions, and in that of the common
flesh-fly, Mmca vomitoria, we have distinctly

• Trans. Ent. Soc. vol. ii. p. 124.

t Fifteen^ if we include the anterior portion of

the third segment, which appears like a distinct

part. Since these observations have been in print

the XII. and XIII. Parts of Mr. Wcstwood's '• In-

troduction " have been published, and it is grati-

fying to observe that he has fonnd fifteen segments,

including the head, in the larva of Odynerta, Col-

h'tti, and Anthidium.

A , Af>odat lana ofMiuea ; B , headofdo,: a, i

bular hookt ; b, the anterior brancbia; c, the iabrvml

Q, organtof retpiration ; D, a portion of the dtrraalveueL

tliese appear to constitute the head of the larva,

since in them are contained the palpi and oral

apparatus, besides two remarkable orange-

coloured organs, which project from the sides

of the fourth segment, and on a cursory view

appear to be the organs of vision, but are in

reality the branchia; of the future pro-thorax

(B A). In the larva of the sheep-hot, (FMrus

ovit, which resides for many months in the

frontal sinuses and roots of the horns of that

animal, there are thirteen segments, but the

terminal one is very indistinct, while the an-

terior one, which is exceedingly minute, is

proved to form a large proportion of the head,

by its containing the oral apparatus, and by

the existence in it, at its anterior part, of two

very distinct eyes. These larvae respire by

means of two sets of branchiated organs,

(fig. 358, c) situated at the posterior part

of the body, and not by lateral spiracles.

The apparently anomalous condition of the

head m these insects, like the additional

segment in Hymenoptera, is a circumstance

of much interest, but is not witliout its

parallel in perfect individuals of other classes,

as in Jili/rtapoda, in which the head is most

distinctly composed of at least three seg-

ments. We must not conclude, however, with

Dr. Ratzeburg, as noticed by Mr. West-

wood,* that in Hymawptera the head of the

Imago corresponds to liie first two segments

of the larva, because at the latter period of

the hu-va sutte, just before the insect becomes

* Trans. Ent. Soc. vol. ii. p. 125.
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a nymph, or pupa, the head is found to occupy
the anterior part of the second segment. Tlie

true head of tlie hymenopterous larva, before its

changes have commenced, is in reality the

first segment; since, as remarked by Mr.
\V estwood, it has not only the usual conforma-

tion of the head, but contains also the rudi-

ments of all the manducatory organs, and the

antenna'. In addition to this, we may state

that before the larva has discontinued to feed,

and has begun to prepare itself for transforma-

tion, we have invariably found on dissection,

that the first cerebral mass, the suprd-<£sopha-

geal ganglion or brain is situated in the superior

part of the first segment, and the first sub-

oEsophageal ganglion in the posterior part of the

inferior surface; so that it is not until after

the changes into the nymph state have com-
menced, beneath tlie skin of the larva, that the

head becomes so greatly enlarged as to en-

croach upon the second segment.

Of the head. The head of a larva, excepting

in Dipterous insects as above noticed, is

usually of a rounded or oval figure, and of a
harder texture than other parts of the body.
At its inferior surface are situated the organs of

manducation, and at its lateral and anterior the

rudiments of the eyes and antenna;. In all

true larvae it is divided longitudinally into two
halves, by a suture which extends from the

vertex or epicranium to the face, the front of
which is formed by a convex plate, die cli/peus,

or shield (fg. 359, b). This is generally of a

Fig. 359.

Head of larva of Aihalia centifulits.

a, the epicranium ; 6, t/ie dy^teus ; c, \abrtim ; rf, the
maittlibles ; e, maxiUce and pal/ii

; f, .the labium and
labial palpi. ( Newj/ort, Prize Essay.)

semicircular, or a quadrangular form, but varies
considerably in different species. Immediately
beneath this plate is situated another, the
labruin or upper lip (c). This also is of an
elongated, quadrangular, and sometimes heart-
shaped form, and constitutes tlie anterior
boundary of the mouth. Beneath this plate are

a pair of strong homy jaws, niuiidibuUt (rf),

which are in general thick, curved, and strongly

indented or toothed, and are placed one on each
side of the head. Beneath these are a |)air of
lesser jaws, wavillte (e), placed in a similar
manner, and with the mandibles form the
kteral boundaries of the mouth. The maxilla;
are soft, membranaceous and adapted for

liolding, rather than for comminuting the food
like the mandibles. They are in general also
furnished, as in the larva of Aihalia, with two

other jointed organs, palpi or feelers wliich are

employed by the insect entirely as factors.

Behind these parts is situated a second trans-

verse plate, the labium (_/'), or inferior lip,

which bounds the posterior part of the mouth.

This also, like the miuxilla, is furnished with a

pair of jointed palpi. The motions of the man-
dibles and maxilla; differ from diose of the

jaws in vertebrated animals, being always from

side to side, and meeting, or passing across

each other like the blades of a pair of scissors.

Besides these parts, there is in many larvae a

projecting papilla situated within the mouth
upon the soft membrane of the labium. This

is conical and jointed, and is called by Messrs.

Kirby and Spence the spinneret. It is the

common excretory duct of the glands which

secrete the materials with which the insect spins

its coccoon, previously to undergoing its trans-

formations. In all larvae the antenna {g) are

but slightly developed. They are situated a

little above the base of the mandibles, on each

side of the clypeus, and are of a conical form,

jointed, and usually terminating in a point.

In some species they are three, but rarely

more than five-jointed. The ei/es in all larva;

are single, or sessile, and not compound, or

aggregated together, as in perfect insects. In

the pseudo-caterpillars, Tenthredinida, as in

Athalia ccntijhlite, there is only one large stem-

ma on each side of the head (A), situated above

the antennae ; but in the true caterpillars, Lepi-

doptera, as in the Sphinx ligustri, there are

always six very minute ones, placed at a little

distance from each other, in the form of an

arc near the base of the mandibles and antennae,

at the lateral part of the head. In die apodal

hymenopterous larvae which constantly reside in

the dark, the oral apparatus is developed, but

tlie eyes are in general entirely absent.

The form of the oral apparatus in the

maggots, or larvtE of the Dipterous insects,

is entirely different from that of the insects we
have just described. In the larva of Q'.strus

wis instead of mandibles and maxilla; crossing

each other transversely, the mouth is formed by
two fissures, the one anterior and longitudinal,

and the other posterior and transverse, the two

meeting each odier in the form of the letter T
inverted thus x (fg' ^60). In the anterior

fissure (c) are situated two longitudinal power-

ful hooks, tlie mandibles {d) directed forwards

and downwards, and employed by the insect

both as organs of progression and nutrition.

At the base of these in the transverse fissure (c),

are two other hooks, maxilke, of a similar des-

cription, directed both to the median line, but

jointed like the mandibles in Myriapoda, and
crossing each other like die mandibles of the

true larva. The hooks thus include between

them the cavity of die mouth, in this manner
adapted both for wounding and tearing as well

as suction, and it is curious to observe that we
have here in the larva of a true insect an ap-

proach to the vermiform type of the permanent

condition of the oral apparatus of the leech . In
the maggot of the larder-flies and flesh-Hies

above alluded to, the mouth is formed some-
what differently. Behind the transverse hooks
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the month is bounded by a membranaceous
labium, while at its anterior part it is furnished

with a proboscidal lip (fig. 35B, B c), divided

into four very minute palpiform organs. There

are also two processes situated one on each

side of the mouth in the second segment. At
the base of tlie fourth segment are the two pro-

jecting orange-coloured organs of a semicircular

form, divided into what apjiear like single

pedunculated eyes, but which are in reality

external branchiffi, and correspond to the spira-

cles of the pro-thorax of the perfect insect (A).

In the (Estrus ovi$ (Jig. 360) the two sides of

length, and the parts of which they are

composed are readily distinguished. These

Hrad oflarva of Qhtnu ovit.

2, 3, 4, tegmerU ; a, optic tune ; b, eptcrmmm i c,
labium ; d, mandiblei ; e, maxill<e,

the fissure that forms the anterior part of the

mouth are developed into very distinct organs
of vision (A), in which may be traced the nerves
of two separate but nearly approximated eyes.

The existence of distinct eyes in this larva is

the more remarkable, from the circumstance that

the larva resides in the frontal sinus of the skull

of the sheep, where we sought for, and found
the identical specimens upon which our obser-
vations have been made.

Orgam oj locomotion. We stated above that

the true organs of locomotion are six in num-
ber, both in tlie larva and |)erfect slate, and
that they are always attached to the second,
third, and fourth segments of the body. They
are distinguished from the false, or abdominal
legs by their possessmg distinct articulations

or joints, by the strength and hardness of tlieir

texture, and by their general pointed form. In
Coleopterous larva they are of considerable

Fig. 361, Thoraac leg of larva of Couut UgmperJa

(Lyonei).
a, Coia;b,fetmtr;c, libiaid,tarnu;f,mguu.
Fig. 362. Abdominal leg.

are (figs. 361, 364 •*), as in the perfect

insect, the claw {/), the tarsia (d), the tibia

(c), the femur (i), and coxa, or hip (a). In all

terrestrial larvae the legs are attached to the

inferior parts of the segments ; but in one

remarkable genus of water-beetles the great

Hydrous piceus, they were supposed by Frisch

to be attached so much nearer to the dorsal

tlian the sternal surface as to have the appear-

ance of being actually placed on the back. But

this is erroneous, the mistake having arisen

from the peculiar formation of the head, which

is flat on its upper, but convex on its under sur-

face. The whole of these thoracic legs, in all

larvae which possess them, are nearly equally

developed, and do not present any marked

difference of form or size, as is often sub-

sequently found in the perfect insects. In the

larvae of Lepidoptera they are exceedingly

short and pointed, and in many Hi/menoptera

and Diplera are entirely absent. The false or

abdominal legs are totally different in appear-

ance and structure from the true or thoracic ones.

Although varying in number in different species,

they are universally present in the Lepidoptera

(Jig. 364, "Hi-) and in many Hymenoptera and

l)iptera. In some instances, as in many of

the Geomelridit, there is only a single pair at

the anal extremity of the body ; while in others,

as in some of the Tenthredinida, there are as

many as eight jjairs. In every instance they

are soft and membranaceous, without distinct

joints or articulations. In some of the Lepi-

doptera their structure is exceedingly curious,

and has been beautifully illustrated by Lyonet

(Jig. 362), in his anatomy of the larva of

Coisus ligniperda. In that insect their shape

resembles an inverted cone, with its apex trun-

cated to form a flat sole, or foot, upon which

the caterpillar vralks. The sole in its middle

can be rendered concave at the will of tlie

animal, while around its margin are several

rows of minute hooks, directed outwards, and

when the sole of the foot is pressed firmly upon
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any surface in walking these hooks attach

themselves, and are released again when the

sole of the foot is contracted, previously to the

caterpillar's raising it to make another step

forwards. In the Sphingidtv the abdominal
feet are formed of two parts, the external one,

broad, semicircular, and edged with minute

hooks, directed inwards like a claw, and the

internal one smaller, with its hooks directed

outwards, so that two parts of the foot are

opposed to each other, and grasp the surface

upon which they are walking like the foot of a
bird. It is with these that the Sphinx at-

taches itself so firmly to the stems and branches

of plants, that it is often almost impossible to

remove it without injury. In the Sphinx there

are four pairs of these legs, attached to the

seventh, eighth, ninth, and tenth segments,

besides one pair at the thirteenth, or anal e.\-

treraity. In some Dipterous larvae the abdomi-
nal legs are the only organs of locomotion—as

in the rat-tailed larva of Eristalis tenax.

In every instance these abdominal legs are

only processes of the exterior covering of the

insect, furnished externally with peculiar deve-

lopments of the cuticle, in the form of hardened
spines or hooks like the claws and nails of ver-

tebrated animals, and internally with a greater

development of certain portions of the muscles
of the abdomen. We have full proof of this

in those numerous apodal larvss which are

capable of locomotion, as in most of the

Muscidie, the common maggots. In all these,

in which both the true and false legs are entirely

absent, the whole external surface of the body
is modified for this purpose. In the masgot
of the flesh-fly the whole anterior part of every
segment is surrounded and beset with numbers
of very minute hooks, with their apices directed

backwards. With these the larva attaches

itself to the surface over which it moves, and
carries itself along by the alternate contraction

and relaxation of the longitudinal muscles of
its body. A beautiful adaptation of these
dermal hooks to the peculiar habits of the
individual is observed on comparing their form
and position on the bodies of the larvae of two
very distinct species of Gilstrus, the one dstrus
ovis, parasitic in the head of the sheep, the
other beneath the skin on the backs of oxen,
(Eslrus bovis. In the first of these larvae, which
moves about freely in its habitation, the hooks
(Jig. 360) are all directed backwards around
the posterior margin of each segment, a direc-

tion rendered necessary for their employment
as organs of locomotion ; but in the latter insect,

which is confined to one spot for many months,
in the tumour occasioned by it on the back of
the ox in the cellular tissue beneath the skin,

the hooks are not required as organs of pro-
gression, but yet are rendered necessary for the
purpose of retaining the larva in its nidus un-
affected by the varied muscular movements of
the parts around it. To accomplish this object
each segment of the larva is provided with two
sets of hooks. One of these is arranged around
the anterior part of the segments, and consists
of very numerous minute sharfvpointed spmes,
directed forwards, while the other is composed

of strong flattened scales with curved points,

very much larger but less numerous than the

preceding. These are disposed around the

posterior part of the segments, and have their

points directed backwards. The effect of the

spines thus placed in opposite directions evi-

dently is that of retaining the larva in exactly

the same position among the cellular tissue in

the back of the animal, while the greater

strength of the posterior spines enables it at

will to penetrate deeper beneath the skin of its

victim.

We have thus seen that in apodal larvae en-

dowed with powers of locomotion the place of
the true organs of progression is supplied by
peculiar developments of the cuticular covering

of the body, analogous to the scales on the

bodies of Ophidian Reptiles, and these are

employed by the larva in all their progressive

movements in the same manner as the scales

on the body of the snake. But in those apodal

larva; which remain in the same locality until

they have passed through all their changes, as

the larvae of the bee and wasp, these develop-

ments of the cuticular surface do not exist, but

the body is perfectly smooth.

It is not always, however, that the spines

on the bodies of larvae are employed as organs

of locomotion since they exist on many larvae

which possess both true and false feet, and are

then either merely ornamental appendages or a
means of defence. But whatever be their use

in the economy of the larva, they are only

developments of its external covering, and
generally disappear when the insect undergoes

its change into the pupa state, being thrown off

with the skin.

Growth and changes of the larva.—The life

of an insect that undergoes a true metamor-
phosis is one continued series of changes from

the period of its leaving the egg to that of its

assuming the perfect state. These are not

merely from the larva to the pupa and from

that to tlie perfect animal, during which the

insect gradually acquires new organs, but con-

sist also of repeated sheddings of its skin, which
occur at certain intervals before the larva has

attained its full size. These changes and the

circumstances connected with them have been
more particularly watched in Lepidopterous

insects, and have been carefully noted by many
naturalists, especially by those of the last cen-

tury, Hedi, Malpighi, Goedart, Merian, Ray,
Swammerdam, Reaumur, Lyonet, Bonnet, De
Geer, and others, who concur in their state-

ments respecting the manner in which these

changes are effected.

Almost immediately after the insect is

liberated from the egg it begins to feed with

avidity, and increases much in size. Accord-

ing to the observations of Count Dundalo* the

common silk-worm, Liparis vwri, does not

then weigh more than one hundredth of a grain,

and is scarcely a line in length, but at the

expiration of about thirty days, when it has

done feeding and has acquired its full size, its

• Count Dandalo on Silk-worms (Eng. Trans.)

p. 326.
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average weight is about ninety-five grains, and
its lengdi sometimes as much as forty lines.

During this period, therefore, it has increased

nine tliousancl and five hundred times its origi-

nal wcii^ht, and has eaten sixty thousand times

its weight of food. But observations on the

larva of the privet hawk molh, SpAi/ir tigustri,'

lead us to believe that this estimate of the

amount of food eaten is a little too great. The
larva of the sphinx at the moment of leaving

the egg weighs about one eightieth of a grain

;

at about the ninth day it casts its second skin

and then weighs about one-eighth of a grain

:

on the twelfth day it changes its skin again

and then weighs rather more than nine-tenths

of a grain. On the sixteenth day it casts its

fourth skin and weighs three grains and a half,

and on the twenty-second day enters its sixtli

and last skin and weighs very nearly twenty
grains ; but on the thirty-second day, when it

has acquired its greatest size, it weighs nearly

one hundred and twenty-five grains, so that in

the course of thirty-two days this larva increases

about nine thousand nine hundred and seventy-

six times its original weight. At lliis period it

is sometimes more than four inches in length.

But this is not the greatest weight that the

larva attains. One specimen which was bred
in its natural haunts weighed one hundred and
forty-one gi-ains and seven-tenths, so that in

this instance the insect had increased at the rate

of eleven thousand three hundred and twelve

times its original weight. But great as is this

proportion of increase, it is exceeded by some
other larvx. Lyonet found that the larva of

Cossus ligniperda, which remains about three

years in that state, increased to the amount of

seventy-two thousand times its first weight.-)-

Tliis amazing increase is occasioned chiefly by a
prodigious accumulation of fet which exists in

a greater quantity in tliis than in most other

larvic. We have ourselves removed forty-two

grains of fat from one specimen, which was
more than one-fourth of the whole weight of

the insect. The occasion for this prodigious

accumulation is chiefly to supply the insect

during its continuance in the pupa state, while

the muscular structure of the limbs and other

parts of the body are in the course of develop-

ment; and also to serve, perhaps, as an imme-
diate source of nutriment to the insect at the

period of its assuming the perfect state, and
more particularly during the rapid development
of its generative functions ; since, when these

have become perfected, the quantity that re-

mains is very inconsiderable. But all larvx do
not increase in these amazing proportions,

although their actual increase may be more
rapid. Those in which the proportion of in-

crease is the greatest are usually those which
remain longest in the pupa state, as in the

species first noticed. Thus Rcdi I observed in

the maggots of the common flesh-flies a rate of

increase amounting to about two hundred times

the original weight in twenty-four hours, but
the proportion of increase in these larvs does

• Phil. Trans. 1837, part ii. p. 315.

t Traitc .4nat. de la CfieniUe, p. II.

t Se General. Inscctorum, p. 27,

not at all approach that of the sphinx and
cossus. From observations made on the larva

of one of the wild bees, Anihophoru rttusa, we
believe that this is also the case with the f/i/-

meiwptera. The weight of the egg of this

insect is about the one hundred and fif\ieth

part of a greUn, and the average weight of a

full-grown larva six grains and eight tenths, so

that its increase is about one thousand and
twenty times its original weight ; which, com-
pared with that of the sphinx of medium size,

IS but as one to nine and three-quarters, and to

a sphinx of maximum size only as one to a
little more than eleven.

The changes of skin which a larva undergoes

before it enters the pupa state are more or less

frequent in different species. In the generality

of Lepidopterous insects it occurs about five

times, but in one of the tiger-moths, Arctia

Caja, according to Messrs. Kirby and Spence,*

ten times. A few hours before the change is

to take place the larva ceases to eat and remains

motionless, attached by its abdominal legs to

the under-surlace of the twig or leaf upon
which it has been feeding. Many species spin

a slight web or carpet of silk in which they

attach their posterior legs, as observed by Dr.
Pallas of Apatura tr<«,t and in this manner
await their change, which appears to be attended

with much uneasiness to the insect. The whole
body is wrinkled and contracted in length. In
the sphinx this contraction occurs to so great

an extent in some of the longitudinal muscles
of the anterior and middle part of the body
that the larva assumes that peculiar altitude

from whence the genus derives its name. In
this attitude the larva remains for several hours,

during which there are occasionally some
powerful contractions and twitchings of its

whole body, the skin becomes dry and shri-

velled, and is gradually separated from a new
but as yet very delicate one which has been
formed beneath it, and the three or four anterior

segments are greatly enlarged on their dorsal

but contracted on their under surface. After

several powerful efforts of the larva the old

skin cracks along the middle of the dorsal

surface of the second segment, and by repeated

efforts the fissure is extended into the first and
third segments, and the covering of the head
divides along the vertex and on each side of

the clypeus. The larva then gradually presses

itself through the opening, withdrawing first its

head and tlioracic legs, and subsequently the

remainder of its body, slipping off tiie skin

from behind like the finger of a glove. This

process, after the skin has once been ruptured,

seldom lasts more than a few minutes. When
first changed the larva is exceedingly delicate,

and its head, which does not increase in size

until it again changes its skin, is very Urge in

proportion to the rest of its body. In a few

liours the insect begins again to feed most
voraciously, particularly after it has entered its

last skin, when its growth is most rapid. Thus
a larva of Sphinx liguitri, which at its last

• Vol. i.

t Trans. Ent. Society, voL ii. put ii. p. 138.
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cliange weighed only about nineteen or twenty

grains, at tlie expiration of eiglit days when it

was full-grown weighed nearly one hundred
and twenty grains. Most larvae immediately

after changing their skins remove to fresh

plants, but some, as the larva; of a beautiful

moth, Episemti caruleocephutu, devour their old

skins almost immediately they are cast, and

soraelimes one another when deprived of food.

But it is not merely the external covering

which is thrown off during these changes ; tlie

whole internal lining of the alimentary canal

also comes away with the skin, as was formerly

noticed by Swammerdam,* and repeatedly ob-

served by ourselves and others. The lining of

ttie mouth and pharynx with that of the man-
dibles, is detached with the covering of the

head, and that of the large intestines with the

skin of the posterior part of the body, and
besides these also, the lining of the tracheal

tubes. The lining of the stomach itself, or that

portion of the alimentary canal which extends

from the termination of the oesophagus to the

insertion of the so called biliary vessels, is also

detached, and becomes completely disintegrated,

and appears to constitute part of the meconium
voided by the insect on assuming its Imago
state. Herold, however, has denied that this

change ever occurs in the alimentary canal, and
says that in the trachea it takes place only in the

larger stems. But Swammerdam states that he
saw it in the larva of the rhinoceros beetle,

Oryctes nuskornis, which shed both the lining

of the colon, and of the delicate as well as larger

branches of the tracheiE,t and BonnetJ had wit-

nessed a similar occurrence. Burmeister§ has

also seen it, both with respect to the colon and
tracheae, in some of the Libellula;, and we now
add our own testimony to the fact of its occurring,

not simply at the extremities of the canal, but
throughout its whole extent, as we have dis-

tinctly seen during the changes of the nettle-but-

terfly, Vnnesm urticce.\\ It is more distinctly

observed when the larva is changing into the

pupa state than at any other period, although

we believe that it really does take place at

every change of skin. Hence these changes

are of the greatest importance to the larvEE,

which often perish during their occurrence.

They are undergone by all larvae which possess

the true organs of locomotion, but it has been
questioned whether they are common also to

the apodal larva;, more particularly those which
constantly remain in the same locality until

they have changed into pupa; or nymphs.
Ileaumur and Hubei-H state that the larva of

the common hive-bee does not change its skin,

but only grows larger ; Swammerdam,** on the

contrary, asserts that it does, and also that he

• BibliaNat.

t Biblia Nat. p. 129, 134, 239, &c.

X Contemplation de la Nature, torn. ii. p. 48.

ft Manual of Entomology, (Trans.) 1836, p. 428.

11
Since these remarks were written, a paper by

Mr, .\shton upon this subject has been read at a
late meeting of the Kntomological Society, Nov. 5,
1838, in which the statements of Swammerdam
respecting these changes have been fully confirmed.

11 Kirby and Spence, Introduc, vol, iii," Biblia Nat. p. 163, a.

has observed the same thing in the alimentary

canal of tlie hornet.* Burmeisterf believes tlvat

it does not take place, and states positively

that the larva; of Diptera do not moult. We
have watched for these changes in tfie larvae of

the wild bee, Anthoplwra retttsa, but have been
unable to observe them, although we believe

tliey do really occur. But the universally ac-

knowledged accuracy of most of Swammer-
dam 's observations, supported as they are in this

instance by analogy, fully warrants us in con-

sidering this subject as still open for enquiry.

When a full-grown larva is preparing to

change into the pupa state it becomes exceed-

ingly restless, ceases to eat, and diminishes

much in weight. iVIany species spin for them-

selves a covering of silk, termed a coccoon,

or case, in which they await their transforma-

tion. Others prepare little cavities in the earth

and line them with silk for the same purpose,

(Jig. 363), and others suspend themselves by

Fig. 363.

Section of the coccoon or winter nidus of Athalia

ventifolicE, natural size and viagnijied. Newport,
Prise Essay.

their anal prolegs to the under surftice of a leaf.

In each of these instances this important change

takes place in the same manner. Before the

larva thus prepares itself for metamorphosis its

alimentary canal is completely evacuated of its

contents, its body, as at the previous changes of

skin, becomes dry and shrivelled, and much
contracted in length, and certain enlargements

at the sides of the anterior segments indicate

the now rapidly developing parts of the future

pupa. These changes take place in all insects

in a similar manner, but have been most fre-

quently watched in Lepidoptera, upon which
also our own observations have been made.
We have also observed the same changes in

llymenoptera. The larva of the sphinx, when
it is ready to undergo its changes, penetrates

the earth to the depth of a few inches, and
there forms for itself a little chamber, in which
it awaits its transformation. But the butterfly

either fastens itself by a little rope of silk,

carried across its thorax, to the under surface

of some object, as a ceiling, &c., or suspends

itself vertically by its prolegs, with its head
directed downwards, as is the case with tlie

common nettle butterfly, Vanessa urtim. We
have watched these changes with much care in

t

Ibid. p. 133, a.

Transl. p. 432.
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this insect, which frequently remains thus

suspendwl more than ten or twenty hours be-

fore the transformation takes place. During
this time the four anterior segments of the

larva become greatly enhu-ged, and the seg-

ments assume a curved direction, occasioned

by the contraction, or shortening of llie muscles

of the under surface of those segments, which

are repeatedly slowly extended and shortened,

as if the insect were in the act of laborious

respiration. This generally takes place at short

intervals during the two hours immediately pre-

ceding the change, and increases in frequency

as that period approaches. When the period

has arnved, the skin bursts along the dorsal

part of the third segment, or meso-lhorax, and
is extended along the second and fourth, while

the coverings of the head separate into three

pieces. The insect then exerts itself to the

utmost to extend the fissure along the segments

of the abdomen, and in the meantime pressing

its body through the opening gradually with-

draws its antennx and legs, while the skin, by
successive contortions of the abdomen, is slip-

ped backwards and forced towards the extre-

mity of the body, just as a person would slip

off his glove or his stocking. The efforts of tlie

insect to get entirely rid of it are then very

great ; it twirls itself in every direction in order

to burst the skin, and when it has exerted

itself in this manner for some time, twirls

itself swiftly, first in one direction, then in the

opposite, until at last the skin is broken through

and falls to the ground, or is forced to some
distance from it. The new pupa then hangs

for a few seconds at rest, but its change is not

yet completed. The legs and antennae, which
when withdrawn from the old skin were dis-

posed along the under surface of the body, are

yet separate, and do not adhere together as

tliey Jo a short time afterwards. Tlie wings are

also separate and very small. In a few seconds

tlie pupa makes several slow but powerful

respiratory efforts ; during which the abdominal

segments become more contracted along their

under surface, and the wings are much en-

larged and extended along the lateral inferior

surfiice of the body, while a very transparent

fluid which facilitated the slipping off of the

skin, is now diffused among the limbs, and
when the pupa becomes quiet dries, and unites

the whole into one compact covering.* Ex-
actly the same thing occurs in the changes of

the sphinx. The limbs at first are all separate,

each one inclosed in its distinct sheatli, but

within a very short period after the change they

become agglutinated together by the fluid

effused between them, and form the solid ex-

terior of the pui» case. Tlie body of the insect

is now divided into three distinct regions, head,

thorax, and abdomen. Tlie first step towards

this division is the contraction which takes place

in all the longitudinal and diagonal muscles of

the body, soon after the larva (Jig. .364) has ac-

quired its full size, by means of which each seg-

ment of the insect forms a slight intussusception,

the anterior margin of one segment being drawn

sn

Fig. 364.

-)m
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Sec also Entomologist's Text-book, p. 208.

Seclioa of larva of Sphinx Ugutiri ; 1 to 13, (donal

lurfatxjtegments; I to \2,(venlralnirfacejgangtia;

a, donal veuel ; b, itt lateral nttucfe ; c d, otophagMt

and tlomarh ; e, ilium ; f, hepatic veueU ; g, nrcum
coli ; A, colon and rectum ; i, tettil J

* * * lh)>racic

legt ; 1 1 1 abdominal legt, Newport, Phil. Trana.

under the posterior margin of the one which im-

mediately precedes it. This occurs in all the

segments which form the abdominal region of

the future moth, the nine posterior ones of the

larva. When the period of changing into the

pupa state has amved, a much greater shortening

takes place in tlie muscles of tlie fifth and sixth

segments, and in some insects this is carried to so

greatan extent that the whole body becomes con-

stricted in the fifth segment like an hour-glass,

and is thus divided into two distinct regions,

thorax and abdomen. The same change takes

place also in the muscles of the first and second

segment, by means of which the region of the

head is divided from that of the thorax (fg. 365).

These duplicatures of the external covering are

carried to a greater extent on the under surface

of the first four segments than on the upper,
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Fig. 366.

Section of pupa of sphinx Ugustri ; 1 to 13, dorsal

Korface, number of segments ; 1 to 12, ventral sur-

facef number and position of ganglia ; «, dorsal veS'

telf b, its lateral muscles i c d, (Esophagus and stO'

math I e, ilium
; f, ftepatic vessels ; g, colon ; h,

racfton; i, double testis; h, brain. Newport, Phil,

Trans.

and form the divisions between the legs of the

perfect insect,—the bony processes of the

sternal surface to which some of the principal

muscles are attached. On the upper surface

of the same segments they in like manner be-

come the phrugmuta, or bony partitions of the

dorsal surface. The fifth segment becomes al-

most entirely atrophied, and the sixth very

much shortened. A part of the fifth segment
forms a portion of the posterior sui'fece of the

thorax of the perfect insect, (fig. 366) while the

remainder constitutes the petiole or neck which
connects the abdomen with the thorax, the

sixth being the first true segment of the ab-
dominal region. Exactly the same changes
take place in Ilymenopterous insects, and in

every other species in which we have had
opportunities of watching them. We have
before alluded to the opinion of Dr. Ilatzeburg
that the head in Ilymenopterous insects is com-
posed of two segments of the larva, because
just before the change into the nymph or pupa
state a portion of the head is found beneath the
integuments of the second segment. The fact

is indisputable, but the explanation of it appears
to be this. The true head of the Ilymenopterous
larva consists of but one segment, which is

provided with the organs of manducation and
sensation the same as in the Lepidopterous.
But the head in this larva ceases to become
larger after a certain period, while the other
segments of the body continue to grow, and
ultimately acquire a diameter more than double
that of the head. Now the parts which 'are

to form the head of the future nymph continue

Section of perfect state. Sphinx ligustri ; letters and
figures aji in section ofpupa. Newport, Phil. Trans,

also to grow beneath the unyielding cranium,

from which, as the change approaches, they

become detached, and are gradually developed

backwards, and encroach upon the anterior

portion of the second segment. This, in ac-

cordance with the laws of development, as

established by Geoffrey St. Hilaire, that in

proportion as one part of an organized body is

mcreased beyond its ordinary size, the part

or parts in its immediate vicinity are in a cor-

responding degree arrested in their develop-

ment, becomes so much reduced, that in the

nymph, this second segment, which in the

larva is of the same size as the third and suc-

ceeding ones, has not half its original extent,

and being still further reduced in that state con-

stitutes at length the atrophied, and almost ob-

literated pro-thorax of the perfect insect. But
wliile the second segment is thus encroached

upon by the first it is in like manner encroached

upon from behind by the third, the immense
vieso-thorax, which supports the chief organs

of flight in the perfect insect. The fourth

segment from the same cause is developed

backwards, and tlie fifth, diminished to a very

small size, exists only as in the sphinx as the

petiole which connects the thorax with the

abdomen, thus leaving the nine posterior seg-

ments of the larva to the latter region, as stated

when alluding more particularly to the number
of segments in hymenopterous larva;. The
necessity for this additional segment in the

abdomen of these larvae is a matter of much
interest, and appears to be connected with tlie

development of an apparentlj/ additional organ
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in the females of this class, a circumstance
to which we shall return in our description

of the skeleton of the perfect insect.

The Pui>a.—We have seen that after leaving

the larva or feeding condition, the insect as-

sumes one of a very diflerent form, which is

called the pupa, nymph, aurdia, or chrysalis

state. The two latter terms were applied by
the older entomologists to this stage of transfor-

mation in butterflies and moths. The term aure-
lia was used, as expressive of the beautiful gol-

den colours or spots with which many species are

adorned, as Vanessa urticte, v. atalanta, and
others. The term chrysalis had a similar sig-

nification. Linnsus, desirous of employing a
term that would be applicable to this stage of
transformation in all insects, adopted that of
pupa, because in a large majority of the class

the insect is as it were swathed (Jig. 367) or

Fig. 367.

Pupa of Deilephila Klperwr. Etejthant hawf^moth,

bound up, as was formerly the practice of

swathing children. This kind of pupa, in

which the future limbs are seen on the out-

side of the case, is called obteeled. The term

nymph, which is sometimes employed, is

applicable only to those species in which the

limbs remain free, but are folded up, as in

the pupae of tlie butterfly and moth, and are

not covered with a liard uniform case ; as in

many Coleopterous and most Hymenopterous
insects 0g. 368). When tlie pupa is in-

Tig. 368.

Nymph or pupa state of Veupa crabo.

Maynified.

Hornet.

closed in a smooth uniform case, but no signs

of the limbs or otiier parts of the body are

visible, as in Diptera, it is called coarctale.

In these insects the skin of the larva is not

cast off at the period of changing, but becomes
the covering or coccoon of the included pupa,

which is also inclosed in its own pro|)er skin

within it. In all insects which undergo a com-
plete metamorphosis, this is the period of quies-

cence and entire abstinence. Many species

remain in this state during the greatest part

of their existence, particularly the true pupte

of moths and sphinges, which ohea continue

in it for nearly nine months of the whole
year. But in most of those insects which as-

sume the particular condition of nymph, in

which the body remains soft and delicate, as

the hornets, ants, and bees, the pupa state is

the shortest period of existence, being often

scarcely more than a week or ten days. In
every species the length of this period is much
afiected by the influence of external circum-

stances. Thus if the larva of the common net-

tle-butterfly, Vanessa urlica, change to a chry-

salis in the hottest part of the summer, it will

often, as we have found, be developed into the

perfect insect in eight or nine days ;* whilst if

Its change into the chrysalis takes place at

the beginning of summer, it is fourteen days
before the perfect insect appears ; and if it en-

ters the chrysalis state at the end of summer, it

remains in that condition through the winter

until the following spring. On the otlier hand,

as was proved by Reaumur, if the chrysalis \>e

placed in an ice-house, its development into

the perfect insect may be retarded for two or

three years. Again, if the chrysalis be taken in

the midst of winter into a hot-house, it is deve-

loped into the perfect insect in from ten to

fourteen days. This period of quiescence is

absolutely necessary in all those species which
undergo an entire change of form and habits,

for the completion of those structural metamor-
phoses by which the creature is not only adapted
to the performance of new functions, but is

equally incapacitated for the continuance of
some of those which it has previously enjoyed.

During this period it is that new parts are deve-

loped, and the insect's mode of life is in conse-

quence entirely changed. Whilst these altera-

tions are taking place in the organic structures,

the functions of the organs themselves are in a
great measure suspended, and the condition of

the insect becomes tliat of the hybemating ani-

mal. Respiration and circulation are reduced

to their minimum,-)- and the cutaneous expendi-

ture of the body is then almost unappreciable

even by the most delicate tests.| Thus a pupa
of SphiTuv liguslri, which in the month of Au-
gust, immediately after its transformation,

weighed 71.1 grains, in the month of April fol-

lowing weighed 67.4 grains, having thus lost

only 3.7 grains in the long period of nearly

eight months of entire abstinence. The whole
of this expenditure, therefore, had passed off

• Phil. Trans. 1834, part 2, p. 416.

t Phil. Trans. 1836, part 2, pp. 535-6.

t Hem. 1U37, part 2, p. 323.
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by the cutaneous and respiratory surfaces. But
wlien the changes in tlie internal structures are

nearly completed, and the perfect insect is soon
to be developed, the respiration of the pupa is

greatly increased, and the gaseous expenditure

of its body is augmented in the ratio of the

volume of its respiration, which is greatest the

nearer the period of development. Thus in the

same insect in which the diminution of weight
was so trifling during eight months' quiescence

and abstinence, it amounted in the succeeding

fifty-one days to nearly half the original weight
of the pupa, since the perfect insect, imme-
diately after its appearance on the 24th of May,
weighed only thirty-six grains.

This increased activity of function is attended

with a correspondent alteration in the general

appearance of the pupa. In the sphinx all the

parts of the future Imago become more and
more apparent on the exterior of the pupa case,

the divisions into head, thorax, and abdomen
are more distinctly marked, the eyes, the an-
tennas, and the limbs appear as if swollen and
ready to burst their envelope, and the pupa
gives signs of increasing activity by frequent

and vigorous contortions of its abdominal seg-

ments. The naked pupa or nymph, in which,
as we have seen, all the parts of the body are

free, and encased only in a very delicate mem-
brane, acquires a darker colouring and a firmer

texture, while the species which undergo their

metamorphoses into nymphs in the water, Tri-
choptera, the caddis-flies, acquire a power of lo-

comotion as the period of their full develop-
ment approaches, to enable them to creep up
the stems of plants, and leave that medium in

which it is impossible for them to exist as per-

fect insects.

In every instance the assumption of the per-
fect state is accompanied by a slipping off of
the external covering. Before this can be ef-

fected, many Lepidoptera, like the Trichoptera,
have first to remove themselves from the locality

in which they have undergone their previous
metamorphoses. When this happens to be in

the interior of the trunks of trees, or in other
situations from which it is difficult to escape,
the abdominal segments of the pupa are often
beset with minute hooks (fig. 367), similar to
those on the feet of the larva. By means of
these, by alternately contracting and extending
its abdominal segment*, the pupa is enabled to

force an opening through its silken coccoon, or
to move itself along until it has overcome the
obstacles which might oppose its escape as a
perfect insect.

T/ie imago or perfect state.—Immediately
after the insect has burst from the pupa case it

suspends itself in a vertical position with its

new organs, the wings, somewhat depending,
and makes several powerful respiratory eflbrts.

At each respiration the wings become more and
more enlarged by the expansion and extension
of the tracheal vessels within them, accompa-
nied by the circulatory fluids. When these
organs have acquired their full development
the insect remains at rest for a few hours and
gains strength, and the exterior of the body be-
comes hardened and consolidated, and forms,

what we shall presently consider, the Dermo-
skekton. This is what takes place in Lepidop-
terous insects. Some of the C'oleoptera, as in

the instance of MeLolontlia vulgaris, the com-
mon chaffer-beetle, remain for a greater length

of time in their nidi before they come abroad
after entering the imago state. This is also the

case with the Humble-bees. When these in-

sects first come from their cells they are exceed-
ingly feeble, their bodies are soft, and covered
with moisture, their thick coating of hairs has

not acquired its proper colour, but is of a gray-

ish white, and they are exceedingly susceptible

of diminished warmth. They crowd every

where among the cells, and among other bees,

where there is most warmth. In a few hours
this great susceptibility is diminished, and their

bodies acquire their proper colours, but they

do not become sufficiently strong to be capable

of great muscular exertion, and undertake the

labours of the nest until the following day.

When an insect has once entered its perfect

state, it is believed to undergo no further meta-
morphosis or cliange of covering. But there

exists an apparent exception to this general law
in the Ep/iemerida, which are noted for the

shortness of their existence in the imago state.

When these insects have crept out of the water,

and rid themselves of the pupa covering, and
their wings have become expanded, they soon
take flight, but their first movements in the air

are performed with some difficulty, and they

shortly alight again and throw off a very deli-

cate membrane with which every part of the

body has been covered, and then resume their

flight with increased activity. The condition

of the insect previously to this final change has

been called by Mr. Curtis the pseudimago state.

It was noticed long ago by Swammerdam, and
has usually been tliought to be peculiar to tlie

Ephemeridte, but occurs also in the Lepidoptera

and Diplera* but in them takes place at the

same time with the change from the pupa state.

Swammerdam thought the change peculiar to

the males of the Ephemeridte, but Mr. West-
wood has seen it also in the females.

Many insects, of which the Ephetner'uhe and
Bombycida: are known examples, take no food

in the perfect state, and exist only for a few
hours, or at most only a few days, the business

of life being almost entirely devoted to the pro-

pagation of the species. In every instance of
the entire abstinence of a species in the perfect

state there is a corresponding atrophy of the

parts of the mouth. This we shall find is the

case in the Ephemera, in the gad-fly, (JEstrm,

and in the silk-worm moth. In the latter in-

stance the parts of the mouth are simply so

much diminished in size as to be unfitted for

taking food; in the former they have almost

disappeared. On the other hand, when the life

of the imago is continued for a long period, all

the parts of the mouth are fully developed.

The duration of life in these species often ex-

tends for many weeks, or in some even months,
and the quantity of food taken is consequently

greater than is taken by the larva. In those

* Westwood's IntroductioD, &c. vol. ii. p. 28.



INSECTA. 881

instances in which the life of the imago is ex-
tended beyond the usual period, it apfiears to

result from one of the i^reat ohjecis of existence

being unaccomplished; the insect is always in

a state of celibacy, in which condition the life

of an ephemera may be extended to several

days, and perhaps even to two or three weeks.*

1. Dermit-sketeton.—The skeleton of insects

is formed of a modification of the external

coverings of the body, together with certain

ossified portions situated within the head and
lliorax, to which some of the most important
muscles are attached. Hence it is called a
dirmo-skeletott. The true organs of support are

thus placed on the exterior instead of the inte-

rior of the body, and the solid skeleton, impact-
ing the whole, as it were, in a coat of mail, gives

additional strength to the delicate limbs by
affording a larger sur&ce for the attachment of
muscles, while it more securely protects the

bodies of tliese diminutive, but exquisitely

formed little creatures, from the injuries to

which they are constantly exposed. Thus, then,

in the strength and position of the skeleton, in-

sects have as striking afbnities with the Chelo-
nian Reptiles as they have, as we shall hereafter

see, with Birds in the extent, distribution, and
activity of their respiratory organs; and with
the hibernating Mammalia in their maintaining

an elevated temperature of body only when in a
stale of activity. Some naturalists, however,
have contended that the analogies which were
traced, first by our illustrious countryman
\Villis in the year 1692, and subsequently
by Geoflroy St. llilaire and otiier comparative
anatomists, between the dermo-skeleton of in-

sects and the properskeleton of vcrtebrated ani-

mals, are incoirect, and that the structure ought
rather to be regarded as Oie analogue of the

skin than as that of the osseous system, and
hence they have compared it only with the

nails, honis, and other appendages of the epi-

dermis. These objections receive additional

weight and importance from the circumstance
that one set of organs, the elytra, which form
part of the hardened coverings, are actually de-
rived from the respiratory structures. But it may
l)e remarked in reply, that the skeleton of in-

sects, both in its office and ultimate composition,

resembles more the bones of Chelonian lleptiles,

which, like it, are covered with a tliin cuticular

lamella, and placed on the exterior of the body,
than the true skin or the epidermis. Hence we
shall continue to regard and describe it as sub-
servient to the same purposes in these diminu-
tive creatures as the osseous system in vcrtebrata.

This view of its real nature is justified, as we
shall presently see, by analyses of its chemical

constituents. The peculiar characteristic of

bony structure is the presence of a large propor-

tion of a (articular kind of earthy matter, and
this is also one of the great characteristics of the

coverings of insects, which become consolidated

during the changes, by the deposition of a quan-
tity of the same kind of earthy matter within

them. But we cannot regard the coverings thus

formed as merely exsiccated non-vascular struc-

• Op. cit. p. 27.

tiires ; on the contrary, we believe them to be
nourished by the circulatory fluids, perhaps to

as great an extent as the external skeleton of
Chelonia. In support of this opinion it may be
remarked that those internal processes which
exist in the perfect state, and are developed
during the metamorphoses from duplicatures of
the external tegument, perform most important

offices in the body as organs of support and
attachment for powerful muscles. It can hardly

be imagined that these internal processes are

not nourished by the circulatory fluids like the

muscles that are attached to them, while it is well

known that every part of the external covering is

penetrated by ramifications of the air-vessels, the

course of which in the wings has recently been
shown to be always indicative of the pa.ssages

along which the blood circulates.* Hence it

is fair to infer that every part of the animal sup-
plied with trachea; is also nourished by the cir-

culatory fluid, as well in the exterior skeleton of
the thorax and abdomen as in the hardened elytra

and wings, in which the presence of the fluid

has been actually detected by its movements.
Chemical composition.—The peculiar sub-

stance that constitutes the hard portion of the

dermo-skeleton is called chiline by Odier, and
entomoline by Lassaigne. The most generally

received name is chitine. M. Odier, who first

analysed the coverings of insects, and disco-

vered this 3ubstance,t found that it constitutes

about one-fourth part of their whole weight,

and that the remaining three parts consist of
albumen, extractive matter soluble in water, a
coloured oil soluble in alcohol, and a brown
animal substance soluble in potass, but insolu-

ble in alcohol. The latter substance, which
exists in considerable quantity, was found by
Lassaigne to be analogous to the peculiar ani-

mal matter of cochineal, coccine, and that it

forms the basis of the colouring matter of the

skeleton. The composition of chitine has been
differently stated by chemists, but by all it has
been shown to be perfectly distinct from horn,

the nails, and other appendages of the epidermis,

in being quite insoluble in a hot solution of
caustic potass, and in not fusing or swelling up
like horn when burnt at a red heat, but leaving

a white ash, which retains the original form of
the part. This suflnciently proves that the co-

verings of insects cannot properly be compared
with the mere epidermis or its appendages.
According to Odier, chitine is obtained by di-

gesting the hard parts of the skeleton in a hot

solution of caustic potass, renewed several

times, until it has ceased to have any action

upon them. The solution, by removing the

colouring matter and other constituents, be-

comes of a deep brown, and leaves the chitine

nearly as trans[>arcnt as horn, without any
change of form. This substance, as we have
before stated, constitutes about one-third or

fourth of the weight of the whole skeleton, and
was believed by Odier to contain no nitrogen,

* Bowort^ank, Observations on the circulation of
blood and the distribution of the trachea; in the wing
of Chrysopa perla. Knt. Mag. No. 17, Oct. 1836.

t Mcmoircs de la Societe d'Hitt. Natur. de Paris,

turn. i. Zaological Journal, vol, i. p. 101 , Mar. 1824.

3 M



882 INSECTA.

on which account it was compared by him to dergofng their metamorphoses, and a like con-

lignin, tlie basis of woody fibre. He believed dition in other articulata, is opposed to this

also that it contains no carbonate of lime, the opinion. To this we reply, that in all true in-

earthy salts being chiefly phosphate of lime, sects exuviation of the skeleton takes place

with carbonate of potass and a lillle phosphate only durmg the growth and metamorphoses of

of iron. Mr. Children, however, by a more the individual, and that when these are com-
careful and different mode of analysis, proved pleted, and the insect has arrived at its adult

that chitine is composed of carbon, hydrogen, condition, when its body no longer continues to

nitrogen, and oxygen. In about the following be enlarged, the then perfecl skeleton is per-

proportions, the mean which we have deduced sistent throughout the remainder of life, which,

from his details of two careful analyses

:

as in the hive-bee, may continue for many
Gr«. months, and under some circumstances, as has

Carbon 46.08 been known among the Coleoptera, even for

Hydrogen 5.96 two or three years. The exuviation of the ske-

Nitrogen 10.29 leton of Crustacea, which are said to continue

Oxygen 37.4

1

to grow throughout the whole period of their

existence, is similar to that of insects, and per-

99.74 haps in both is induced, not alone, as usually

supposed, by the mere incasement of the animal

and that, in addition to the earthy salts men- in a covering which prevents the further growth

tioned by Odier, there are also small propor- of its body, but by changes in tlie actual con-

tions of silica and magnesia, and a slight trace dition of the skeleton itself, deiiendent upon
of manganese ; and it has since been stated the same laws of existence which regulate the

that there is likewise a trace of carbonate of removal of the old and the deposition of new
lime.* Some authors still imagme that chitine matter in the bones and other structures of the

contains no nitrogen ;-!• but in the careful expe- vertebrata.

riments of Mr. Children, who was assisted by Of the manner in which chitine is deposited

Professor Daniell,| the formation of prussic in insects we have no direct information,

acid, which took place during the analysis, was Latreille considers it to be a solidification in the

decisive of the fact of its existence. mucous tissue, and Dr. Grant atfirms it to be

Thus, then, in the distinctness of its chemical a deposition upon the true skin. This appears

composition from that of horn and other dermal also to have been the opinion of Odier, who
appendages, and in its similarity to that of true found chitine in theexuviable skeleton of Crus-

bone, in the greater proportion of its earthy tacea, in which he says it exists in the form of

matter being phosphate of lime, may we not lamellae.* In whatever form it is deposited, it

venture to infer that chitine, the basis of the is intimately connected with the true corium,

insect skeleton, is intermediate in its chemical into the composition of which it appears to

condition between the ossific and dermal struc- enter. It is covered by the colouring matter,

tures ; or, in other words, is an imperfectly de- and also with a distinct epidermis like the

veloped condition of bony matter, so modified horny cuticle on the carapace of Chelonia. On
that, while it is subservient to the great purpose comparing the experiments of M. Odier and
of animal life, in affording strength and solidity Mr. Children the quantity of chitine appears to

to the parts in which it exists, it at the same vary a little in different insects.f A curious

time admits of their j)erforming all the organic circumstance mentioned also by Odier is that

functions of the true skin ? it appears to enter into the coniposition of the

If such be not the case, it will be difficult tracheae of the wings, but not into that of their

satisfactorily to account for the solidification of connecting membranes. If this be the case, it

those internal processes which, in insects, occupy is a further proof that the skeleton ought no« to

the position and perform the office of the true be compared to the epidermal appendages of
bones in vertebrata, but which are originally deri- vertebrata.

ved from the external teguments. Thus we shall The skeleton consists of thirteen distinct seg-

find that in the cranium of some of the Coleop- ments, which are believed to be its normal

tera, the most perfect insects, the cerebral gan- number in all insects. But recent observations

glia are protected on either side by more or less on the larvae of Hymenoptera and Diptera,

perfectly developed lamina of this bone-like before alluded to, render it probable that this is

structure ; that the first suboesophageal ganglion not the full amount, and that the number is at

actually lies in a cradle of the siime, and that least fourteen, at all events in some species,

the nervous cord itself, before passing out of Mr. Westwood has already shown this to be

the cranium, is not only protected laterally by the case in Hymenoptera, and that in the per-

continuations of these laminae, but is often in- feet state of VorficuUi\ there are thirteen dis-

closed in a distinct bony ring. But it may be tinct segments in the male, and, also in a
said that the exuviation of the coverings of in- rudimentary state, in the female, besides the

sects during the early period of life, when un- anal forceps. We have ourselves invariably

found fourteen in the apodal larva; of Hymen-
" Professor Owen's Lectures at the Royal Col- optera and in some of the Diptera ; but we

lege of Surgeons, May 18.37.

t Professor Grant, Laiicei, Dpc. 7, 1833, p. 393.
Burmeistpf, Manual of Eatomology, (translation.) * Zoological Journal, vol. i. March, 1824, p. 108.

1836, p. 2:10. Op. cit.

X Kuological Jouroa], March 1824, p. US. } Tram, Ent. Society, vol. i, p. 157, et leq.
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were not prepared to meet whli anytliing like

an approacli to the same numl)er in a iKirfitt

insect. In tlie female of the Gryllotnlpa
vulgurii we have found nine distinct segments
in the abdomen, besides the post-scutelluni,

which resembles a tenth one in a rudimen-
tary condition on tlie dorsal surface between
the meta-thonix and base of the abdomen. In
llie male of the same species there are also nine

distinct segments, but the penultimate and
ante-penultimate are in a rudimentary con-

dition, corresponding to those in the female

Forficula. The post-scutellum at the l>ase of

the mcta-thorax is as much developed as in

llie female, and is very distinct as a portion

of the meta-thomx. V\e have also found
the same number in a foreign species, Gryl-
lolat/Mi didaett/la. Tlie similarity in tlie num-
ber of segments thus appears to connect the

Gri/lloldl/ite with the i\>rjicul<e. lliese va-

riations in perfect insects lead us to hesitate

in admitting thirteen to be the normal number
of segments, es|)ecially as we shall presently

endeavour to show that the head itself is com-
posed of more than one. The varied forms of
tlie body in the different classes are entirely

dependent upon the extent to which these

primary segments are developed, whatever be
tJieir true numl)er, and chiefly uj)on the greater

or less development of parts of the first four seg-

ments. But whether the changes in these seg-

ments be greater or less, they are always in

reference to the habits or economy of the indi-

dividual. Thus in the Coleoptera and Ortliop-

tera the parts of the mouth are nearly equally

develo|>ed, and are admirably fitted for all the

purposes of manducation. In the Lepidoptera

some of these parts are developed to their

greatest possible extent, the consequence of

which is that the neighbouring parts becomeatro-
phied, and leave scarcely a trace of their former

existence. Tliis is the case with the mandibles

and lips, the most conspicuous ixirts of the

mouth in the larvx of this order, in the imago
the maxillae are greatly elongated, and altered in

shape, to form a flexible tube, because the per-

fect insects are destined to take their food in a

liquid state, and because still further, the food

is produced in situations where it would be in-

accessible to the insect, were the mouth of the

same form as in tliose the food of which re-

quires to be comminuted by the jaws, before it

is passed into the stomach.* Tlien again in the

same segment in which the oral organs are

nearly equally developed, other parts are often

enlarged, and in like manner encroach upon
those which are in immediate connexion with

them. In the ra[)acious Neuroptera which
obtain tlieir food solely by means of the organs

of vision, and are constantly hawking in search

of it in the brightest light, the cornea of the

eyes are expanded over nearly two-thirds of the

whole surface of the head, and in consequence
reduce to their minimum of development those

parts which are most conspicuous in the head
of Coleoptera, which usually obtain their food

* See Newman on the External Asatony «f
Insects, p. 13.

by the aid of other tenses. The causes which

regulate the development of tlie segments of the

thorax are exactly those which influence the

development of the head. In the mole-cricket,

which burrows in the earth for its food, the

second segment, or pro-thorax, with its ap-

pendages the anterior extremities, is enlarged

to its greatest extent, because it is necessary

that nearly the whole strength of the insect

should be concentrated in this segment, to

enable it to dig its way with ease and rapidity

tlirough a resisting medium, while tlie third

and fourth segments, which bear the organs of

flight, in this species of minor importance, are

smaller than in most other insects. In the

Coleoptera, Geotrupida, which not only

burrow in the earth, but require to be trans-

ported from place to place in quest of food,

the pro-lhoracic, and the wing-bearing meta-

thoracic segments are largely developed, and
form a great proportion of the body, and the

intermediate segment, the meso-thoracic, en-

croached upon by both, is almost atrophied

between them. On the other hand, in the Hy-
menoptera, Lepidoptera, and Diptera, in which

the principal organs of locomotion are the

anterior wings, the meso-thoracic segment is

enormously enlarged, and the pro-thorax and

meta-tliorax are reduced to a sire of compara-

tive insignificance.

These important modifications of structure,

by means of which every part of the body is

beautifully adapted to the habits and wants of

the individual, and the insect itself becomes an

agent employed by nature to work certain

necessary effects on other parts of Creation, are

accomplished during the metamorphoses by cer-

tain changes in the form of parts of the external

teguments. By this means many insects which in

their naked larva condition scarcely at all differ

in their general external appearance, are made
to assume forms, when they have undergone

their metamorphoses, so totally distinct from

each oUier as to be instantly recognisable by the

most unpractised observer. The primary divi-

sion ofthe body into segments is eflected simply

by a duplicature of the external covering. ()ne

margin of the fold is carried over the other, and

a simple telescope articulation is produced.

In this way the body of the larva in its earliest

condition is first divided into its normal num-
ber of segments, and by a continuation of the

same process, as we have before shown, into

distinct regions.

The articulations of the limbs and organs of

manducation are as much the result of changes

in the form of the external surface as the divi-

sion of die body into segments or regions.

The folding, tlie intussusception, the depression,

or the extension of certain portions of the inte-

gument, when solidified, at the completion of

the metamorphoses, serve all the offices, and

become parts of the diflerent kinds of articula-

tions, which in principle are precisely similar

in insects to some of the more important ones in

the Vertebrata. In the simple approximation of

two surfaces, completely solidified, and allowing

of no motion between them, we discover the

conunon $utural connexion of some of llie

3u 2
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bones in man. An instance of this occurs in

the upijcr surface of llie cranium of every insect,

in the union of the cljpeus posterior with tlie

epicranium. In another duplicature, one sur-

face of which is rendered concave, and tlie cor-

responding one opposed to it convex, and
allowing of motion between them almost

wholly in one plane, we perceive the true

giitglr/muid or hinge-like articulation ; while

the small intervening portion of tegument, by
means of which the margins of these surfaces

are connected, becomes thinned and atrophied,

and forms their proper connecting ligament.

Instances of this kind of articulation occur also

in the head of most insects in the articulation

of the mandibles with the cranium, as well as

in the limbs of almost every species. Again,
when a portion of the tegument which covers

the developing organs of locomotion becomes
constricted at the base of the organ, that surface

of the duplicature which is nearest the body
forms a hollow or cup-shaped cavity, into

which the other surface of the duplicature,

rendered convex, is inserted, and in this way
a true enarthrodiul or cotyloid articulation is

developed, the connecting ligament between
the two surfaces forming the mternal ligament
of the joint, which is thus rendered capable
of most extensive rotation. The ligament thus
formed in every instance is hollow, to allow a
passage for the muscles and other structures

of the limb. Examples of this kind of articu-

lation occur in the coxob or basial joints of the
legs, in the Cerambycide: and Curcutionidtc.

Lastly, where the tegument is simply reflected

upon itself, and a sliding motion allowed of,

we have the simple sqtunmtus articulation. In
all cases the development of one portion of tegu-
ment takes placeat the expense of another, as in

the development of the segments themselves,
and not by the introduction of a new element
in the composition of the part. In this manner,
in accordance witli die law of centripetal devt-
lopvient as pointed out by M. Serres in the
vertebrated classes, every part of the body is

formed in the so-called invertebrated.

We thus recognise four distinct kinds of
articulation, although several more have been
described by Straus-Durckheim in his excellent
work on Melolontha,* but all of tliem appear
to be reducible to tliese primary ones.

These principles will enable us to understand
the cause of the presence or absence of those
structures which form the internal skeleton, and
also the manner in which tlie limbs of the
imago are developed from the soft and uniform
body of the naked larva. They may also tend
to elucidate one of those hidden and mysterious
processes of nature by which the exterior orga-
nization of the queen or female inmate of the hi ve
is caused so materially to ditfer from that of the
so-called neuter or sterile female, influenced as
it is said to be in its whole system by the difie-

rent quality of the food supplied to the larva
during the first few hours of its existence.

According to the investigations of the most
careful observers, Savigny, Audouin, Mac-

' Considerations, &c. p. 48 ct seq.

leay, Kirby, Carus, Straus-Durckheim, New-
man, and others, every segment of the perfect

insect is made up of distinct parts, not

always separable from each other or developed

to the same extent, but existing primarily in all.

It is also believed that the head itself is formed

of two or more segments, but the exact number
which enter into its composition is yet a ques-

tion. So uncertain are the opinions held upon
this subject, that while Burmeister recognizes

only two segments, Carus and Audouin believe

there are three, Macleay and Newman four,

and Straus-Durckheim, even so many as seven.

These different conclusions of the most able in-

vestigators appear to have arisen chiefly from too

exclusive examinations of the head in perfect

insects, without reference to the corresponding

parts in the larvae. It is only by comparing the

distinctly indicated parts of the head in the per-

fect insect with similar ones in the larva that we
can hope to ascertain the exact number of seg-

ments of which it is composed. In the head of

the perfect insect there ought to be found some
traces of all the segments which exist in the

larvsE of the same species, and in that of the

more perfectly developed larva; that undergo a

true metamorphosis, there ought in like manner
to be found the rudiments of all the segments in

the least perfectly developed. Now the com-
mon larva of the Dipterous insect, the maggot
of the flesh-fly, is one of the lowest forms we
have yet examined, and we have already seen

that its head appears to be formed of four, and
perhaps even of five segments. This is the

greatest number yet noticed in the head of the

larva of any species. If, therefore, we can

trace the like number in the head of a perfect

insect, we may fairly conclude that this is the

normal number of segments throughout the

class. Tlie head of the great water-beetle.

Hydrous piceus, is remarkably well-fitted for

exemplifying the number of segments of which

the head is originally composed, the remains

of four of the segments being distinctly marked

;

and it also affords us a proof of the correctness

of the opinions advanced by Savigny and others,

that the organs of manducation are the proper

articulated members of distinct segments, and
are perfectly analogous to the proper organs of

locomotion.

We shall first describe the parts of which

the head is comi)Osed, and then endeavour to

explain the manner in which these parts have

been develo]5ed from separate segments to form

the perfect cranium and its appendages. It

has hitherto been customary with naturalists to

designate the head the first segment of the

body, and as every change in the nomenclature

of a distinct part ought always to be avoided,

unless positively required, through fear of

creating confusion, wc shall not deviate on the

present occasion from the established mode,
but when speaking of it as a whole shall con-

sider it the first segment, while the aggregation

of segments of which it is composed we shall

designate individually sub-segments, distin-

guishing them numerically in the order in

which they appear to exist in the earUest con-

dition of the foetal larva.
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TABLE OF TIIE PARTS AND APPENDAGES OF THE HEAD.
Fixed p<irts of the head—external surface.

(a) occiput, including tixej'oriimen occipitate and base of the skull, and forming part of

6, epicranium vertex, Kirby epicrilne, Straus.

{b 1) oceUi stenimata.

c, oculi combes, Straus.

d, clypeus anterior . . . . ) nasus, Kirby chaperon, Straus.

rf,*c!ypeus posterior.... j clypeus, Fabricius

n, gula, Kirby piice basilaire, Straus.

e, labrum

J) maiidibulae

Moveable parts of the head.

maxilla:,

into ...

divided

SI,

ligula, Newman; 1

k the labial nalni.

(, mentum, Macleay;
m, submentum .. . st

1, cardo, Kirby branche transversale, Straus, insertio, Newman
2, stipes, Kirby pitce dorsale, Straus; maxilla, Newman
3, palpifer, JVcwman . .squame palpifer, S/raiu. bears

4, the maxillary palpus, A.

6, lacinia, Macleay, Newman ; intermaxillaire, Straus, divided into

—

6, galea, Fabricius ; lobus superior, Kirby.

T, lobus inferior, Kirby.

8, unguis, Kirby.

ligula, Newman; labium, Macleay.

12, lingua, Newman,

submentum

.hypopharynx, Savigny

ay; labium, Newman \ pibce prebasi-

stipes, Macleay ; insertio, Newman ) laire, Straus.

A, antenos

,

C scapus

< peaicella

i. clavola.

Ila. I
I. J

Kirby.

Sub-segments of the head.

1st includes labrum and labium.

2d includes clypeus anterior and mentum ....

3d includes clypeus posterior and s\ibmentura

4th, obsolete, orbits and bones of the aotennx

5th includes epicranium and gula

The above table exhibits the whole of the

parts yet found in the cranium in the most
perfect order of Insects, the Coleoptera; but it

must be remembered that many of these parts

are less perfectly developed in the other Orders,

and in some of the species have not yet been
discovered.

Commencing our examination of the head
at the jwsterior part of its upper surface, we
obser\e that the occiput (a. Jig. 369^ is that

portion of its base which is articulated with
tlie anterior margins of the prothorax. It is

perforated by a large foramen, throuijli which
the orjraiis of tlie head are connected with
those of the body. It is very distinct in the

IlydriJus and most Coleoptera, and in some,
tlie Stuphylinidic, Carabida, and Sitphida, is

constricted, and extended backwards so as to

brra a complete neck; but in others, as in the

\
^urcultoniate, it is short and hardly distin-

lishable from the epicranium (ft), of which it

- the continuation and posterior boundary.

Interior of the head.

( OS epipharyngeum,
'

) OS hypopliaryngeum anterius.

OS hypopharyngeum posterius, x.

t laminae orbitales, w; and ossicula antenna-
'

i rum or toruli, r.

Ssutura
epicranii, j>.

OS transversum, x.

laminae squamosae, ( and v ; lames laterales,

Straus.

tentorium, Burmeisler, u; arcade, Straus.

The epicranium is the whole of the posterior

and upper surface of the head, bounded pos-

teriorly by the occiput, laterally by the comeje

and sides of the gula, and anteriorly by a tri-

angular suture which extends from the anterior

margin of the cornea; to the middle of the

head between the eyes, where its apex unites

with a longitudinal suture which extends along

the median line to the occiput. This tnan-

gutar suture is a marked character in the head

of many insects, both in the, larva and perfect

state, and is of great importance in deter-

mining the number of the sub-ugments. It is

very distinct in the larva of Lcpidoptera, and

is as marked in the MeloUmthida and the

Staphylinid<e as in the Hydrous. In some of

the beetles it is indistinctly marked on the

upper surface, but forms elevated ridges on tha

interior surface. This is particularly the case

in the Hydrous. In the Dyticiis it is more
distinctly marked by a lightar colour of the

skull, while in the common dung-beetles, Get-
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Bxternai mperior arul inferior ettrJaCB of the Ararf of
Hydrous piceta,

A, antenna ; a, occiput ; fc, epicranium ; c, ocw-

li ; d, ctypeiis anterior ; e,

gf maxilla j h, its palpus;
labrum ; /, mandibles

;

ligula ; A, labial pal-

pus j\lf mentnm ; m, submentum ; n, gula ; o, man*
dibalar ridge.

trupida, its existence is indicated by a slightly

elevated ridge. This suture divides the epi-

cranium from the posterior portion of the cly-

peus (d), the most conspicuous portion of the

head. The proper boundaries of this part

have been ascertained with tolerable precision

in Coleoptera, but do not appear to have been

liaced correctly in some of the other orders,

particularly in Orthoptera. The cfypeus or

shield, in Coleoptera, is that broad cover of the

anterior surface of the head, bounded poste-

riorly by the epicranium and anteriorly by the

labrum, with which it is freely articulated. It

is the part called by Mr. Kirby the nose, and
by Straus Durckheim chaperon. It appears

originally to be formed of two portions, which

we have called clypeus anterior and posterior,

and which are completely united in some fami-

lies, as in the Lamellicomes, without trace of

their previous distinction, but in others with

slight traces of their former separation, as in

Hi/druus, while both parts are distinctly articu-

lated in some of the Vifticida, in which its ante-

rior portion appears to be moveable, and has pro-

bably been mistaken for the whole clypeus, as

has been the case in Orthoptera.* In some
species the shield is curiously excavated, tuber-

culated, or armed with a long horn, as in Copris,

TyuhmtSjOnADynastes, (fig. 333,) oris minute

• Newman, p. 9.

and inconspieuons as in the Cantharidn. The

original division of the shield into two por-

tions in llydruus appears to be indicated by

two rough excavations situated between the

triangular suture, its posterior boundary, and

the anterior lip. The labrum or upper lip (e)

is the most anterior portion of the upper sar-

fece of the head, bounded only on its posteriof

margin by the clypeus. It is usually a narrow

transverse piece which has been confounded by

some writers, particularly by Fabricius, with

the clypeus. In some families, Scarabaide

and Lucunide, it is very minute, but, as re-

marked by Mr. Newman,* cannot be consi-

dered to be in any case entirely wanting, as

was supposed by Olivier. In those cases in

which it appears to be absent it is concealed

beneath a targely developed clypeus. In many

families it is large and projecting, and often

notched, as in the Curubida and Silphida. Il

is also very distinct in the water-beetles. It

forms the anterior boundary of the moulh.

The eomea constitute a great portion of tlie

fixed parts of the head. The principal of these

(f), the comese of the true or compound eyes,

are situated on the hteral external surface of

the cranium, bounding the basilar piece below,

and the epicranium above. They are two large

convex surfaces, generally of a nearly circular,

but sometimes of a kidney-shaped form, divided

into a great number of very minute facets, per-

fectly distinct from each other, each of which is

the proper cornea of a distinct eye. They are

more or less numerous in different insects,

amounting in some to no more than fifly in each

compound eye, but in others to so many as

thirty-six thousand. Thus Lyonet reckoned

eleven thousand three hundred in the eye of the

goat-moth, and Geoffroy more than thirty-six

thousand six hundred in the eye of a butterfly.

Each compound cornea is usually situated im-

mediately behind the external angles of the

triangular or epicranial suture, and is more or

less protuberant in different species, as in

Hydrous and its affinities. This is particularly

the case in the ground-beetles, as noticed by

Dalman,-t especially in those which reside near

water or in sandy situations, as the Ciciruielida,

Sec; and, as remarked by Mr. Westwood,

these protuberant eyes occur mostly in insects

of ra|»cious habits. But it must further be

observed that Ihey occur also in insects which

are not of rapacious habits, but require for

some other purpose an extended field of vision.

This is the case with the males of many species,

and most remarkably so in the male of Lampy-

ris noctituca, the common glow-worm, in which

the cornea; cover almost the whole lateral and

under surface of the head. This insect is well

known to be attracted by the light of the female.

The like occurs in the male of the hive-bee,

and in that of some Diptera, as in the Empidte,

which seek their females, and are constantly

found in copula connexos on the wing in the

open air. Again, in the sun-beetles, Cetomida,

• Paper on the Nomenclature of tlie ParU of the

Head in Insects, p. 18.
^

t Entomologist's Text-book, p. 236.
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which live on the pollen of flowers, Oie eyes

are very protuberant. From these circumstan-

ces it may be inferred that all those insects in

which the eyes arc either protuberant or very

large are directed by sight alone to some |>arti-

cular object of their search, whether this be the

female of the species, as with the glow-worm,
tec, or the active living prey, as with the rapa-

cious beetles ; and consequently in these in-

stances a more extended held of vision is re-

quired than in those whose object of search is

more easily discovered, or whose means of sub-

sistence is less precarious. In many Coleop-

tera each eye is divided anteriorly by a process

of the epicranium, the cunthm, as is particu-

larly the case in the Lamellicomes (Jig. 333).

The extent to which this is develo|)ed in dif-

ferent insects varies considerably, and seems to

be greatest in those species which are constantly

engaged in burrowing. Thus, while it is ex-

tended only a little way into the eye in Celo-

fiiultr, it is carried half way across it in Coprit,

and in the female of Lucanta cervut, but less

than half in tlie male; in the genera Ateuchus

and Dorcas more than half way across ; while,

according to Kirby and Spence,* in another

genus, Ryswnatus, it completely divides the

eye into two. In other instances the canthus

is not produced, but the eye is encroached

upon anteriorly by a portion of the epicranium

or by the base of the antenna, which sometimes,

as in the Cerumbycida, appears as if inserted

into the eye itself. In other families, as in the

Oyrinidte, the middle of the eye is excavated

across its whole surface by a deep furrow,

which gives the appearance of two distinct eyes

on each side of the head. In some insects the

eyes are entirely absent, an instance of which
occurs in one of the Xylophugi, Anmnnattu
terricola, recently discovered by M. llobert,

near Liege, and an account of which was read

before the Koyal Academy of Sciences of Brus-

sels by M. Wesroael, in Oct. 1835. This in-

sect, whose habits are believed to be entirely

subterraneous, is witliout any external organs

of vision.f

The ocelli, stemmata, or single eyes, are

simple, convex, hemispheric lenses, varying in

number from one to three. They are always

situated, in those insects in which they exist,

on the superior part of the epicranium, poste-

riorly to the triangular suture. They are en-

tirely absent in IlydKius and all Coleoptera

except the Dermestidte, in which there is a
single ocellus situated on the centre of the epi-

cranium, a little posteriorly to the true eyes ; in

one of the Paussuttc, and in some of the smaller

Hrachelytra;t but they almost invariably exist

in some of the other orders, as in the Hymen-
optera, Neuroptera, &c.

The under surface of the head is formed chiefly

by the |>osterior and lateral parts of the gula

(Jig. 369, n), which unite with the lateral parts

of the epicranium and occiput. It is bounded
anteriorly by an indistinct suture, and laterally

by the inferior portions of the corneae. In Me-

* iDtroduction to Entomology, vol. iii. p. 502.

t Fr. Kot, Soc. vol. ii. Proceeding, p. xii.

X Eutomologiu's Tcxt-l>ook, p. Zm.

luloHthida it is of great extent, and is the

/litre bwulnirt of Straus Uurckheim. In Hy-
dr'uta it is excavated in the middle line, on
each side of which are two elevated ridges, the

remains of the basilar parts of the ntandibles (n),

the pro|)er ap|)endages of the fifth sub-segment,

or basilar portion of the head, with which they

have become consolidated. The sub-mcntum

(m), piece pre-basiliiire of Straus, is the most
posterior of the parts that form the under
lip. Straus Durckheim and others ap|>car to

have considered this jiart as a process of the

immoveable structure of the head, with which

at first it appears to be firmly united. Mr.
Weslwood remarks, that altliough it appears to

be articulated in some beetles, it is immove-
able, and forms part of the under surface of

the head.* We have but little doubt that

it is a distinct piece, and is part of the third

sub-segment of the head, however it may be-

come anchylosed to llie giJa by the obli-

teration of the fourth in some instances, or

be itself entirely obliterated in others. In
Melolontha it is exceedingly short, but of

great width. In Hydrous it is very distinct,

and the maxilla: are articulated to the skull on
each side of its base, as is the case also in

Melolontha and most other instances. It is a

little narrower posteriorly than anteriorly, and
its length is not more than one-half its breadth.

It is articulated anteriorly with the mentum (/);

tliis is a short transverse plate, in Ui/drmtt

somewhat lunated on its anterior margin, rather

broader than long, but not so short as the sub-

mentum. In Dyticut it is excavated at its

anterior margin, the sides being carried forward

like separate lobes. In this genus it forms

with the sub-mentum, from which it is sepa-

rated only by a slight transverse articulation, a
broad plate, roui>ded on its edges, and cover-

ing nearly the whole of tlie under sur&ce of the

mouth ; in some of the Staphytinida it is ex-

ceedingly short and broad, m Meloluntluc it is

nearly of a square form, but its anterior mar-

gin is acute; in Celonia aurata, on the contrary,

its anterior margin is much wider than its i>o»-

terior, or articulation with the sub-mentum.
In Amphimalta it is quadrate as in Melolontha,

and forms with the putpiger a nearly squiira

plate. T\iepalpiger, first described by Mr. New-
man,t is not developed in the lip of Hydrout.

In those genera in which it is found, as in Dy-
ticus, it is an articulation which, as its name
implies, bears the labial palpi, and is situated

between the mentum and ligula, of which it

seems to be only a portion. It is subject to

great diversity in size and shape, and in conse-

?uence is often confounded with the ligula itself.

t is said to be very distinct in most of the Co-
rabidtt, and in Cychrus rostratus, as remarked

by Mr. Newman, it seems at first to have entirely

takenthe place ofthe ligula. Intlie Staptiylinidtt,

Goeriiti, it is much narrower and longer than

the mentum, with which it forms as it were a

cone. In one of the Endomychida, Lycoperdina

• Op. cit. 1838, p. 256.

t Kntomol. Magazine, vol. ii. p. 82 ct scq. Also

a Paper on the Nomenclatnie ot the Puts of tiu

Head in losccU, p. 19.
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bovittm, according to the figure by Mr. CurtiS,*

it is a broad oval plate, much larger than either

of the olher parts of the labium. This irre-

gularity in its size is very perplexing in examin-
ing the parts of the mouth, since in those cases

in which it is developed to a gieat extent the
ligula is often so much reduced in size as to

appear entirely absent, and to render it a matter
of consideration whether it would not be better

to consider the palpiger in all cases as only the

inferior portion of the true ligula, since, in a
great number of instances in which the pal-

piger is large, the ligula is very small; and, as

in the instance of Ct/chrus, is formed only of
minute linear lobes, situated upon and almost
hidden by the palpiger. The ligula (i) is the

most anterior portion of the under lip. It va-
ries as much in shape and size as the palpiger.

In Hydrous it is divided into two lobes by a
slight fissure in its anterior margin, which is

membranous, and covered, as well as its in-

ternal surface, with short smooth hairs. It is

the part which properly represents the true lip,

its internal surface being continuous with the
soft membrane of the mouth. In most of the

Geodephagas it is divided into three linear

lobes, not very unlike in their appearance to the
true palpi. This division into lobes occurs in

most of the predaceous land-beetles. In Ci-
cinddidic the ligula is very minute, and this is

the ease also in some of the Stapln/imida. In
the predatory water-beetles, as Mr. Newman
has observed, the ligula is of considerable size,

and this is particularly the case in Hydrijus.

The mandibles f/g. 369,/,/g. 370, A), the

true organs of manducation, are two exceed-
ingly large and strong arched jaws opposed to

each other, and sometimes decussating like the
blades of a pair of scissors. This is the case
in the most rapacious insects, Cicindelidtt,

Stuphylinid(£, Sj-c. In the llydriius tliey do
not decussate. They are situated immediately
beneath the clypeus and labrum on each side,

and are connected by a ginglymoid articulation

with the upper and under surface of the head.
Tlie iuperioT external condyle moves in the
articulating surface of the small bone (Jig.
372, g), a little anterior to the bone of the
antenniE (7-) and the inferior external condyle

(fig. 370, ./ 3) in the articulating surface

(fig. 372, y) of the os transversuin. In this

insect their form is somewhat like that of
a sickle or garden knife. They are thick
and strong at their base, and hooked at their

apex, and are armed with three projecting,

notched, or double-pointed teeth. The inter-

nal margin of the apex of the mandible is

excavated or grooved, as also are the teeth

along their posterior surface. The object of
this has reference, probably, to the habit of
the insect, the structure of the jaws being
somewhat similar in this respect to tliat of the
jaws of the more rapacious Dyticus, which is

said to prey upon small fishes and w"ater-

insects. The under surface of the internal

margin of each mandible is covered with soft

villi, and there are four condyles to each
mandible. Those just described perform the

* British Eotomology,

Af mandible ; 1, process for 2, extensor tendon
;

3, process to articulate with the inferior surface of
the cranium; 4 & 5, flexor tendon; 6, internal
margin of jaw; 7, bifid teeth.

B, under surface of the maxilla.
C, internal or upper surface; 1, cardo ; 2,

stipes; 3 & 4, palpifer; 5, lacinia ; 6, galea; 7,
lobus inferior ; 8, unguis ; 9, retractor maxilU

;

10 & 11, levator cardo.

chief motions; the others are the middle ex-
ternal condyle (1), which gives attachment to

the tendon of the great extensor muscle, and is

situated between the superior and inferior con-
dyles ; and the internal condyle (6) is situated

on the internal posterior margin of the man-
dible, and gives attachment to the flexor

muscles of the jaw. Tlie internal margin of
the mandible is also rendered concave, and
forms part of the lateral boundary of the epi-
pharynx. From the general structure of the

mandible we at first are lead to suppose that

the habits of the insect are entirely carnivorous,

but it is said to subsist chietly upon aquatic
plants, although it feeds with avidity on dead
larva; and aquatic mollusca.* In the truly

carnivorous Coleoptera, the Cicindelidie, Cara-
bida, and others, the mandibles are acutely

pointed ; but in those which feed upon vege-
table matter, leaves of trees, &c., they are
thick and obtusely dentated, as in Melolon-
Ihidit. In the generality of species the man-
dibles are always strong dentated organs, but
a few exceptions occur in the Cetoniidie, which
feed on the pollen of flowers, and in the

Aphodindte, which subsist on the recent excre-
ment of cattle, in which their margins are soft

and flexible. They are always the most con-
spicuous parts of the mouth, and difi'er from

* Weitwood, Introduct. Entomology, vol. i. p.
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the lesser jaws, maxilla, in being articulated

botli Willi Uie upper and under surface of the
head. .

The maxi/lte, or lesser jaws (fig.370, B,C), are
of very compound structure. They are situated

between the mandibles and labium, and are

employed by tlie insect to hold its food, and to

convey it to the posterior part of the mouth. They
are each formed of four primary and three or

moreaccessory parts, when mostcompletely deve-
loped. The primary parts are the cardo or hinije,

thestiiies or footstalk, thepa(pi/er, and the lacinia

or blade. The accessory parts are the galea or

lolms superior, the /<)6iu inferior, and unguis.

The eurdo (Jig. 370, B, C, 1) is the joint upon
which nearly all the motions of the maxilla

depend. In Hydrous it is a minute trapezoid

or irregularly triangular corneous plate, with an
elongated curved process by which it is arti-

culated with the OS transvers'im on the under
.surface of the cranium, and over which the

cardo is articulated like a hinge. In some
genera, as in Staphi/linus, it is more elongated,

and this is particularly the case in Melolontha,
whence it was called tranche transversale. In
most instances it is as it were wedged in

between the sub-mentum and mandible. It is

articulated at its anterior margin with the

second piece of the maxilla, the stipet (2),
which forms the outer surface of the organ,

being considered its primary part. It is an
elongated corneous plate, broadest at its articu-

lation with the cardo. It is approximated
along its anterior margin to the squama palpi/'er

(.3), a broad plate which covers tlie superior

external surface of the maxilla. Immediately
beneath the anterior margin or apex of the

si/uuma is inserted the palpifer (4), a short

cylindrical appendage, which is usually con-
sidered part of the squama, the whole being
together called the palpifer. It supports the

proper maxillary or true palpus, which is re-

markable for its length in the Hydrilus. The
lacinia{5), sometimes improperly called max-
ilia, forms the internal portion of the organ,

and, as we shall hereafter see, appears in its

earliest condition in the embryo to constitute a
separate organ or appendage, belonging to the

mentum—as the stipes appear to belong to the

sub-mentum—but which in the course of deve-
lopment becomes approximated to the stipes to

form part of the maxilla of the perfect insect.

Like the stipes, it is a broad corneous plate,

which forms the greater portion of the under
surface of the maxilla, and is articulated with
the cardo only by a small portion of its base.

On its upper surface, which forms a great part

of the sides of the mouth, it is soft, membra-
nous, and covered with fine hairs. It gives

origin at its anterior truncated extremity to the

accessory parts of the maxilla, the lohus supe-

rior and inferior. The lohus superior, or galea,

is a thick, double-jointed organ (6), densely
covered at its antenor margin with stiff" reddish
Iiairs. It is articulated with the external an-
gle of the lacinia, and covers the lobus inferior,

which is articulated with the internal angle,

and on this account, more particularly in

Orthoptera, is called the galea or helmet. It

is useid by this aud other insects as a palpus,

or feeler, to touch and convey food to the

mouth. The tubus inferior is a short quadrate

joint (7), articulated with the internal angle

of the lacinia, of which it forms the pro()er

continuation. At its superior extremity is a
minute articulated claw (8), densely covered
on its upper surface with long stiff hairs, as is

also the whole of the internal margin of the laci-

nia itself,which forms the lateral boundary of the

mouth, and is continuous with the sol^ lining

of the pharynx. The maxillary palpi (h) are

two very long flexible organs, composed each
of four joints. The pa/pi/fr, upon which they

are situated, is a short joint or tubercle, in-

serted at the anterior external angle of the

maxilla, between the angle of the lacinia and
the plate which covers the superior surface of

the maxilla (3), and of which it forms a part,

but from which in this insect it appears quite

distinct. The first joint of the palpus is ex-
ceedingly short, so as to allow of extensive

motion to the organ in every direction, while
the second is much longer than in roost other

insects, and, when the palpus is retracted,

forms with the third joint a distinct elbow or
bend. The third and fourth joints are also of
great length, so that the insect is enabled to

protrude the organ to a great distance. The
labial palpi (Jig.Z6Q, k) are much shorter than
the maxillary. The first two joints are very

minute, the second being partly hidden within
the first, but the third and fourth are long and
projecting, but not so long as those of the

maxillary palpi.

From all we have been able to observe, the
office of the maxilla appears to be of a two-
fold kind, and of greater importance to the

insect than that of the mandibles themselves.

The chief office is that of seizing and retaining

the food within the mouth ; and the secondary
that of assisting the mandibles in comminuting
it before it is passed on to the pharynx. Con-
sequently all the parts of the maxilla are sub-
ject to great variation of form ; and in the dif-

ferent tribes of Coleoptera, as in the other

orders of insects, each particular form is

adapted to the kind of food on which the in-

sect subsists. In Melolontha, in which the
four primary parts, the cardo, stipes, palpifer,

and lacinia, were first accurately distinguished

by Straus Durckheim,* the maxilla is a thick

obtuse organ, with the cardo, which is less

completely developed in Hydnius than in most
other insects, forming a broad transverse piece,

the stipes a short and triangular one, the pal-

pifer also nearly triangular, and the lacinia,

which, as Straus has remarked, is always con-
tinuous with the pharynx, nearly also of a tri-

angular form, and together constituting a thick

compact organ, with its inner angle, the lobus

inferior in other insects, forming a strong pro-

jecting inarticulated tooth, and its external,

articulated with a short thick galea, armed
with three obtuse points, which probably serve

the office of teeth for masticating the paren-

chymatous food of this species. This form of

• Considerations Gcncralcs snr I'Anatoroie Com-
parec des Aniniaux Articiilcs, par Hercule Straus-

Duickbeim, 1828, p. 68. pi. i. 6g. 8.
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tlie maxilla and galea seems more peculiarly

adapted to the pliytopliagous feeders, since in

the true carnivorous insects, Ckinddidte, tiger-

beetles, and the larger Carubidte, ground-bee-

tles, the maxilla is more elongated, the inter-

nal lobe, or apex of the lacinia, is more acute,

and often armed with a sharp hook, and the

galea assumes the form of a distinct palpus,

shorter but similar in appearance to the true

maxillary jralpus. This is more manifestly

the case in the tiger-beetles, in which the galea

is a distinctly double-jointed palpus, placed

on a feeler-bearer, and the lacinia is armed
with a long sharp hook, evidently more adapted

for seizing and piercing its living food, like the

canine teeth of carnivorous quadrupeds, than

for comminuting it like the strong tuberculated

galea of the vegetable-feeding Melolontha, or

the tuberculated teeth of herbivorous quadru-

peds. The office then of the galea, in dis-

tinctly carnivorous insects, is simply that of a

palpus or feeler, and in accordance with this

view we find that in the tiger-beetles it is

longer than the inferior lobe, or hooked por-

tion of the lacinia. In the ground-beetles

Mr. Newman has remarked that it is shorter

than the lacinia, but, in the generality of the

tribe, we have also found it longer, as in the

rapacious Cicindelidse, particularly in the lar-

ger Carabidte, and this is also the case in some
of the Harpalidte, particularly in one species,

Zubrus gibbm, which is known to be a vege-

table feeder. This form of the galea, however,
seems more peculiarly to belong to the carni-

vorous insects, as it is also found in the Dyti-
cidae, but not, as we have seen, in the nearly

allied but far less rapacious Hydrophylider

.

On the other hand, in most insects which feed

entirely on vegetable matter, the galea is of a
more obtuse form, and is less distinct from the

other parts of the maxilla than in the rapacious

insects. Thus in the greater number of the

true vegetable feeders the galea is short, thick,

and densely covered with hair. This is the
case not only with the maxillae, but also with
the mandibles in those insects whose food is

the ]X)llen and perhaps also the honey of
Howers, as in the Cetoniidic, and also in the

Geotrvpida and other Scarabirid^, which feed
upon soft decaying vegetable matter. In the
Lerambycida, as in the rare insect Monochamus
tartor,* in the Lepturida, which are found
upon umbelliferous plants feeding on the pollen
and honey ; and in the stag-beetle, Lucanus
cervus, which subsists on the sap that flows

from the wounded bark or roots of trees, the
galea is always densely covered with hair, and
sometimes elongated to a considerable extent,

as in the stag-beetle. In those species which
are purely phytophagous, as many of the

Gulerucidd; and Chrysomelidie, which feed on
the parenchymatous structure of leaves, both
the galea and lobus inferior are short, obtuse,

and covered with stiffhairs,while in XheCoccincl-
lida that very much resemble the latter insects,

but are carnivorous feeders, the galea is longer
and distinctly jointed, and resembles the same
part in Hydrous, being still covered with hair.

* Ciutis't British Entomology, pi. 219.

Tliis is also the case in the common metJ-

beetle, Tenebrio mulitor, which belongs to a
family of less distinctly vegetable feeders.

From these facts we are inclined to believe

that the structure of the maxilla has much
closer connexion with the kind of food and
habits of the insect than that of either the

labium or the palpi. The latter organs, how-
ever, are subject to great variation in the form
of the terminal joint, which in some species is

much dilated and shaped like a hatchet, as in

the common lady-bird, Cuccinetta, while in

others it is acute or obtuse. The number of
joints is usually four, and it has been sup-

posed that there are never more, either in the

maxillary or the labial palpi, in any Coleop-
terous insect, but the Rev, Mr. Kirby* has

mentioned an instance in which there appeared

to be an anomalous condition of the maxillary

palpi, in this respect, in one of the Geode-
phaga, Sericoidia bembiduiides, K. In one of
the palpi in this insect there was a fifth joint,

retractile within the fourth. Mr. Kirby sug-

gests that since the fifth joint was not apparent

in the other palpus, it may perhaps have been

a false joint, produced by an effort of nature

to repair a mutilated organ, but at the same
time observes that if this were the case it is

the only instance he has met with in true in-

sects of the reproduction of a lost organ.

The antenna constitute the remaining move-
able parts of the head (fig. 369, a). They are

occasionally absent in the larva, but never in

tlie perfect state in any insects. Tliey are two
jointed organs, attached to the head by a dis-

tinct and freely moveable articulation, in some
insects near the middle of the front part of the

head, but in Hydrous and most Coleoptera

on each side immediately anterior to the cor-

nesE, at the extremity of the epicranial suture,

but never, so far as we are aware, in the epi-

cranium itself. They are subject to much
diversity of form, on which account they have
been employed by naturalists as affording cha-

racteristic distinctions of different families.

They have been divided into several parts, only

three of which appear to be generally applica-

ble. These are the acupm, (fig. 371, M 1), pcdi-

cella (2), and clavota (3).t The scapus, or

basial joint, is usually very long, and often the

most conspicuous part of the antenna. It is

connected with the torulus, or part upon which
it moves, by means of a ball and socket arti-

culation, beneath the external margin of the

clypeus. The second joint, pedicella, in Hy-
drous, as in almost every species, is a minute
and nearly globular articulation, which allows

of the freest motion, and supports the re-

maining portion of the antenna, the clavola,

which forms the chief part of the organ, and
is that which varies most in general structure.

When each succeeding joint of the clavola is

gradually diminished in size from the base to

the apex of the organ, as in the Grijllidic,

AchetidiE, and Blutlidtc, fig. 342 and 343, the

antenna presents its simplest condition, and is

* Fauna Borcali-Amcricana, vol. iv. Insects,

page 15. pi. i, lig. 2.

t Kirby and Spcuce, p. 515, et seq.
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Fig. 371.

AntenntB.fram Bimneutar, Meigen, Palg, ami Hope.

M, antenna of MeloUmIha folio ; 1, scapua ) 2,

pcdiccUa j 3, clavus \ 3*t the laminae*

called setaceirus (Jig. 371, A), but when, as in

some of the Locwttidie, each joint is much smal-

ler than the preceding and is angulated at its

sides, the whole forming a sword-like organ,

it is called ensiform (B). When all the joinU

of the clavola are of uniform thickness, as in

the CarahiiUr, (fig. 329,) the antenna is said

to hefilifonn (fig. 37i,C), but when the joints

are of equal size, but are globular or rounded,

as in the Tenebrionida (Jig. 340), it is called

mtmili/orm (Jig. 371, U). VVhen the joints,

as in" some of the Elalericla, (Jig. 334,) ap-

pear like inverted triangles, with the inner

margin more produced tl)an the outer, they

are said to ho serrated (Jig. 371, E), and

when, as in the Prionidie, the acute base of

each joint is inserted into the middle of the

broiul apex of the joint behind it, imbricated

(!•"). When every joint is developed on one

side into a spine or process, the organ is said

to be pectinated (G); and when it »pine or

process is developed on each side of the joints,

bipeclinuted (11). In like manner it is called

;)/umiiM(N ) when each joint producesone or mors
rami which are themselves minutely pectinated,

as in many of the Htnnbiicida ; and when, as in

Heviirrhipiajiabellicornit and other Etateridtr,

each process from a joint is flattened, and is

nearly as long as the whole of tlie succeeding

joints taken together, and the whole form a
ian-shai)ed organ, the antenna is called Jliibtl-

lute (I). But when, as in the true beetles,

Pentamera, the clavola ends in a true capi-

tulum or knob, it is said to be claveUe (K), or

capitate (L), according as the knob is gra-

dually or suddenly formed at the extremity of

the organ. In Hydrous the capitulum exists

in ttiat form which is designated perfoliate, in

which the joints of the club are separated a
little from each other by a minute foot-stalk.

This form exists also in the Necropltori, aitd

in a less degree in the clavated antennae of other

Silphidt. It is ill some of the LamiUicumei,
the Scarabaida, Geotrupida, Dynattidii, and
Melolonthida, that the antennae reach a degree

of completeness which seems to indicate the

real use of the organs. Thus in the MeloUm-
thida (M), the capitulum is divided into seven

laminae, which may either be applied closely

together, or be widely expandea at the plea-

sure of the insect. In the Vynastida and
Geotrupida the capitulum is formed of only

three laminse, the two outer ones being convex

externally, but flat on their internal surfiice,

while the intermediate one is flat on both sur-

faces, the flat surfaces of each being more
delicately organized than the hard corneous

exterior. A similar structure exists also in the

Scarabaida. When the insect is in motion
the antenna; are stretched out, and the lamince

are expanded to their fullest extent, but by
many species are immediately retracted on the

occurrence of any loud or sudden noise.

These are the usual forms of the antenna,

but in some species they are subject to much
greater variation. Thus, in the remarkable
order Strepsiptera (fig. 347), each antenna has

a distinct lobe at its base. This is also the

case in some of the Aluuida (N), in which the

filamentous portion of the antenna represents

the true clavola, and the club-shaped portion

of the organ is simply an appendage. A simi-

lar deviation from the usual structure occurs in

some Coleoptera, more particularly in the smal-

ler water-beetles. Thus, in the Gyrinida, the

true pcdicelta is developed into a large ear-

shaped cup, which nearly covers the clavola.

In another insect, Globaria Leachii, Latr.
very beautifully figured in the recent work
of the Rev. F. W. Hope,* the pedicella,

(O, 2) instead of being a small rounded joint,

is elongated like the scapus (1), while the cla-

vola (3) ends in a large capitulum, attached

laterally to the base of the fifth joint and di-

rected backwards. These are a few of the

variations which occur in the form of these

* The Coleopierist'a Manual, part ii. tab. 3,
fig. 6. 1U3B.
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curious organs, the necessity of which it is

difficult to understand.

The function of' the antennie has been a
subject of much dispute amongst naturalists,

some contending that it is simply that ofJ'cct-
ing, otliers that of smelling, otiiers again that

of hearing, and lastly others that of a sixth

sense unknown to vertebrata. Our own ob-

servations lead us most decidedly to the con-
clusion that the primary function of the an-

tenna is that of hearing or feeling the vibra-

tions of the atmosphere, while an additional

function possessed by the antennse of many
insects is that of common feeling or touch.

We have endeavoured to support this opinion

by facts and experiments detailed in a paper
on the use of the antennse, which was read

before the Entomological Society of London
in the beginning of 1838, but which has not

yet been printed. First as regards the employ-
ment of the antennse as olfactory organs, there

seems in their anatomical structure the most
decided evidence that they cannot be designed
for such purpose. In every instance in verte-

brata, the faculty of smelling is situated in a
delicate mucous or soft surface, and in no
animal that we are aware of has it ever been
found to reside in a dry homy covering, or in

a tense membranous structure, while, on the

contrary, that of hearing is constantly depen-
dent upon an elastic membrane, or other part

sufficiently delicate to be affected by the vibra-

tions of the atmosphere. If therefore the sense

of smelling be dependent, as it appears to be,

upon a moist or lubricated surface, it cannot
reside in the antennse, since the exterior sur-

face of these organs is in every instance formed
of a dry hardened covering. On the other

hand, if the perception of sound be depen-
dent upon the elasticity of a part, and its capa-
bility of being affected by the vibrations of the

air, the structure of the antennae is in no in-

stance unadapted for the performance of this

function. It seems improbable that the office

of the antennse is simply that of touching or

feeling other objects, by direct contact, as sup-
posed by some naturalists, from the circum-
stance that in certain insects these organs are
much too short to be so employed, being in
many species, as in the Libellulidte and Cica-
diida (Jig. 3.53), shorter than the head itself.

But that they are so employed by some insects

is indisputable, particularly by the Blattida,
Gryllidce, and most of the Hymenoptera.
The Gryllidse, when sipping water from the

channelled surface of a moistened leaf, con-
stantly feel about with the antenna; ; and the

honey-bee, when constructing its cells, ascer-

tains their proper direction and size by means
of the extremities of these organs, while the

same insect,when evidently affected by sounds,
keeps them motionless in one direction, as if

in tlie act of listening. Another circumstance

which favours the opinion that they are audi-
tory organs is their greater development in the
males of some species than in the females, as

in the bipectinated antenna; of many moths,
and the lamellated ones of the Mclolonthidie.

The structure well known to exist in the

Crustacea,* the bony tubercle covered exter-

nally by a tense membrane, and communi-
cating internally with a membranous vesicle,

situated at the base of the antennse, sufficiently

proves that in those animals the antennse are or-

gans of hearing, and is not an inadequate reasoa

for regarding them as ministering to the same

function in insects. But the fact of the ex-

istence of a small circular space discovered by

Treviranus, at the base of each antenna in the

Blattida, (fig. 373, t) which are noted for

extreme acuteness of hearing, and which space,

as in Crustacea, is covered by a membrane, is

an additional reason for considering the func-

tion of the antennae in insects analogous to

that of the corresponding organs in those

animals. Thus then almost every circumstance

connected with the antenna; leads us to the

conclusion that these are the proper organs of

hearing, while their occasional employment as

tactors or cerebral feelers is not incompatible

with the exercise of that function, hearing be-

ing in reality only a more exquisite sense of

feeling.

Tig. 372.

Interior of the upper and under surface of the

head of Hydrous,

d, clypeus ; e, labrum
; g, maxilla ; h, its pal-

pus ; i, labium ; k, labial palpus ; p^ sutura epi-

cranii
; q, cotyloid cavity ; r, torulus ; s, r, iamin®

squamosie ; t, laminae posteriorcs ; u^ tentorium j

to, laminx orbitales ; x, os transversum
; y, arti-

culating cavity for the mandible ; », os hypopha-
ryngcum.

Internal parts of the head.—On the interior

surface of the superior portion of the cranium
of Hydrous piceus (Jig. 372), the insect we have
selected for our purpose, is a thick horny ridge

(p), extending along the middle line from tlie

• See vol. i. p. 768, art. Crdstacea.



INSKCTA.

occipital foramen to about midway between the

cornea, where it becomes much thickened and
expanded, and then divides into two {wrtions,

whieli pass forwards and outwards in a dia-

gonal direction, to the anterior margin of each

cornea. These ridges on the internal surface

exactly correspond to the faint indication of the

epicranial suture on the external. They serve

for the attachment of muscles, and divide the

epicranium from the clypeus posterior. At
the external angles of these ridges, immediately
anterior to the cornex, are two articulating apo-
physes, the most external of which, the torulia

(r), is smooth and rounded on its anterior sur-

face, and articulates with the broad concave

extremity of the scapusl or basial joint of the

antennae, and the external one (y), {cavite coty-

loid, Straus,) is smooth, rounded, and con-
stricted in its middle, and articulates anteriorly

with the superior external condyle of the man-
dible, and posteriorly with a process of the

lamina aqnamosa (s), which support and pro-

tect the brain, and are united witli other la-

minae («) (lames laterales, Straus,) which
arise from the inferior surface of the cranium.

Tlie torulus (r) is attached externally to the

most anterior portion of a thin broad lamina,

the orbital plate (w), which extends backwards
to the posterior angle of the cornea, in an
arched direction, separating the cavity of the

orbit from the interior of the cranium, with

which it communicates only by means of a
round foramen for the passage of the large

optic nerve and its traches. The superior half

of this plate consequently belongs to the epi-

cranial, and the inferior to the basilar portion

of the skull. Immediately anterior to ine epi-

cranial suture is situated the clypeus (rf), the

middle portion of which is smooth and slightly

concave, and forms the covering of the ante-

rior part of the head. On either side it has a

smooth broad inflected margin, which is not

included within the interior region of the head.

At the anterior margin of the clypeus is arti-

culated the freely moveable labnim (e), the

under surface of which is smooth and shining,

and i^ives no attachment to muscles, excepting

along its posterior margin. The ridge of the

epicranial suture is developed to a greater ex-

tent in the head of Hi/driiits than in any other

species we have yet examined. Its perfect

correspondence with the faint indication of the

suture on the exterior of the head clearly in-

dicates the boundary of the epicranium, and is

of very great importance, as we shall hereafter

see, in enabling us to determine tJie number
of segments of which the head is composed.
This suture exists in every species we have

examined, more or less developed in different

individuals. Its existence appears to have

been entirely overlooked by Straus-Durckheim

in the head of Melolontha, in which, indeed,

it is almost obliterated externally, but when
the cranium is well cleansed, and then ex-

amined by means of transmitted light, a trace

of it may still be observed, and its situation

internally is indicated by a shallow triangular

furrow, which extends backwards from the

anterior portion of each orbital plate to within

a short distance of tlte occipital foramen in the

middle line, the longitudinal portion beiuj;

exceedingly short. But in the larva of the

same insect the suture is very distinct on
the exterior of the epicranium, and the ridges

corresponding to the suture are developed on
the interior. Anterior to this suture in the

same larva is a triangular piece, which is

bounded in front by a freely articulating plate,

the anterior clypeus. It is the part correspond-

ing to this, and which is consolidated with the

true clypeus in the head of Hydrous, as in-

dicated by the diagonal depressions before

noticed on the external surface of the head,
which we shall distinguish in all insects as the

clypeus anterior.

It will thus be found that in some insects

the clypeus anterior and posterior have hitherto

been confounded under one name, and in

others the clypeus posterior and epicranium.
We believe, however, that these are distinct

parts in all insects, but are less readily distin-

guished in some than in others. The upper
sur&ce of the head is thus shewn to be formed
of at least four clearly indicated portions, both
in the larva and perfect insect. In the larva of
melolontha there is also a slight indication of a
fifth segment, of which the antennse, or ante-
rior prolongations of the spinal columns, are in

reality the proper appendages. The indication

of this segment exists in a triangular line,

parallel wiui, but a little anterior to, the suture
behind the clypeus posterior, and in the space
included between it and the epicranial suture
the antenna; seem to be inserted. But al-

tliough we believe in the existence of the fifth

segment in all insects, it must be acknowledged
that it is not easily demonstrated. Four seg-
ments are, however, readily detected, yet in
some species one of these lias almost disap-
peared. Thus in Geotrupes ttercorariiis, the
epicranial suture has become very indistinct on
the upper surface of the head, and the ridges

are entirely absent on the interior, as in melo-
lontha, while the clypeus posterior exists only
as a narrow triangular space, bounded by the
suture posteriorly, and anteriorly by a ridge cor-

responding to the boundary of the proper an-
terior clypeus on the exterior of the head ; the
labrum also, as in all insects, being quite dis-

tinct. In Lucanus cervtis, in which the head
has reached its maximum of development, and
is much broader than the pro-thorax, there is no
indication whatever of the triangular suture in

the male, all the parts of the head being firmly

consolidated together. But in the female there

is a faint depression internally, as in melolon-
tlia, and the trace of a corresponding line is

apparent in some specimens externally. In
some specimens of Xleliie cicatricosus there is a
distinct indication of the suture externally, ex-
tending from the occipital foramen to neiu- the

middle line between the eyes, while internally

the ridge is distinctly elevated ; but we have
not been able to trace the clypeus posterior,

which may be supposed to have merged in the

largely developed epicranium. In blups mor-
tisaga the epicranial suture is usually distinct

on the upper sur^e of the head, posterior to
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the comece, but tlie ridge is absent, while the

transverse ridges between the two portions of

tlie clypeus are distinct, and also their corres-

ponding sutures on the exterior. On tlie other

hand, in the large Buprestia clirj/sis, the longi-

tudinal portion of the epicranial suture is very

distinctly marked on the upper surface, and ex-

tends as fer forward as the middle between the

comeee, while internally the ridge is so largely

developed that it extends downwards into the

cavity of tlie head, like tlie ossified falx in the

head of some Carnivorous Mammalia, partially

dividing the posterior region of the head into

two halves. But the clypeus anterior and pos-

terior are so solidified together, and united with

the epicranium, that they are not easily distin-

guished. This is also the case in the rapacious

ground-beetles, Ck'mdelid«, in which all the

parts of the cranium are completely united, and
the tiue clypeus is reduced to a narrow trans-

verse plate, with which the labrum is freely ar-

ticulated. But in the rapacious water-beetle,

Dyticus nutrginatis, although the ridge of the

epicranial suture is wanting, as in Cicintletiddr,

the suture itself is remarkably distinct, and the

anterior and posterior clypeus are well marked,
and are very clearly seen owing to their thin-

ness and translucency, when examined by
transmitted light.

Tlie inferior surface of the head affords us
equal reason with tlie superior, for believing

that this part of the insect is formed of an ag-

gregation of several segments. VVe shall ex-

amine them more particularly when speaking

of its development. On its interior surface

are parts which tend much to confirm the opi-

nion. In Ht/dr'uus piceus on each side of the

occipital foramen there arises a strong bony
plate, lamina posterior (i), which, bending a
little towards the median line, extends across

the basilar portion of the skull, as far as the os

transversum (x), with which it is united. At a
short distance from the occipital foramen the
lamina of one side is connected with its fellow

of the opposite by a narrow bony arch («),
which has been called by Straus Farcade, aud
by Burmeister, who has described it in Dyticus,
the tentorium. The two laminx beyond this

are expanded upwards and laterally, and uniting
anteriorly by a thin process form a cradle, or
bed, which, as Straus and Burmeister have re-

marked, supports the first suboesophageal gan-
glion, while the two lamirue posteriores inclose

between them, as in a canal, the anterior por-
tion of the spinal cord, which passes under
the tentorium in its exit from the cranium
through the occipital foramen. Each of these

expanded portions of the laminae are united by
their superior angles with a narrow process (s),

which articulates, as before noticed, with one
of the apophyses of the upper surfece or vault

of the cranium. Tlie orbital plates (w) above
described are continued around the margin of
the comeae, and form the inferior lateral boun-
dary of the basilar portion of the cranium.
Between the anterior margins of the corneae,

extending across and dividing the basilar

part of the skull from the sub-mentum, is a
thick elevated ridge, the oi transversum {s).

On its anterior border the os transversum is

connected with a minute bony ridge, which ex-

tends forwards on each side of the sub-mentum,
and it has also two articulating surfaces. The
first and most internal of these (r) is situated

close to the base of the sub-mentum, and is that

with which the hinge of the maxilla is articu-

lated. The second is situated more externally,

between this and the margin of the cornea. It

is a deep smooth cotyloid cavity (_y), which re-

ceives the external inferior angle of the man-
dible, and is separated from the articulation

for the hinge of the maxilla by an elevated

tubercle. Externally the base of the skull is

connected only by an indistinct suture with a

quadrate plate, the sub-mentum, which was sup-

posed by Straus-Durckheim to form a process

only of the basilar piece in melolontha, and

was called by him the pre-basilaire. We have

already seen that it is part of a distinct segment,

and seems to correspond to the clypeus poste-

rior of the upper sur&ce. At the anterior mar-

gin of the sub-mentum, or rather extending

backwards upon that segment from the raen-

tum, are two broad diverging lamina; (i),

which support the fleshy pharynx and tongue,

in which respect they are similar in ofhce to

the proper hyoid bones of vertebrata. They
serve as means of attachment for some of the

muscles of the pharynx, and are connected

with similar lamina; that cover the upper sur-

face of the pharynx, and seem to be connected

with the clypeus, as in the Luianus cervus.

The mentum, like the sub-mentum, to which it

is attached, is broad, quadrate, and supports

the diverging laminee which form die floor of

the mouth, and it also affords an attachment for

some of the muscles of the tongue and labial

palpi. The ligula, or most anterior portion of

the labium, is densely covered on its upper

surface with hairs. It is divided in the median
line into two halves, which, when developed to

a much greater extent, as in some other insects,

take the name of paraglossia.

The general structure of these parts is similar

in most Coleoptera, but in some species there

is considerable variation of form and relative

size, owing to the greater development of one

part than of another. Thus in Lucanus cervus,

(Jig.SSS,) in which the whole head is developed

to its greatest extent, and the epicranial and

basilar regions, with the mandibles (J'), have

very far exceeded their usual proportions, the

labrum is very minute, and soldered to the

clypeus (d), and the maxillae (g) are reduced to

small palpiform organs. Internally, the pos-

terior laminae (t) do not extend forward to an os

transversum, but are short, strong, triangular

plates, which, instead of being connected, as in

Hydrous and Melolondia, by an arcade, or ten-

torium (u), support a double ring, or annulus,

like the ring of a vertebra, through which the

nervous cord passes before it arrives at the

occipital foramen. In Geotrupes stercorarius

there is a like annular form of the same parts,

but the lamina' squamosa, which are absent in

Lucanus, are thick and strong, and form a

complete cradle for the supra-oesophageal

ganglion. la like manner a similar cliange in



INSECTA. 8W'

tlic form and relative lizc of parts of the head oc-

curs in the hug-bcetles.Curru/iunu/d' (Jig. 337),
in which the licad is elongated forwards, and
the mouth is situated at the extremity of a long

rostrum or heak. Tiiis is occasioned by the

narrowing and extension forwards of tlie ciypei,

and the parts corresponding to them, the men-
turn and sub-mentum. This change is carried

to such an extent in some species, as in Liparit

Cermunui, that tlie antennae are also carried for-

wards, and appear as if situated at tlie sides of
ttie mouth. 'Hiat this is ttie manner in which
the change of form is effected is proved by the

circumstance, that the basilar and epicranial

regions in this insect do not exceed a fair pro-

portion, as compared with otJier insects; while

the triangular suture, which always divides the

epicranium from the posterior clypeus, exists in

its usual situation on the ]>art between the

eyes; and the labrum, which is very distinct, is

freely articulated with the anterior margin of

the clypeus. llie effect of this elongation of

some parts of the head and mouth is the neces-

sarily small size of others, and consequently we
find that the mandibles, which are so enor-

mously large in iMcanut, are reduced almost to

their minimum in the Curculio ; because, al-

though the elongated form of the he<id is ad mi-

rably adapted to the habits of the insect, in

boring deeply into hard substances, it is insuHi-

cient for the support of large and powerful

organs, and its extent of surface is too limited

to afford adequate room for the muscles neces-

sary for their employment. Wherever large

and powerful organs exist, the parts to which
they are attached arc enlarged in like manner.

Thus we invariably find that in those insects in

which the mandibles are large, tlie whole head

is either short and wide, or its posterior por-

tions, the basilar and epicranial regions, to

which the muscles of the mandibles are at-

tached, greatly exceed those of the anterior.

The parts observed in the head in Coleop-

tera are equally apparent in Orthoptera. In

this order tlie head is placed vertically on the

pro-thorax, without any constricted portion or

neck, so that the extent of the occipital region

is greatly reduced, llie epicranium in some
species, LiKmtidir, <5c- is broad beliuid, but

narrowed in front, where it is bounded, as in

other insects, by the clypeHs posterior, and la-

terally by the cornea- and sides of the head, of

which it forms a part. In this order the

ocelli, or single cornea;, which are found only

in a few solitary instances in Coleoptera, exist

in most of the families. They are situated in

tlie anterior portion of the epicranium, and
form part of its surface, whether placed on the

vertical portion of tlie head, or more anteriorly

near the clyi^eus. In the osculant family,

Blaltida, the epicranium is exceedingly

! >rtened, but retains along its vertex a trace of

the .picranial suture, which is scarcely ever

absent in the insects of this order. It is very

distinct in the common house-cricket and mole-

cricket, Achetidtt {Jig. 342), in the Gryllida

and Locuslidit. In the mole-cricket it some-
times appears as if wholly obliterated, but is

always seen ia the pupa if care be takai to

remove the down with which it Ls aomctimes

covered. Its a|>ex is situated in the middle

tine between the ocelli, and on each side it

passes down to the insertion of the antennie. It

IS in this order that the suture is pstrticularly

useful in indicating the boundary of the pos-

terior clypeus, the extent of which in Orthop-

tera appears hitherto to have been overlooked.

Head of Biatta Amerieama,

A, antenna ; t, tympanum ; t tf locket for the an*
Ci^nn«» covered with membrane ; dd, clypeut,
anterior and posterior; *, lingua; **, paragluasK.

( Other lettert amljiguret as m Hydr'vu». )

In the epicranium of Blalta {Jig. 373), the

suture is almost obliterated, being only disco-

verable by aid of the microsco[)e, but on careful

inspection it is seen to end at a point opposite

to the middle of the superior portion of the

comete, where it forms the apex of the triangle,

which enters, on each side, the anterior margin
of a circular space covered with a tense mem-
brane, the tympanum (f), which is situated, as

observed by Treviranus, a little behind the in-

sertion of the antennae. These organs are also

inserted in a rounded space covered by a mem-
brane. From these points the suture becomes
obliterated, but seems to |>ass in the direction

of the anterior boundary of the comes to the

base of the mandibles. The clypeus posterior

(d) thus appears to form the greater portion of
the front ox face of the insect, and is united by
a transverse freely articulating membrane, ex-

tending across from the base of each mandible

with a short transverse plate, the clypeus ante-

rior (d), which has hitherto been looked upon
as the true clypeus. In the common green

grasshopper, Acrida viridissima, the boundary
of the posterior clypeus is at the most anterior

part of the head immediately between the an-

tennse, the suture extending, as in other in-

sects, to their base. The clypeus anterior is a

short transverse moveable plate, and is articu-

lated with the lahrum (e), which is also short,

transverse, and freely moveable upon the cly-

peus anterior. This moveable condition of the

anterior clypeus and lip has not a little puzzled

entomologists. Mr. Newman* has remarked

that " tlie lip and shield move simultaneously

• Op. cit. p. 9.
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with the mandibles in mastication," and tliat

"this is a departure from a general law of

nature, and its occurrence is well worth re-

marking; as the motion of the shield might in-

duce an observer to suppose it the lip, which
would consequently become a new and super-

numerary elementary part." Thus, then, the

motion of this part in Urlhoptera is considered

as an anomalous condition, but the same thing

occurs in Coleoptera. In Di/ticUlte, the cly-

peus is freely moveable, as well as the labrum,

and probably this mobility has reference to the

rapacious habits of the insecfc!.

The inferior surface of the head in Orthoptera

varies a little from the type of the Coleoptera,

although it is formed, as in that order, of four

distinct parts. The gula, or basilar region (m),
which includes part of the occipital foramen, is

a broad transverse plate, rounded at its lateral,

and concave at its anterior and posterior mar-
gins. In the mole-cricket, as in most of the

beetles, the true gula is well developed be-

tween the occipital foramen and sub-men-
tum, and in that insect is of a trian-

gular shape, with its apex directed backwards.

Fig. 374.

Under mrface of mmuh of Blatta. Figvret aa

before.

But in the Blattidd (fig. 374, m), the sub-men-
tum and gula appear to have been closely

united, without trace of their former distinc-

tion, and the mentum (I) is short, transverse,

and articulated with the palpiger and liguta

(i). From the complexity of parts into

which the ligula is divided, we consider it

better, as before remarked, to omit any parti-

cular description of the palpiger, which, Mr.
Newman states, is situated between the proper
ligula and mentum. In Blatta the ligula is

divided into six distinct parts. To two of these

(i) are attached the labial palpi, and they ap-
pear to be the palpiger as described by New-
man. From the upper anterior margin of

these, nearest the median line, arise two sliort

lobes, covered partly on their exterior margins
by two larger ones, the puruglosstc (* *),

which become of much importance in the

mouth of Ilymenoptera. In the mole-cricket

the ligula is divided only into four lobes, all of

which are exceedingly narrow, and very much
resemble palpi. In some of the Locuslida;
the labium is simply divided in the median
line as in Ilydrijus. The true liguta or tongue

Cfig. 374*) in most of the Orthoptera is a
soft projecting fleshy body, like the tongue of

other animals, and is situated aboye the men-
tum and sub-mentum, within the mouth of
which it forms the floor and passage to the

pharynx. In Blatta it is narrow and elon-

gated, and projects as far as the middle of the

ligula, and it is even inore largely developed in

the Lucustidie and Aclielida. In the maxilliB

we recognise the same parts as in Coleoptera,
with but little variation of form except in the

galea and lucinia. The lacinia (.5) is usually

elongated, and furnished with a sharp hook
bipid at its apex. In Ai-lietidic and most of
the vegetable feeders it is strong and much
bent at its extremity, but in the omnivorous
Blaltidtc it is also sharpened to a cutting edge
along its inner margin. It is in this order of
insects that the secondary appendage of the

maxilla, the galea (6), is most fully developed,
and covers the lacinia so completely as to serve

the office of a shield or helmet. In the vege-

table-feeding Locustida, this part is sometimes
three-jointed, as observed by Newman* in

Acri/dium, but usually it is simply an obtuse
double-jointed organ, hollowed on its inner

side; but in the Btatlidte it is expanded at its

extremity into a thick oval bulb, or soft

cushion, encircled with fine hairs, evidently

well adapted for touc/iing or feeling. In all

the Orthopte''a, but more particularly in the

Blaltidtc, the articulation of the maxilla with
the sub-mentum is less compact than in the

Coleoptera ; and this appears to be referable to

the same circumstance as before noticed with
regard to the mobility of the anterior clypeus,

the voracious habits of the insect. Thus, to

allow of very extensive motion to the parts, the

stipes (2) is articulated at an angle with the

curdo n), and a broad muscular structure, at-

tached along the inner border of the lacinia, as

far as the base of its sharp articulated apex,

upon which it acts, is interposed between the

maxilla and sub-mentum, and forms part of the

inferior boundary of the mouth. The mandibles

in this order of msects, as remarked by Marcel
de SerreSj-f are more perfectly constructed than

in any other. In those which masticate their

food, and devour large quantities of vegetable

matter, as the Locustidee, the mandibles are

furnished both with cutting and grinding sur-

fices. The anterior or apical margin is deve-

loped into acute cutting teeth, somewhat like

the canine teeth of vertebrata, wliile the inner

and posterior part of the mandible is broad,

flattened, and covered with elevated irregular

ridges, like the teeth of some Herbivora, and is

admirably adapted for grinding or chewing.

This complicated structure does not exist in

the more carnivorous species, the Bluttidn, in

which the mandibles are arched, and indented

with sharp triangular teeth (jig. 373,/'^, very

closely resembling the cutting teeth of Carni-
vora, and are articulated by strong condyles at

the side of the head, on a hne with the articula-

tion of the clypeus anterior, and not so far back
as that of the maxilla. The eyes in Orthoptera

are usually exeeedinglv prominent and round,

but not large, except in Blatta, in which diey

• P. 32.

t Anaalcs des Museums, No. xri. p. 56.
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are ki<Incy-sha|)e(l, and are spread over a great

]>art of the sides of the head. The tx-elli,

which are found in most of this order, do not
exist in hialta. They are very distinct in the

Cri/llidte and Ijicustida; and also in the mole-
cricket; but it IS remarkable, as Mr. Kirby for-

merly observed, that they are not met witli in

the |)u|« or larva state of these insects. In the

pupa of the mole-cricket there are simply two
sli^htly elevated tubercles, in the situation in

which the ocelli are afterwards developed.

They thus ap|)ear to have reference to some
particular condition of the perfect insect, al-

though the habits of the three states appear to

be similar. The uniemia are organs of much
importance, and are usually of considerable

length, except In the carnivorous Manlida, or

praying insects, in which they are very short.

These insects, which take their living food by
sight alone, have the shortness of their an-
teima;, the supiM)sed organs of hearing, coro-

|)ensated for by the immense size of their large

glo{)ular cornea;, situated at the sujierior angles

of tlie head, so as to enable the insect to see in

every direction. But in those which reside in

the dark, or which seek tlieir food by the aid of
other senses, the antennic are exceedingly long,

and foimed of an immense number of joints,

es|)ecially in the Gri/Uidie, Achetidt, and
lUuttida, which are noted for acuteness of

heiu-ing. In the interior of the head the lamina
squamosa, are thick and strong, and are articu-

lated, as in Hydrous, with the angles of the epi-

cranial suturesuperiorly, and inferiorly with the

liimina fnisUriores, and the tentorium forms a
distinct ring, as in Lucanus.

In the Neuroptera we recognise the same
elementary (arts in the liead and mouth as in

the preceding Orders, but in this tliey are de-

veloped into new forms. The epicnmium, so

conspicuous in the former, is reduced to its

minimum in this Order, owing to tlie immense
development of the organs of vision, which,

attaining their greatest extent in (Kslina gran-

dis, are ex[)anded over the whole of the upper
and lateral surf.ices of the head, and are ap-

])roximated together in the median line, leaving

only die epicranial suture between tliem. A
small portion only of the epicranium exists

anterior to these great cornea;, but m that por-

tion, as usual, are situated the ocelli; while

the minute antenna;, reduced also to their mi-
nimum of sire in Oiese l^ibcllulitUe, the most
rajiacious and insatiable of all insects, are still

situated, ;is in Coleoptera, at the external angles

of the suture. In the dilated anterior [wrtion

of the head we distinctly recognize the cli/jteits

posterior and anterior, and below these the

transverse cordiform lubrum, separated by su-

tures, but freely articulated together as in Or-

thoiitera. At the lower concave margin of die

clypeus anterior in (Xshtw grandis is a short

triangular plate intervening between the clypeus

and labrum, and articulating with both like a

distinct segment; it is probably only part of

the lalmim. On the under surface of the head

the gulii and siiti-mentum are iiulislinci, and

merged as it were in the construction of diree

VOL. M.

immensely dilated, doubly articuhted plates,

which cover the whole lateral and under sur-
face of the mouth. Tlie anterior portion of
the middle plale, which in (KsJina is rounded
at its anterior margin, is the true Hgula, while
the articulation behind il, from which arise the
lateral plates, is the analogue of die mentum.
The two lateral plates, composed each of two
articulations, and in some species also of a
third very minute one in the form of a sliort

spine at the ajiex, we regard, with Brullc,* iis

the proper labial [Kilpi immensely dilated. Tlie

mandibles concealed within the mouth are
short, strong, and, in Libellula quadrimaculfita,

arched. At the apex they are bifid, and armed
wiUi two sharp triangular teeth, and at their

base with four sharp-pointed ones, excavated,
and placffd in difl'erent directions, adapted for

crushing and cutting rather tlian for mastica-
ting the food. Within the head they are arti-

culated with portions of tlie epicranial and Ui-
silar regions, as in Coleoptera. The maiilla are
long and prehensile. Tlie true palpi are en-
tirely absent, but the gaka exists as an oblong
articulated lobe, and the lacinia, which is arti-

culated at its base and sharpened along its

inner margin, as in the Blattidte, is armed at
its apex with four crooked sharp-pointed teeth,

while the cardo is long, and articulated with
the base of the maxilla at an angle, to allow of
extensive motion, as in die maxilla of Orthop-
tera. In other families of the Neuroptera, as
in the Panorpidir, the organs of manducation
are small, but the anterior part of the head is

elongated into a rostrum, occasioned by tlie

narrowing and extension of die clypci, as we
have before noticed in die Curculionuttt, while
in the I'hri/ganida, which take no food in their

perfect state, the parts of the Diouth are almost
atrophied.

In Ilyroenoptera the mouth assumes an en-
tirely new form, but the changes in it are con-
fined to the maxillx and labrum, which are
soon to Ijecome its chief organs. Tlie head,
placed vertically on the thorax, is still well de-
veloped. The epicranial region is large, and
extends very nearly to the insertion of the

antenna; on the front. In most species it is

densely covered with hairs, and the ocelli (Jig.

375, b,) which are constant in this class, are

usually arranged in a triangle on its most ver-

tical part. The cornea (c) are large and kid-

ney-shaped, and cover part of the lateral sur-

face of the head, leaving between them a broad
front, occupied by the clypei (d) and part of
the epicranium. But in the males of the hive-

bee, which come abroad only in the brightest

sun-light in quest of the female, this space is

diminished, and the cornea; are expanded over

part of the front, and the whole of the epicra-

nial region, as in the Libellula; the most ex-

tensive vision being re<iuired by these insects,

to enable them to discover the object of their

solicitude, as by the oUier in the pursuit of its

prey. In some of the poUenivoroos and pre-

* Annal. Soc. Eniom. de France, torn. ii. p.

343.
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Fig. 375.

Anterior and inferior views of the ttumlh and head of
Antliopli&ra retnga.

A, antenna; b, cpicranium and ocelli; e, cor-

nea ; d, clypeus anterior ; e, labnim
; /, mandi-

ble
; g, the maxilla; h, its palpus; i, feeler-

bearer or part of the ligula ; k, lahial palpus ; I,

mentum; m, sub-mentum ; 1, cardo of the maxilla
;

2, stipes ; 5, the lacinia or blade ; ', ligula; **, pa-

raghas£E, its lateral lobes.

daceous genera, the Tenthredinidte and Ves-

pidie, the clypeus posterior seems to have be-

come entirely obliterated, unless we regard the

broad clypeus in these insects, as in the Hornet,

the posterior one, and the plate concealed be-

neath it, within the mouth, to which the

labrura is attached, as the anterior. But we

are not inclined to do this, because in some of

the Iclineumonkla and Sphecidit a trace of the

clypeus posterior remains a little anterior to the

antennae. In Ichneumon Atropos the clypeus

is narrowed and depressed in its middle, as if

originally formed of two parts, while in Ammo-
phila vulgaris the clypeus posterior is clearly

indicated as a minute triangular plate situated

in the middle line, immediately beneath the

insertion of tlie antenna;, and it exists in a

similar form in some of the Apidre, as in the

large female Bombus lupidarius, and in some

specimens o( Anthophora, the clypeus posterior

being in all instances bounded by a trace of the

triangular suture. The lubrum (c) is always

distirict, but variously formed. In Vespida. it

is narrow, acute, and hidden beneath the ante-

rior clypeus; in the leaf-cutting bees, Mcga-

chile, it is narrow and quadrate; but in tlie

hive and humble-bees it is large, and rounded

at its anterior margin. The mandibles are sub-

ject to considerable variation of form.* In

* See Essay on Fossorial Hymenoptera, by W. E,

Shuckard, p. 12, cl seq.
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some, as in Ammophiln, which burrows in the

sand, they are long, hooked, and furnished

witJi but a single toodi at the apex, without

cutting edges ; and tliey are of somewhat the

same form in Anthophora {fig. 37.i, /J, whose

habits of life in this respect are similar. In the

Vcspidte, which gather the materials for their

nests by rasping off little packets of fibres from

decaying wood, they are broad, triangular, and

armed along their edges with strong teeth ; and

such is also their structure in Anthidium mani-

cutum, which scrapes off the down from the

woolly steins and leaves of plants for the same

purpose; while, in the hive-bee, which em-

ploys them in moulding the soft wax in the

construction of the combs, they are shaped at

the apex like a spoon, without indentations

;

their form in each instance being thus dis-

tinctly referable to the habits of the insects.

In the gregarious species there is also a dif-

ference in their form in the two sexes, those of

the males being often smaller and less curved

than of the females, or workers, and they are

always, particularly in the Bombi, more densely

covered with hairs.

In the whole of theTerebrantia, Pupophaga,

and some of the Aculeata the mandibles are

still the chief cibarian organs ; the Athalia em-

ploys them in masticating the pollen of flowers,

and the maxilla; and labium in sipping the

honey; while the omnivorous Formicidte and

Vespidte employ them in tearing and masti-

cating their food, whether it be the pulpy sub-

stance of fruits, or the muscles and hard cover-

ings of other insects. In the Apid<e the chief

use of the mandibles is in constructing the

nest, while the maxilla; and labium are the

only organs employed in taking food. In the

strictly carnivorous families the maxilUe are not

longer than in the preceding Orders. In most

of these, as well also as in the Terebrantia and

Chri/sidida, the extremity of each maxilla is

obtuse, and divided into a distinct lacinia and

galea, and the palpi are long and six-jointed.

In the Formicidic and Vcspida; which subsist

upon fluid as well as solid aliment, their length

is increased ; but in the true Apidie, which

subsist entirely upon honey, they are drawn

out to a great length, and, with the labium be-

neath, form a tube through which the aliment

is conveyed to the mouth, as in the hive and

humble-bees. In these species the cardo (1)

is long, slender, and formed of two parls,wh|ch

conjointly articulate with the stipes (2). The

longest of these, the basilar portion, has two

apophyses at its extremity, and is articulated

with the anterior part of the base of the cra-

nium, at the inner side of the articulation for

the mandibles, exactly as in Coleoptera; and

its muscles in like manner are attached to the

lateral and inferior parts of the head and orbital

plates. It is the lora, or lever of Kirby, which

enables the insect, by the additional articula-

tion of its second part with the sub-mentum, to

thrust out the maxilla; and labrum together to a

great distance. The part that articulates with

the sub-mentum, the proper cardo of Kirby, is

very short in Bumbus lapidurius, but of coiisi-
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Fig. 376.

LalemI ritu of the mouth of AtilhofJura. Letters

andfiiptres om before. 12, the Imyua, or tongue,

derable lengtli in Anthophora. In each in-

stance it is broadest at its articulation with

the sti|x:s, and, [mssing backwards diagonally,

unites at its extremity with a corresi>onding

part of the opposite side, and the two thus

joined articulate with the narrow sub-mentum,
the fulcrum of Kirby. The stipes forms the

lateral basilar part of the maxilla, and is shorter

in Anthophora than in Bombus, in which it is

about one-third of the length of the maxilla.

Tlie piilpif'cr is also distinct (3). Thelacinia(5)

is of great length, and gradually tapers to its

extremity. Internally it is slightly conaive,

and externally is covered with a few scattered

hairs. It is articulated freely with the stipes

and palpifer, u|K)n which it is inflected in a

state of rest to form a sheath for the labium,

when the parts of the mouth are folded. When
the maxilla- are extended to form the sucking

tube with the labium, they are a little separated

at their base, and inclose between them the

cavity of the mouth, within which is a soft

fleshy body, the lingua (12) or true tongue,

situated anterior to and serving as a valve to the

pharynx. The suh-nientum (;/i) is articulated

by a single joint with the united extremities of
llie two cardincs ( 1 3). It is long and narrow
in Anthophora, but short and triangidar in

Bowbus. It is attached at its sides by a fine

membrane to the under surface of the head and
throat. The maitum (/) articulates with the

sub-motitum, and is an elongated rounded plate,

which forms internally a channelled passage

to the pharynx. Within it arc inserted the

muscles of the labial palpi (A). These organs

are long and styliform, and arise from a space
at the base of the ligula, the part described as

the jxilpiper by Newman. Their great length

is occasioned by an excessive elongation of the

second basial joint, which is sometimes as long
as tlie whole maxilla itself, and is fiiniished at

its distal exti-emity with a minute brush of

hairs, and also articulates with the remaming

short joint of the organ. The remaining por-

tion of the labium is divided into three parti.

Tlic two latend ones are short styliform pro-

ces.ses, the partif-toisa (**), and the central one,

commonly called the tongue of the bee, is the

part employed by the insect in gathering honey.

In -Apis, honibus, and Anthophora it is a long

tapering muscular oi-gan, formed of an immense
numl>er of short annular divisions, and densely

covered throughout its whole length with loni{

erectile hairs. It is not tubular but solid, and
when actively employed is extended to a great

distance beyond the other parts of the mouth,
but when at rest is closely packed up and con-

cealed between the maxillse. Ttie manner in

which the honey is obtained when the organ is

plunged into it at the bottom of a flower, is by
tapping, or a constant succession of short and
quick extensions and contractions of tlie organ,

which occasion the fluid to be accumulated
upon it, and ascend along its upper surface,

until it reaches tlie orifice of the tube formed
by the approximation of the maxillae above,

and the labial palpi and this part of the ligula

below. At each contraction a part of the ex-

tended ligula is drawn within the onflce of the

tube, and the honey with which it is covered

ascends into the cavity of the mouth, assisted

in its removal from the surface of the ligula by
the little brush of hairs with which the elon-

gated second joint of each labial palpus is fur-

nished. From the mouth the honey is passed

on through the pharynx into the oesophagus by
the simple act of deglutition, as in other ani-

mals. In Anthidium the ligula is not longer

than the labial palpi ; while in the Andrcnida
all the parts of the mouth are much shortened,

and resemble similar parts in the Vetpida in

being divided into four lobes.* In the latter

insects the ligula is quadrifid, and is dilated

at its apex, and each lobe is terminated by a
minute gland.f Tlie two lateral lobes, iHira-

ghssa, are shorter than the middle ones. In

Tenthredinida the ligula is also short, but is

divided only into three lobes.

We have thus seen that the head and its ap-
pendages are most perfectly developed as a
whole in the Coleoptera, and that in pa.ssing

through the succeeding Orders of Mandibulata

certain parts are more or less developed in each

Order, in accordance with the general habits

and mode of life of the insects ; that in the

carnivorous and omnivorous families, and in

those whose habits of life require a great

amount of strength, either in procuring their

food or in tlie construction of tlicir nests, the

mandibles are the most important of the oral

organs, and are most largely developed. But
as we pass from in.sects with these habits to the

Ilanstcllata, whose food and modes of life are

of an entirely diflerent description, the man-
dibles lose their importance, and become atro-

phied, and their office, now altered in its cha-

racter, is (lerformed by the maxillai and labium,

Newman. Paper on the Head of Insecti, p.

t Curtis. Wcstwood.

3 N 2

22.
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the development of which, in the higher forms

of insects, is only of secondary importance, com-
pared with that of the mandibles, but is now
carried to so great an extent that these organs

become almost or entirely the sole means of

taking food. Not only do tliese changes take

place in the parts of the mouth, but the whole

liead undergoes a similar alteration in the rela-

tive form and size of its parts, occasioned by

the excessive development of the organs of vi-

sion. Thus in the Lepidoptera, (Jig. 377,) the

Fig. 377.

The head and parts of the mouth of Sphinx ligustri.

A, antenna; 6, epicranium , c, cornea; rf, cly-

peus posterior ; e. labruiu
; f, mandible; g. max-

illa or proboscis ; h. maxillary palpus ; B, base of
the maxilla with the mandibles and labrum ; C,
lateral view of the same.

lateral and a large portion of the inferior surface

of tlie head is entirely occupied by tlie corneae

((), which are also extended far forwards upon
the anterior. The occipital region is confined

to the flat surface that is approximated to the

piothorax. The epicranium (A) is distinct, and,

as in the preceding Orders, extends as far an-
teriorly on each side as the base of the antennae

between the corneae, but the suture that sepa-

rates it from the clypeus posterior (</) is almost
transverse. The clypeus posterior is very large,

and occupies the whole of the space between the

cornea;, on the front of the head. It is convex
as in Neuroptera, and is narrowest at its inferior

part. The clypeus anterior appears to exist in

the form of a minute transverse plate, a little

elongated in its middle on the hinder part, and
separated by a transverse groove on its anterior

from a much smaller plate, the tabrum (f), with

which it is consolidated. This part, which was
first detected in Lepidoptera by the accurate

Savigny,* is also a small convex transverse

plate with a little triangular scale at its anterior

margin, fitted closely to the front of tlte max-
illsE. In Spkiru ligustri, (fig. 377,)lhe separa-

* Memoircs sur Ics Animaux sans Vcrtebres,

tion of the labrum by suture fix)ra the part which
we regard as the clypeus anterior, is distinct,

but it appears to have been overlooked by Sa-
vigny and others. On each side of the laljruin

are the rudiments of the mandibles (J').
They

are two minute, triangular plates, attached in

part to the labrum and margin of the clypeus,

to which, as Savigny has remarked, they

appear to be soldered. They are applied to

the base of the maxillae, and in Sphinx appear
each to be formed of two parts, and are co-

vered along their inner margin with stiff hairs.

They are the remains of the large corneous
mandibles of the larva. We are indebted for

their discovery to the indefatigable researches

of Savigny, who first traced their identity. The
labium, which forms so conspicuous a part of

the mouth in the preceding Orders, like the

mandibles, is reduced to insignificance in this.

It is a small triangular plate, closely attached

to the under surface of the head, at the base of
the maxillae, and its division into parts, so dis-

tinct in other insects, is now scarcely perceptible.

The labial palpi [k) arise one on each side of
the labium. They are usually long, hairy, and
three-jointed, and are reflected on the front of
the head. Next to the maxillae they are the most
conspicuous parts of the mouth, particularly

in fyrulidte and Tortricidie, in which they are

long and pointed. The tingtia has been sup-
posed to be entirely absent in Lepidoptera. It

was not delected by Savigny. Latreille be-
lieved it to exist in the suture at the floor of
the mouth, but Mr. Newman has observed a
small mammiform protuberance in Sphinx li-

gustri which he regards as the analogue of the

tongue in this Order. The labrum, mandibles,

and labium are entirely concealed by the re-

flected labial palpi and a dense clothing of
scales, and are only observed when the anterior

part of the head is completely denuded of
these coverings. Their atrophied condition

affords a beautiful illustration of the law that

in proportion as the functions of an organ be-

come suspended, or are rendered unnecessary

by the employment of other parts, the organ
itself becomes wasted and utterly useless, and
perhaps entirely disappears. Thus in those

Lepidoptera whose food is liquid honey pro-
duced in the deep chalices of flowers, the

short mandibles of the voracious herbivorous

larva would be entirely useless to the perfect

insect, and its food would be inaccessible

to it. Accordingly we find that the man-
dibles are now unimpoitant organs, and
the office of conveying food to the mouth is

performed solely by the maxilla; (</), which
are extended in the shape of a long sucking
tube. Each maxilla is composed of an im-
mense number of short, transverse, muscular
rings. It is convex on its outer surface, but
concave on its inner, and the tube is formed by
the approximation of the two organs. When
at rest they are rolled up like a watch-spring,

between the large labial palpi, but are capable
of being darted forth in an instant. They are

the so-called tongue, or proboscis of the but-

terfly and moth. Each maxilla has usually
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bfen described as being hollow in its interior,

or forming " in itself a tnln;,"* which ap[)cars

to have arisen from the circumstance of there
existing in each, one or more large tracheal

vessels, (Jig. 378, 6, e,) connected with tlie

trachea; of the head, and which are divided, as
they approach the extremity of tlie organ, into a
great number of minute ramifications, but which
have no communication with the external sur-
face, their distribution being precisely similar to
that of the trachea; in other parts of the body.
The maxilla is composed of elementary irarts,

as in the preceding Orders, but they are not
easily distinguished. The long extensile por-
tion is the ])roper laciniii, which is constricted
at its base, immediately beyond which is situ-

ated, in Sphinx ligustri, a minute three-jointed
hairy palpus (A). Mr. Newman could not de-
tect this maxillary palpus in Sphinx,t and hence
concluded that it was obsolete in this family.

It is indeed exceedingly minute and easily

overlooked, but is distinctly three-jointed, and
densely covered with long hairs. The structure

of the maxilla; in different genera and species
is particularly interesting, and their length is

exceedingly various. Thus in the Sphinpida,
in Smerinthm ocellatia, which takes no food,

they scarcely exceed one-eighth of an inch,

while in SphittJ: tigustri, which continues ho-
vering on the wing while extracting the sweets
from a flower, they are nearly two inches in

length, and this is also the case in the hum-
ming-bird moth, Macroglossa slel/atamm.
In the butterflies, and in many of the Noc-
tuitlte, they are often about equal to the length
of the body. The inner or concave surface
which forms the tube is lined with a very
smooth membrane, and extends along the an-
terior margin throughout the whole length of
the organ, as in the transverse section, (fig.

378, 6, h.) At its commencement at the ajiex

it occupies nearly tlie whole breadth of the
organ, and is rather smaller than at its termi-
nation near the mouth, where the concavity or
groove does not occupy more than about one-
thirtl of the breadth. In some species the ex-
tremity of each maxilla is furnished along its

anterior and lateral margin with a great number
of minute papillae, but in others these parts are
entirely absent. They are extensively deve-
loped m some of the butterflies, as in Vanessa
atulunta, (Jig. 378, 1, 2, c,) in which they
are little elongated barrel-sha|)ed bodies, (4, r,)

terminated by three smaller papillx, arranged
around their anterior extremity, with a fourth
one a little larger than the others placed in

their centre. These papilla; are arranged in

two rows along the lateral and anterior surface
of each maxilla, near its extremity, for about
one-sixth i)art of its whole length, as at 1, and
5, f, d. There are seventy-four in each max-
illa, or half of the proboscis. To judge from
their structure, ana from the circumstance that
they are always plunged dee|)ly into any fluid

when the insect is taking food, they may pro-

• Newman on the Head of Insects, p. 28.
t Op. cit. p. 28.

Fig. 378.

ParU of the maxilltB or probotcu of Vanema alalanla.

I, external larfacc of the apex with the do'ible
row of papillx ; 2, internal or concave lurfacc ; a,
transverse muscles; b, tube; c. papills; d, hook*
which join the maxilla:; 3, one of the hoaU ; 4,
one of the papillz ; 5, section of the tip of the
niaxilla:, showing tlie position of the pspillic on each
side of the lube ; 6, section of maxillx near their
base, showini; the position of the tube, b; the large
trachea, e, and the smaller one and nerve, f.

bably be regarded as organs of taste. They ar«
largely developed in this genus of insects, but
in funlia, the common white butterflies, and
in Spliiitx liguslri they are scarcely |)erceptible.

There are also some curious appendages ar-
ranged along the inner anterior margin of each
maxilla, in the shape of minute hooks, which,
when the proboscis is extended, serve to unite
the two halves together. They were first no-
ticed by Heaumur,* and subsequently by Mr.
Kirby.-f In many insects, as in Sphinx and
Pontiii, they have more the appearance of
cilia, like the barbs of a feather, than of hooks,
but in Vanessa they are falcated, and furnished
with an additional tootli (3, </) a little beyond the

apex. They are so exceedingly minute, and ar-

ranged so closely together, that their true form
is with ditficuhy distinguished. Tliey lock
across each other like the teeth in the jaws of
some fishes, and we are inclined to believe that

the points of the hooks in one-half of the pro-
boscis arc inserted, when the orgiui is extended,

into little depressions between the teeth of tlie

opposite side, so that they form the anterior

surfiice of the canal, but of this we are not con-

• Mcmoires, &c. torn. i. p. 12-^.

} Intioductioa, vol. i. p. 394.
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fideiit. That they reaUy form the anterior sur-

face of the canal or tul)e seems evident from

the distinctness witli wliich coloured substances

are observed to pass along the tube when the

insect is taking food.

There are various opinions with regard to the

manner in which the food ascends the tube to

the month. Some have imagined that it is

simply by capillary altniclion, and others, the

chief of whom was Lamarck, that it is forced

along by successive undulations and contrac-

tions of the sides of the tube, occasioned by

the action of the transverse muscles. Kirby

and Spence* believe tliat these undulatory

motions, which certainly do exist to a consider-

able extent, are not sufficiently powerful to

carry along the food with the rapidity with

wliich it usually ascends, but that the lateral

canals, which, as we have just shewn, are the

proper trachea; of the organs, assist in pro-

ducing the phenomenon by occasioning a

vacuum in the mouth and tube which faci-

litates the conveyance of the food more rapidly

along it. That something of this kind does in

reality occur is proved by the following ob-

servation. We gave sugared water, coloured

with indigo, to two specimens of Ptmtia luipi,

and on attentively examining die front of die

organ with a microscope while the insects were

busily employed in partaking of the fluid, ob-

served the particles of indigo disseminated in

it ascend along the tube, not in a gradual and
regular succession, as must have been the ease

had the ascent of the fluid been occasioned

simply by capillary attraction, but pumped up,

as it were, sometimes in a full stream in quick

succession for one or two seconds, as if the

insect was then sipping a full draught, while
at others a few particles only ascended quickly,

followed by still fewer with a much slower

motion ; thus indicating distinct intervals be-

tween each draught or ascent of fluid. From
these circumstances we are led to ofiier the

following explanation of the manner in which
the food ascends the tube to the mouth. The
instant an insect alights upon a flower, it makes
a forcible expiratory effort, by which the air is

removed both from the tracheae diat extend
through the proboscis, and from those with
which they are connected in the head and
body, some of which we shall hereafter see

are distributed over the oesophagus and ali-

mentary canal, and at die moment of applying
its proboscis to the food makes an inspiratory

effort, by which the tube is dilated, and the

food ascends it at the instant to supply the

vacuum produced, and is carried onward by
the same act to the mouth, and from thence

by the action of die muscles of the pharynx
into the oesophagus and stomach, without any
intemiption of the function of respiration, the

constant ascent of the fluid into the mouth
being assisted by the action of the muscles of
the proboscis, which continue in action during
the whole time the insect is feeding. By this

combined agency of the acts of respiration and

* lalroduction, vol* iv. p. 470.

the muscles of the proboscis, we are enabled to

understand the manner in which the humming-
bird sphinx extracts in an instant the honey
from a flower while hovering over it without

alighting, and which it certainly would be

unable to do so r;i|>idly were die ascent of the

fluid dependent only upon the action of the

muscles of the organ.

In Uiptcra there is the same irregularity in

the development of certain parts of the head as

in Neuropteni and llymenoptera. The shape

of the head is usually that of a flattened hemi-

sphere, with its base or occipital region con-

cave, and approximated to the |)rodiorax, as in

the common honse-Hies, Miixcidtc, the blood-

suckers, Tiibunklii; and the gad-flies, (Estrida.

But in others, as in the gnats, Cuitc'ula,

the long-legs, Tipididte, and the Asilidte,

(fig- 349,) it is eidier convex at its occipital sur-

face or extended in the form of a short neck.

In the latter instances the occipital and epi-

cruniul regions are lai'ge and distinct, and the

cornea are protuberant, and situated a little

anteriorly at the sides of the head, but do not

much encroach upon the epicranium. This is

not the case in the Tubanidie, &c. in which they

occupy nearly the whole of die epicranial

region. But in most of the genera in which the

eyes are thus expanded, there is usually, as in

Neuroptera, some portion ofthe epicranial region

still existing in the form of a small triangular

space anterior to the inner margin of the cornese.

On this space the longitudinal jjortion of the

triangular suture is often distinctly marked, and
extends backwards between die cornea? to the

occiput, as is well seen in Tuhunus hovinus.

Anteriorly it extends as far as the middle line

behind the antenna?, where it terminates, thus

distinctly indicating the proper boundary of the

clypem posterior in this order. The whole

front of the head or face is formed of the two
clypei, which are so united together as to be

scarcely distinguished as originally se]5arate

parts. They together form a broad and some-
what lozenge-shaped plate, at the up|)er

]5ortion of which are situated the antennae,

and at the lower or anterior, which is notched,

die labrum, freely articulated with it, and
which is usually concealed beneath it. In

some genera, as in the Tuhunidie, the an-

tenna? are inserted on each side of the middle

line, into litde fossae close to the triangular

suture; while in others, as in Chri/wtoxum and
Conops, the place of these fossae is occupied by
little elevations, upon which those organs are

seiited, sometimes nearly close together, as in

Sargiis. The face thus formed of the two
clypei is developed laterally on each side of

the cornea', and is gradually narrowed from

its up|)erpartto its lower, where it is articulated

with the labrum. In Rhiiigia rostrata the

posterior clypeus is elongated, and forms the

long projecting front: it is deeply notched at

its interior mai-gin, where, as also in Voliicellu,

is a very minute plate, apparently the ana-

logue of the clypeus anterior. The cornctt,

as above stated, are usually the most conspi-

cuous parts of the head in Diptera, and form
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its lateral regions. Tlicy are always largest, a»

in Neuroptcra, in those species which arc most

constantly abroad in the brightest light, and

are expanded over nearly the whole of the

epicranial region, as in Tubantts, Chrt/wloium,

and Doros. Uiit although the cornea; of the

compound eyes are so largely develo|)ed, the

ocelli also are almost invariably present in this

order. Tliey are generally three in number,

placed on the most vertical part of the epi-

cranium, immediately behind the proper corneie.

This is their situation in Musca, Hetophiliu, and
Stratiow i/s,and also in the gnat, Culcr annulatus,

but we have not obsened them in a neigh-

bouring genus, I'edicia. Professor Muller*

believes that the ocelli are designed chiefly for

observing near objects, and the feet of tlieir

existing, as just stated, in many insects in

which the corneie of the proper eyes are ex-

ceedingly large, seems to favour this opinion.

Their presence, as in Ilymenoptera, is most re-

markable in the males, as in the male Empida,
in which, althoueh the proper cornea; cover

the whole surface of the head, yet there are

also three large ocelli situated in the trian-

gular space immediately behind the comese,

and even elevated upon a pedicle. In Tubunus

there appears at first to be only a single ocellus,

situated in the median line between the cornea

at the anterior part of tlie head ; but on close

insi^ection it is found to he divided into two by

the longitudinal suture which passes through it,

so that the two ocelli from their close approxi-

mation appear but as one.

In the organization of the mouth the same
])arts exist in Diptera as in the preceding

ordei-s, but modified in form to adapt them to

a different mode of use. Thus we have seen

that in Hymenoptera and Lepidoptera it was

simply necessary that the parts should be

elongated, to enable the insects to obtain the

liquid food already prepared for them ; but in

Diptera not merely was it necessary that this

should be the case, but also tliat their form

should be materially altered, to adapt them to

a mode of employment different from that of

analogous reirts in other insects. Thus in

Tabunida, the labrum and mandibles are used

like lancets, to pierce the integuments of other

animals, before tliese parasitic blood-suckers

can obtain the living fluid they are in quest of;

while in other species, as in Eristalis Jlorem,

(fig. 379,) which subsists both on the pollen

and honey of flowers, the mandibles and

maxilhc are employed to scrape off the pollen

from the anthers, before it is conveyed along

the tube formed by the united parts of the

mouth to the pharynx. In other Diptera, of

which the food is entirely fluid and easily ac-

cessible, as in the common house-flies, Miiscida,

all the parts of the mouth are soft and fleshy,

and simply adapte<l to form a sucking tube,

which in a state of rest is closely folded up in

a deep fissure, on the under surface of the

head, formed by the two sides of the clypeus.

003

Fig. 379.

• Elements of Physiology, by J. MulIcr, M.D.,

(trunslatcrt by W. Baly, .M.D.,i>urt v. p. 1116.

Slouth or pnboteU of Erutaliiflareut.

rf, front beneath the clypcua ; e. labrum ;
/", man-

dible ; g, maxilla and palpus ; i, labium ; i*, labium

dilated ; "i, inner aurfaco of paraglofsa ;
"*«, tho

rows of bair< on the iimer aurface \ I, ligula ; m,
cardo and submentum.

On the other hand, in the (Estrida, which, as

we have seen in the Phrmanida, Bombycida,

and others that take no food in their perfect

state, all the parts of the mouth have entirely

disappeared. It is in Tabanidit that the oral or-

gans of Diptera are most perfectly developed,

and approach nearest to those of Hymenoptera,

and are easily distinguished ; while in the soft

fleshy proboscis of Mutcida their identification

is a matter of considerable difficulty. Ac-

cording to Savigny* the proboscis of Diptera

is formed solely by the labium, or under-lip,

divided into its primary parts as in other in-

sects ; while Desvoidsyt on the contrary be-

lieves that it is not formeid by the labium, but,

as in Lepidoptera, solely by the maxillae. Now
we have seen, that although in Lepidoptera

the maxillae alone form the tubular mouth or

proboscis, yet that in Hymenoptera the labium

is the part chiefly employed m gathering the

honey, which is conveyed to the cavity of the

mouth and pharynx only by the maxillae as-

sisting to form a tube of which the labium

constitutes the inferior portion. Analogy there-

fore would lead us to expect a somewhat si-

milar conformation of the mouth in Diptera,

and that since these insects have either to pierce

the coverings of other animals before they can

obtain their food, or to gather their nourish-

ment by employing the proboscis as a pre-

hensile organ, the maxilla: may fairly be sup-

posed to enter into its formation, and accord-

ingly we find, on a careful examination, that

such is actually the case, and that the proboscis

is formed of the maxilla; and labium united.

We have been led to this conclusion by a care-

• M6m. sur Ic« Aniro. sani vertebrea.

Kssai siir Irs Myodaires, par le Doctcur J. B.

Rohincau Desvoidsy, 4to, 1830, lom. x. Me-
moircs dc I'lnMilut de France.
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ful examination and comparison of the parts of
tlic mouth in Vvlucclta, lulihuimj/ia,a.n<i Musca,
witli those in Tabunidie and Asdida. To com-
mence our observations with the most perfect

form of mouth, we find in Tubunidtc that the

lubruiii is an elongated, acute, corneous plate,

freely articulated to the margin of the cljpeus,

and marked along its middle line with a

raphe. Jt is concave on its under surface, and
is as long as the mandibles and maxilla', which
it partially covers, and somewhat resembles in

apjjearance. In Culex it is longer than these

parts, and is more sharp-pointed. In Asitits

crubronifurmis it is much shorter than either

the mandibles or maxilloe. It is narrow, tri-

angular, and rounded at its apex, with a slight

indentation, and is not used by the insect as a
lancet, as in the preceding instances, but merely
forms the anterior covering of the mouth. In
£ristalis Jlurem {e) it is a short mitre-shaped

plate, which covers the base of the mandibles
and maxillae, and articulates freely with the

clypeus. In Volucellu bombi/lans it is reduced
to a very narrow short plate, articulated with,

and, in a state of rest, inHected beneath a small

triangular one, which is inserted into a deep
cleft of the clypeus, and which appears to be
the proper analogue of the clypeus anterior.

In lihin^iu rostrata it has almost entirely dis-

appeared, so likewise has the part that we
are inclined to regard as the clypeus anterior,

which is inserted into the cleft at the extremity
of the elongated roslriform anterior part of the
head. In Echinomt/ia it still exists as a very
narrow corneous plate articulated with the
clypeus, inflected beneath the head when the
proboscis is retracted, but forming the anterior
portion of its base when the organ is extended.
In Musca it has entirely disappeared as a dis-
tinct piece, but seems to have I)ecome the
union of two corneous plates, which together
form an arch on the front of the mouth, or base
of the proboscis, and represent the mandibles,
the intervening space being covered by a strong
membrane. The mandibles, which had almost
disappeared in Lepidoptera, still exist in the
rapacious Diptera, and in those which pierce
the skin of other animals. In Tabanus they
are long, and somewhat lancet-shaped plates,
situated immediately beneath the labrum.
They are slightly curved, like a cutlass, and
sharjj-pointed. They are not employed in
crushing or cutting solid food, as in proper
inandibulated insects, but in jjuncturing or
piercing with a horizontal motion from be-
hind forwards, and not from side to side.
In this genus, however, their motion appears
to be not simply that of thrusting or pier-
cing, but also that of cutting vertically with
a sweeping stroke, like the lancets of a cup-
ping instrument, for which motion they are
well adapted by their cotyloid form of arti-

culation. Id the common gnat, Culex, they
are very slender, and sharp-pointed. The pain
occasioned by the piercing, or supposed biting
of the insect, arises from the act of thrusting
these insnunients through the skin. In these
instances the mandibles are equal in length to

the other parts of the mouth, but in Eristalis,

in which they have still the same acute form,

they are somewhat shorter. In the rapacious

Asiliis crubroniformis the mandibles of the two
sides are united to form a single, strong, sharp-

pointed barb, very acute, and ciliated at the

apex on its upper surface, and projecting be-
yond theother parts of the mouth. In Rhingia
rostrata they still exist as delicate elongated

seta?, approximated at their apex ; but in the

neighbouring genus, Volucellu, we have been
unable to detect them, except as two flat plates,

approximated to the anterior part of what we
-regard the proper curdines of the maxillae and
labrum, and by which the parts of the mouth
are thrust forwards. In Echinomi/ia the man-
dibles have also disappeared as distinct organs,

and seem to be united to the base of the car-

dines within the mouth, as in Volucellu, and
there is a similar condition of these parts in

Musca, in each instance the anterior part of the

moutli being covered by a strong membrane,
which supplies the place of the horny labrum.
The Ihiguu exists in most Diptera. It is

largely developed in Tubunus, in which it is a
single horny seta situated between the man-
dibles in the centre of the mouth. It was dis-

tinctly pointed out by Savigny, and subse-

quently by Latreille. It was called by the

former the hi/pophari/nx. The muxilla, like the

mandibles, undergo a gradual diminution of

size. In Tabanus they are straight, and as long

as the mandibles, but narrower and less acute.

In Asilus, (fig. 380,g) they are very acute and

lig. 380.

Under surface of the mouth of Asihis crabromformis.

^
in, siib'ncntum ; 1, canio ; 2,slii)is ; 3. palpifer ;

o, liicinia ; h, maxillary palpus ; I, uieutum
;

i, bgula.
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strong, witli sharp cutting edges. They are short-

er and iiiirrowfr than ttie mandibles, and are

nsiially inclosed within the sheath or proboscis

formed by the labium. In this family some of

their primary parts are easily distinguished.

Thus the blades (5) that lie within the sheath

of the labium, are the true lacinia.' in other

insects. These are articulated at their base

with the palpifer (3), a small triangular plate,

which bears the maxillary palpus and is situ-

ated most externally,—and also with a broad

squamou.s plate (2), which is united at its base

to its fellow of the opposite side, and appears

to be analogous to the stipes and rur(/o(l)

united. This plate, with its fellow, forms the

anterior boundary of the throat, and is closely

united to tlie proper gula that bounds the

anterior margin of the occipital foramen. The
muscles attached to the po.sterior margin of the

mentum and submentum pass over this plate

to be attached, one set to the anterior margin of

the gula, and the other to the posterior. In

VoluceUa homhx/lans the maxillse have lost

much of their importance, but are still easily

distinguished, and, with the other parts of the

mouth, are beginning to be merged in the

united fleshy proboscis. The cardines, upon

which all the motions of flexion and extension

in this kind of mouth depend, are very largely

developed. They are two elongated plates,

approximated to each other along their inner

margins, and to two triangular plates, the re-

mains of the mandibles, at their anterior and

lateral. Tlie cardines thus form the posterior,

or basilar part of the proboscis, and the plates

which, from being articulated within the

margin of the clypeus posterior, we regard as

analogous to the mandibles, the lateral. At

their inferior portion, which forms the joint or

elbow of the proboscis, the cardines are freely

articulated with the stipes, which is a short

plate not easily distinguished from a part of the

mandible with which it is also in apposition.

Between the stipes and cardo is a short trian-

gular plate, the palpiger, rounded at its most

inferior part, and, with its fellow of the oppo-

site side, assisting to form the elbow or joint of

the proboscis. The maxillary palpus, which

aiscs from its external border, is long and

slender, and appears to be formed of three

short joints and one very long one. At the

inner and anterior margin of the palpifer and

sti|)es IS articulated the lacinia, which, as in

Asilus, is of considerable length. It is inte-

resting to remark, that in this insect, which is

piiiasitic in its habits, insinuating itself into

the nests of humble-bees to deposit its eggs,

the mandibles, as just shewn, are atrophied, and

the two lacinia; of the maxilla;, although dis-

tinct from each other, are approximated in the

middle line to form tlie anterior or upper sur-

face of the tube to die mouth, as in Hymen-
oplera, die sides and lower portion of the tube

being formed by the labium, and all the motions

of extension and flexion in the proboscis being

dependent upon the cardines, as we have before

seen in llymcnoptera. In iliis genus there-

fore we discover one of the transitionary forms

of mouth from that of the blood-sucking in-

sects to those of die more omnivorous feeders,

all the parts of tlie mouth being less and U;ss

distinct in proportion as Uie act of taking food

is less complicated. Thus we have seen that

in Tubunm distinct mandibles arc re<|iiired to

pierce die skin of an animal, before the food is

accessible; but in the MuseiiUt, whose fluid

aliment is everj- where present, a complicated
form of mouth is unnecessary, and accordingly

we And it reduced to a simple sucking tube.

In Eristalis the maxilla are present, as in

Asilus and Volucellu, as also are tlieir (lulni,

which are nearly equal to them in length. In
Echinomi/ia they are less distinct than in ^ulu-

cella. Tlie antenor part of the proboscis at its

base is formed simply by a broad membrane
united to the anterior maigiii of the atrophied

mandibles, while die lacinise, which were dis-

tinct in the preceding genera, are united in

this genus to form the front of a lower |X>rtion

of the organ. That this union has taken

place is shewn in the presence of the maxillary

palpi, which invariablv exist in Dipterous
insects. In all the Muscida the palpi arise

from a distinct palpifer, which appears to be
connected with a proper stipes, but the re-

maining parts are not easily distinguished.

It seems evident, however, that at least the

basilar portioa of the proboscis is formed by
the union of the laciniie above and die labium
below, as in Ilymenoptera, and that the la-

bium forms the chief portion of the organ,

contrary to the opinion of Desvoidsy, who
believed that the proboscis of Diptera was
formed of the maxilla; alone, and to that of
Savigny, who regarded the proboscis as formed
only of the labium. The principle therefore

upon which the proboscis of Dipleia is con-
structed, is precisely analogous to that of
Ilymenoptera, but there are important diffe-

rences in the form of similar parts in die two
orders. Tlie labium includes the same primary

parts as in Ilymenoptera, but the labial ]>alpi

are almost in^-ariably absent. Tlie submentum
is usually indistinct. In Asilus the part we
regard as such is a small triangular plate, (m,)

distinguished only when the parts are examined
by transmitted light. It is situated between
the anterior portions of the two cardines. In
VoluceUa it is that part of the proboscis which
is nearest to the cardines, close to the articu-

lation. In Culcs, in which the cardines are

short, it is situated very close to the under
surfece of the head ; in other Diptera it is fre-

quently very indistinct. The mentum on the

contrary is always a conspicuous part. In
Asilus it is the broadest part of the proboscis (/).

It is a strong homy plate, deeply cnannelled on
its upper surface to form a canal to the mouth,
and receive within it the mandibles and max-
illa;. It is articulated with die ligula, or ex-

tremity of the proboscis (i), which is distinctly

formed of two halves approximated together,

and narrowest at the ajiex, with three slight

lateral dilatations. In I'oluceUa the mentuin

in like manner is a strong deeply channelled

plate, covered above by the lacinia:. There is
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a similar structure of the proboscis in Eristalis.

Tlie subraentum is the part in wliicli tlie flexion

of the organ takes place; the mentum,a3 in

the preceding instances, is a strong homy ])late,

almost closed on its upper as well as ils under

surface, and the ligula is horny, but terminated

by soft dilatable lips. Tlie ligula is always

articulated by a distinct jonit with the mentum,
and appears to be constantly present in this

order. Jn Asilus, as we have just remarked,

it is strong and corneous, but in the less rapa-

cious insects, as in Eristalis, and the Mitscidte,

it is terminated by two dilated fleshy lips,

which we regard as the analogues of the

paraglossit /[fig. 379, * i.) In Tabanus these are

exceedingly large and broad, and are widely

expanded to encompass the wound made by
the insect with its lancet-like mandibles in the

skin of the animal it attacks. The structure

of these paraglossoe is curious. On their outer

surface they are fleshy and muscular, to fit

them to be employed as prehensile organs,

while on their inner they are more soft and
delicate, but thickly covered with rows of very

minute stiff" hairs (*** i) directed a little back-

wards, and arranged closely together like the

teeth of a comb. There are very many rows
of these hairs on each of the paraglosss, and
from their being all arranged in a similar di-

rection are easily employed by the insect in

scraping or tearing delicate surfaces. It is by
means of this curious structure that the busy
house-fly often occasions much mischief to the

covers of our books by scraping off" the albu-

minous polish, and leaving traces of its depre-

dations in the soiled and spotted appearance
which it occasions on them. It is by means of

these also that it teases us in the heat of summer
when it alights on the hand or face to sip the

j>erspiration as it exudes from and is condensed
upon the skin. The manner in which the

fluid ascends the proboscis is similar to that of
its ascent in other Haustellata, it being de-
pendent partly upon the sucking action exerted
by the application of the proboscis, assisted by
the muscular action ofthe paraglossae, as any one
may readily convince himself on watching the

motion of the parts in the common house-fly,

when sipping a drop of fluid, or moistening
the stolen grain of chrystallized sugar between
its paraglossa;.

The pa/!/)( yet remain to be noticed. Tliose

of the maxillffi appear to be constant throughout
the whole order. In Culex they are very con-
spicuous parts, covered with hairs and as long
as the proboscis ; they are formed of three short

basial joints and three very long ones, the fourth

joint being more than twice the length of either

of the others. In Tipuhi and Empis they are

also six-jointed, but of moderate length. In
Tabanus also they are very conspicuous, and
appear to be formed of two short and one very

long joint densely covered with hairs, and serve

as a cover to the base of the proboscis. In
Asilus they are short, three-jointed, and slightly

hairy (ftg. 380, h), and they are equally con-
spicuous in most of the Musciihe and Sj/iphiJtt,

in which they arc formed in general of two short

joints and one very long one. In the common
Musca they are long and club-shaped, but in

Eristalis (jig. 379, g, h) and Volucella they are

long, slender, and sometimes covered with hairs.

The labial palpi do not a[)pear to exist in

Diptera. Savigny believed that he had ob-
served at the base of the ligula in Tabanus a
pilose excrescence which he considered the

analogue of the labial palpi ; but although, as

Mr. Newman has remarked, the spot which
Savigny pointed out is exactly that at which
they ought to be situated if they really did

exist, we have been unable to detect them or

to confirm his opinion.

In Ilomaloptera the head resembles that of

Diptera. It is rounded but flattened on its

upper surface, and is so closely approximated
to the anterior margin of the prothorax into a

notch in which it is inserted, as to appear as if

separated from it only by a suture. All the

primary parts found in the head in other insects

appear to be developed in some species of this

order. Thus the epicranium in 0.iypterum is

broad, distinct, and channelled along the

median line into a deep groove (fig. 381, h)y

Fig. 381.

The upper and under surface of the head m
Oxypterum.

h, ppicranium ; c, cornea ; (i, clypeus posterior ;

f/*, clypeus anterior; c, labriiin
; /. tindcvclopcU

maudiblcs; ;/, luaxilla ; i, labium; *, lingua.



INSECTA.

and the triangular suturo, particularly ihu ante-

rior portion, which diviucs the cpicranium

from llie clypeus posti'rior (d), is very distinct.

At the anterior external angle of this part of

the clypeus, as in (joleopteru, are situated the

unteniue (a), two short and thick porrected

organs, covered wiUi a few long hairs, and
which, although apparently corajxised esich of

two joints, appear to be rigid and motionless.

Immediately anterior to tlie clyijeus posterior,

and divided from it by a distinct suture, is a

short lunated plate (</*), tlie clj/pcm anterior.

The comua of this ])art are extended laterally

at the sides of the mouth, and are continuous

with a portion of the under surface of the head

(_/) diat bounds the labium. Uetween the two

cornua of the upper surface is extended a strong

and somewhat liomy membrane (t), tlie pro|)er

lubrvm, which is continuous with a similar

membrane on the under surface (i), the labium,

which thus forms the orifice of the mouth, the

parts of which do not appear to have been

sufficiently examined in this order. Tlius,

although the entrance to the mouth is indicated

by a distinctly marked labrum and labium,

scarcely more developed than in Coleoplera,

the habits of the insect require that it should

also be furnished with a strong sucking tube.

Accordingly we find that within this mem-
branous mouth are situated two curved homy
plates, a little convex on their extenial, but

concave on their internal surfiice, and capable

of being protruded to some distance. Tliey are

<lirected downwards, and when approximated

form a tube analogous to that of 1-epidoptera.

Tliese parts have been described by Curtis as

the niusUltc (g), of which they seem to be the

proper analogues, so that in the Ilomaloptera

the maxilla- form the sheath or outer part of the

sucking tube. At the base of these parts,

within the cavity of the mouth, are two homy
margins fringed with dark hairs, which are

probably rudimental maxillary palpi. In the

centre of the mouth is situated an elongated

slender organ (*), which is folded at an angle

like the proboscis of Dipteta, but is retractile

within the mouth, and extends backwards to

the entrance to the tesophagus. It consists of

three parts, an inferior one which is strong,

liorny, and forms a groove or canal, the upper

surface of which is covered by another smaller

piece, and tlie two inclose between them a

third setiform organ. Upon the precise nature of

these parts we do not offer a positive opinion ;

the inferior one, which is continuous with the

inflected [wrtion of the labium, seems to repre-

sent an elong-ated portion of that organ, and

tlie middle one probably is the lingua, in which

case the upper one would answer to a similarly

elongated portion of the labrum.

The under surface of the head is divided by

a deep incisure anteriorly, the margins of which

are covered with stiff' haire and form the lateral

boundary of the mouth. The nicntum (/),

described as such by Curtis, is a strong convex

plate, divided also at its anterior part by a con-

tinuation of the incisure just noticed. The
cornea (r), of an oval convex sha|)e, are situated

more on the upper than on tlie lateral part of

die head, but the ocelli in this insect are entirely

wanting, unless we regard as a large ocellus

a convex plate situated in the middle of the

most posterior part of the epicranium (t*).

I n the other genera of this order, as in Hamo-
hora, tlie head is more orbiculai and less flat-

tened ; the epicranium is broad and distinct,

and the suture between this part and the

clypeus posterior is strongly marked. In
Metopliiigua, tlie tick or sliee|vlouse, the maxilla;

are of considerable length, and the retractile

|>ortion of the labium inclosing the lingua is of
considerable strengtli. The ocelli are present, in-

serted in little excavations in Hrtmobora, but ab-

sent in Mclo/ihagus. In Ni/clcribida the head
offers a most anomalous condition of parts, its

form being, as described by Latreille, that of a
reversed cone. We have had no opportu-

nities of examining for ourselves either the head
or parts of the mouth, which, according to

Messrs. Curtis* and W'eslwood.f are styliform,

and analogous to tliose of Hippobosctr.

In Aphaiiiptera the head is compressed
from side to side, but we have not yet idenlitied

its primary parts. Its chief characteristics are

its extreme narrowness, the situation of its

antcniis, and the peculiarity of its organs of
vision, the comeae of the proper eyes being
each simple and not compound as in other

insects. The mouth is formed upon the same
general principles as in the blood-sucking

Diptera, being composed of six pnniary (larts

adapted for piercing the skin, and occasioning

the pain which distinguishes the puncturing of
these troublesome insects.

In Aptera, all of which, like the insects of
the two preceding orders, are parasitic upon
the bodies of other animals, the mouth in one
family, the true Pedkuiuia, is formed for suck-

ing, but in the other, the NirmUla, it is dis-

tinctly mandibulaled, and approaches the usual

type of mandibulated insects.

In Uemiptera the head is often flattened and
somewhat triangular, and the mouth is rostri-

form as in some of the Diptera, but llie sheath

of the organ is formed entirely by the labium

(Jig. 382, k). The cornea; are usually very

prominent, and are placed at the [xisterior

angles of the head. The epicranium is distinct,

but its occipital portion is sunk into a notch in

the prothorax. The ocelli are usually two in

number, placed on the most posterior part of

the epicranium, and are constant throughout

the order in the perfect state, but are not deve-

loped in the larva or pupa. The division of
the head into its primary parts is very distinct

in some genera. In Coreus margiiuitus the

epicranial suture is strongly marked along the

middle line as far as the space between the

cornea;, where itjoins the triangular suture which

passes outwards immediately behind the inser-

tion of the antennsB, bounding the clypeus

posterior. In some specimens, but more par-

ticularly in the pupa, a faint longitudinal suture

extends forwards over the clypeus as far as the

• Briti»h Entomolofcy, pi. 277.

i On Syderibia. in Transaction! oC tiie Zoologi*

cal Society of London, vol. i. p. iti.
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Fig. 382.

Head of PerUatoma rvjipes (Savigny),

most anterior portion of the front of the head,

where it joins with a second triangular suture

which passes outwards on each side anterior to

the insertion of the antenna:, and tlius divides

tlie clypeus anterior from the posterior. The
proper triangular suture between the epicranium
and clypeus passes backwards from behind the

insertion of the antennse along the sides of the

head as far as the margin of the cornea, thus

clearly indicating the extent of the epicranial

region, as in Coleoptera. The clijpeus anterior

is distinctly marked at the front of the head (</)

as a narrow elongated plate, a little widened at

its lower portion, where it is articulated with the

lubrum (e), which is narrow, lengthened, and
ends in a point, and covers the front of the

proboscis («), which is formed of four joints

or articulations, and is believed by Savigny to

represent the true lubrum. This part, which,
in a state of rest, is concealed beneath the

under surface of the head and prothorax, forms

a cylindrical tube throughout nearly its whole
length, from its apex to its base, where it is

covered by the labrum. It incloses four dis-

tinct setffi, which have been shewn by Savigny
to be the proper mandibles and maxillae. We
are satisfied of the correctness of this opinion
from our own examination of these parts, the

insertion of the muscles belonging to thcra

being in the basilar portion of the head, as in

all the preceding orders. But it is in Reduvius
that the parts of the head are most distinctly

marked. The occipital portion is so much
elongated backwards as to form a very distinct

neck, narrower considerably than the other

parts of the head, and the corneoe are large and
protuberant and stand out from its broadest

part, while the ocelli, two in number, are also

exceedingly large and are placed on short

pedicles almost on the constricted neck-like

part of the epicranium, far behind the cornea:,

and with their axis directed posteriorly. I3e-

tween this jx)rtion of the head and that which
contains the true cornea; is a deep transverse

impression, which seems to indicate that the

corneEE and ocelli are derived from distinct seg-

ments. But one of the most marked charac-

teristics of the epicranium in this insect is the

existence of a triangular elevation or ridge,

which commences in the usual situation of the

suture in the middle line between the cornese,

and extending outwards marks the course of
the antenna. The posterior margin of this

ridge is in the usual direction of the triangular

suture, posterior to the insertion of the antennae.

Anterior to this is a lozenge-shaped plate, the

clypeus posterior, which is elevated along its

middle hne, and which is continuous with a
similar elevation on the clypeus anterior. The
labrum is short, and terminates in a triangular

process, that covers the base of the proboscis

as in the preceding species. We have thus

five clearly indicated segments in the head of a
perfect insect,—the occipito-basilar segment
bearing the ocelli, the proper epicranial with

the corneae and antennae, the two clypeal, and
the labial. The proboscis consists, as in

Coreus, of four distinct articulations, which
form the labium, and correspond to the seg-

ments of the upper surface of the head, but
which are extended forwards and form a sheath

for the setiform mandibles and maxilla;. In
the HydrometricUe, which connect the terrestrial

with the aquatic Hemiptera, the head is elon-

gated forwards, and the corner, which are large

and kidney-shaped, are very protuberant. In
Gerris pallidum the epicranial region is short,

but the suture is still very distinct. It divides

as usual at a point opposite to the middle of
the corneae, and passes outwards to their ante-

rior margin. Tlie clypeus posterior is broad

and lengthened, and seems to have become
united with the anterior, and the antennae are

moved forwards to the base of the proboscis.

The Nepidic have a form of head similar to

that of the Hydrometridte, but the epicranial

region (fg. 383, d) is of greater extent. In

Fig. 383.

Upper and under surface of the head of Nepa cmerea
(Savigny.)

a, occiput; b, epicranium; c, cornea; d, cly-

peus posterior ; e, labrum •,ff mandibles
; g, maxil-

la; ; t, labium ; *, lingua.

the figure which we have copied from Savigny
the parts of the head are not distinguished,

but they are distinct in the insect. The epicra-

nial suture, the proper guide to a correct deter-

mination of the primary parts of the head in

every species, bounds the corneae anteriorly and
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the clypens iiosteriorly, which is reduced to a

small triangular plate (rf) with its apex directed

backwards. It is divided by a transverse suture

from the clypeus anterior, which forms a chief

part of tlie front of the head. The labrum (t),

as in the preceding siiecies, is short and pointe<l,

the mandibles (^') are long and setifonn, but

hirger than the maxillae {g), an<l the lingua (*),

according to Savigny's observations, forms a
short trifid process within the cavity of the

mouth, at the base of the maxilla^, the covering

or sheath to the parts being formed, as in the

other species, by the labium.

In llomoptera, which are considered by
many naturalists as constituting only a division

of the Hemiptera, the general form of the head

is that of a triangle, the lateral and basilar

angles of which are occupied by the protu-

berant comeoe. In the Cicadiidie the epicra-

nium is short but exceedingly wide, bearing at

its sides on distinct pedicles the large project-

ing comeae similar to the pedunculated eyes of

Diopsi$, one of the Diptera. The epici-anial

suture is most distinctly marked. It passes

outwards from the middle line on each side

behind a large, convex, transversely striated

protuberance on tlie front, which is the proper

cli/peus posterior, as far as the base of the

))edunculated comese, where the antennae are

inserted immediately in front of it. Tlie ocelli,

three in number, arranged in a triangle, are

placed on the most vertical part of the epicra-

nium, and the suture passes through the ante-

rior one. The clypeus anterior is a short

triangular plate, united by suture to the anterior

margin of the clypeus posterior. It has usually

been described as the labrum. The proper

labrum is a small pointed corneous plate, which

covers the base ol- the proboscis in front, and
is freely articulated to the margin of the clypeus.

It has been figured by Messrs. Kirby and
Spence* as an appendage to the labrum (apiien-

dicula), which, as just shown, is the clypeus

anterior. It is often partially concealed beneath

the clypeus. The mandibles and maxilla; are

usually strong corneous setic, contained within

the sheath formed by the labium. At the base

of the maxilla, concealed by the labium, are

two short membranaceous appendages, which are

probably the rudimentary maxillary palpi. They
are attached to the external under surface of

the maxilise, and are entirely concealed by
the labium. In the Fulgoridte, as in Fulgora

candeliiria, the epicranial region constitutes the

greater portion of the head. The large curved

process or horn on the front is derived entirely

from the epicranium. The cornea, which are

remarkably protuberant, are included within

the same region at the sides of the head, as

also are the two ocelli, which are i)laced one

on each side immediately before the cornea-.

Tlie untcnticc present a remarkable character,

being formed of three short thick joints, ter-

minated by a minute setaceous one. The third

joint, which is nearly globular, is covered with

minute protuberances, somewhat resembling

the structure of the comes, or rather that of

* Introduct. vol. iii. pi. 6, fig. 7, a.

the antenna; in the males of Kiicera hmgiconiit.

llicse org;ins are situated in deep fossa-, into

which the triangular suture enters. The cly|)eus

posterior forms the chief portion of the front,

as ill tlie preceding family, the clyjMjus anterior

a narrow plate united to the latter by suture,

and the labrum a small triangular apjieiidage.

We have entered thus minutely into an
examination of the parts of the head and mouth
in the different orders of insects, in consetpience

of the uncertiinty which hiis hitherto existed

among naturalists with regard to the number of
segments of which the head is normally com-
posed, and also because it was necessary that

we should first show the analogous parts of the

head in the different orders before stating our

opinions with regard to the manner in which
they are developed ; and further, because from

the minuteness of the subjects and consequent

difficulty of investigation, the most ample
elucidation was necessary upon which to base

our opinions.

In our examination of the remaining parts

of the skeleton the same minuteness will be of

less consequence, because the parts are more
easily examined, and have already been identi-

fied through the excellent and elaborate investi-

gations of Audouin, Macleay, and others.

Developement of the head.—We have seen

in our examination of the perfect insect, tliat the

head it normally composeid of four, and appi-
renlly even of five sub-segments, as is proved

by the existence of the parts we have de-

scribed, which correspond to the superior and
inferior arches of that number. The first, or

most anterior of these sub-segments, is formed
by the labrum above and the ligula below ; the

second, by the clypeus anterior and the men-
tum ; the third, by the clypeus posterior and
submentum. But the fourtli, which has be-

come entirely atrophied, is represented alrave

only by the little bones of the antennie, within

the cranium, and perhaps also tlie coniesf ; and
below by that reduplicature of tegument which
forms in some insects, as in Hydnius, the large

transverse bone, or ridge between the submen-
tum and anterior margin of the gula; while the

fifth is fonned by the epicranial region above,

and the gula and broad basilar region below,

the greater size of this sub-segment being the

result of its confluence with the preceding one,

the fourth, which has disapjieared. The num-
ber and position of these parts are precisely

similar in the larva and the perfect insect, as

seen in Coleoptera, Hymenoptera, and the ver-

miform larviE of Diptera. In each of these

instances the greater or less distinctness of the

parts is in an inverse ratio to the more or less

perfect oreanization of the individual. Thus,

if we take, for example, the head of the larva of

the common Chatter-beetle, Melolontha, the

first, second, third, and fifth sub-segments are

very distinct, and the antenntc, inserted at the

angles of a strongly marked triangular suture,

indicate the situation of the fourth atrophied

sub-segment. But in the perfect beetle, as we
have formerly seen, not only have all these se-

(Kirate jKirts o( the larva become confluent, but

their previous existence as distinct pieces is
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scarcely to be detected. A similar condition of

jjarts exists in the heads of other Coleoptera.

Tlie disappearance of one sei^raent of the head

thus early in the larva state is in perfect accord-

ance with that progressive developenient which
we know takes place in every part of the body,

and hence it was to be expected, that those

parts in which the changes first occur are those

which first entirely disap])ear. Hence the dis-

appearance of the fourth subsegment, which we
believe exists in the earliest stages of the larva,

and of which the antennse are the superior ap-

jiendages. If we turn from this transitory

larva state of the insect to the permanent ver-

miform condition of the Annelida, the lower

Articulata, we find in the common Nereis a

condition of the head apparently analogous to

that of the vermiform larva. It is elongated

forwards, and formed of distinct segments, of

which the posterior ones, as in insects, support

the organs of vision. J}ut these remarks on the

relations of the different parts of the head are

offered with much hesitation, because, in

Myria]xxis, which have usually been com-
pared with the larva! of insects, the form of the

liead seems to be opposed to this mode of view-

ing its development in Articulata, since the

antenna; and organs of vision are situated on
the most anterior part of a large and broad

shield, which has been considered the first

segment. But if this be correct, it will be diffi-

cult to explain the circumstance of the an-

tennae and cornese of hexapodous insects being

constantly situated posteriorly to the first ihive

sub-segments of the head, the labrum and clypei.

The appendages of the head, which form

part of the organs of manducation, correspond

in number to the number of sul)-segmeiits.

These parts are analogous to those which consti-

tute the organs of locomotion, when attached to

other segments of the body, as in Myriapoda,
and Crustacea. In the head of an insect the

mandibles are the pro]ier appendages of the

fifth or basilar sub-segment, while a small but
freely articulated lobe, which sometimes exists,

as in some of the Braclielytru, at the inner

side of the mandible, appears to represent that

of the fourth. The stipes, or external portion

of the maxilla, which at its base articulates

with the cardo, and at its distal extremity is

connected with the palpus, seems to be the

proper ap])endage of the submentuni, wliile

the inner portion of the maxilla, which origi-

nally appears to be a distinct part, and which
at Its distal extremity supports the galea,

seems to be the proper appendage of the se-

cond sub-segment, and the labial palpi in like

manner represent those of the ligula or first.

It has been shewn by Savigny and others, that

these analogues of the organs of locomotion

undergo a very gradual change of form and use

in the difilrent classes. In Myriapoda the ap-

pendages that belong to the basilar segment of

the head, which constitute the mandibles, are

greatly enlarged, and are directed forwards as

organs of prehension, like the chelate organs of

Crustacea and Arachnida, but are jointed and
retain the exact fonn of true legs. In insects

the mandibles are in like manner directed for-

wards, and are placed alxive those of the pre-

ceding segments, but are compressed, and mate-
rially altered in size and shape, their terminal

portions, the tarsal joints, being undeveloped,

and the tibia alone enormously enlarged, con-
stituting the whole jaw or manducatory organ,

while the basilar joints, the femur and coxa,

are lost in the under surface of the segment,

with which tliey have become confluent. That
this is really the case is proved by the fact that

all the muscles that belong to these powerful
organs are attached to the basilar and postero-

lateral parts of the head, in the very situations

which they must have occupied had the organs

remained free for the purposes of locomotion

or prehension, as in Crustacea, Arachnida, or

Myriapoda. That this conHuence of parts has
in reality taken place is further proved by the

circumstance, that the outlines of the portions

that become united with the skull are distinctly

marked in Lucaniis cervus, and still more
clearly in that of the great Hydrous {Jig. 369,
o). There is a remarkable illustration of the

principle upon which the change of form in

the adaptation of these organs to a new func-

tion depends, in that curious instance of mon-
strosity in an individual of Geotrnpes sterco-

raiiiis, described in a former page (860), in

which the tibia- of the pro-thoracic legs ha\e
been arrested in their development, and are

lunated like the proper mandibles, the tarsi

being entirely absent. In a remarkable insect,

Oiiitis ai/guliix, to which our attention was
directed by Mr. Shuckard, there is a further

illustration of this principle, in the permanent
condition of the pro-thoracic legs of that spe-

cies, in which the tarsi are entirely absent, and
the tibiiE are lunated and terminated each by a
sharp hook. There is also a similar condition

of the same parts in other species, O. OUvierii,

O.serripes, and O.cliincnsis and Apelles, while

in a speciesofaneighbouring genus, Buboslnson,

the tibife are considerably narrower than in the

preceding, and approach much nearer in shape
to the instance of monstrosity in Geolrujies,

thus distinctly indicating;, not only that the

form of parts depends either upon excessive or

deficient developement, but also that the abnor-

mal conditions occasionally met with in some
species are permanent normal conditions in

others.

From the manner in which the appendages
of the cranial sub-segments are arranged to form

the parts of the mouth, it necessardy follows

that the most posterior pair, the mandibles,

are carried upwards, and become the superior

lateral organs ; while the maxillie obtain the

next place beneath them, and the whole are

covered in by the inferior arches of their re-

spective sub^segments, which constitute the
labium.

In all insects, the whole of the parts of the

head in the i)erfect individual exist in the head
of the larva, the changes which take place
being only those of size and relative position.

When the head of the larva is smaller than that

of the future imago, as in the Ilymenoptera,
its increase of size just before the insect changes
into a nymph, and when a great portion of the
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head i» found beneath the skin of the second
segment, does not de|)cnd uimn its liaving be-

come contiuent or united with a [nrtion of that

segment, but upon the development of those

parts whicli already existed m it in the larva, so

that the diminution which the second or pro-

thoracic segment undergoes is simply an atro-

phied condition, which results from the deve-
lopment of the adjoining parts, and not from
an actual union or coalescence with them ;

since in every instance in which apart becomes
contiuent witli an adjoining one, it loses its dis-

tinctness of form and character, and does not

remain free as when simply atrophied, or ar-

rested in its developement. But wnen the head
of the perfect insect is smaller than that of the

larva, as in the Lepidopteia, the extent of the

pro-thoracic segment is not diminished, unless

encroached upon from behind by the enlarge-

ment of the meso-thorax.

The thorax is that region of the body
which immediately follows llie head, and bears

all the organs of locomotion in die perfect

insect. It is always composed of tliree very

distinct segments, first, the pro-thorax, which
bears the hrst pair of legs ; second, the meto-

thorttx, which bears the first pair of wings and
second pair of legs; and third, the meta-

thorax, which bears the second pair of wings
and third pair of legs. Besides these seg-

ments, which are analogous to the second,

third, and fourth in the larva state, there is also

anotlier, die fifth segment of the larva, which
enters in part into the composition of the thorax

of the perfect insect, and forms its connexion
widi the abdominal region. We have already

alluded to this in our account of the changes of
tlie larva, (p. 877, 8,) during which we have
shewn diat at least one segment of the body
always becomes atrophied, and very frequently

almost disappears, and that this segment is ttie

fifth. Hut we have not there sufficiently ex-

plained that this segment lielongs partly to the

thoracic and to the abdominal regions, on which
account we propose to designate it the tho-

rucieo-iibdoniinal segment, and consequently the

number of segments of which the alxlomen is

comiHised will dejiend upon whether or not we
include this in that region. For our own parts

we prefer to consider it as forming a most dis-

tinct |)art, for reasons which we shall presently

explain. Now it has been shewn by M. Au-
douin, in an admirable and elaborate series of

investig-.itions, that each segment of the thorax

is normally composed of four sub-segments,

which sub-segments or annuli are each funned

of distinct parts, one upper or dorsal, one lower

or ixjctoral, and two lateral. The four annuli

thus formed are easily demonstrable on tlie

upper surface of each thoracic segment, but are

less readily detected on the jMJCtoral or under
surface, in consequence of the parts having

there become conHuent, in order to atibrd a

greater degree of solidity to die skeleton ; and
in consequence also of the diminished extent of

the pectoral as compared with die dorsal sur-

face, which, as before explained, (page 877,) is

dependent upon die greater extent of change
that takes place on the pectoral than on the

dorsal surfice during the metamorphoses of the

insect. The parts cipablu of demonstration in

each segment, according to the views of Au-
douin, are, on the upper or dorsal surface, the

praniilum, scutum, sciUtllum, and jHtst-icutrl-

lum ; on the inferior or |)ectordl surface a single

piece, the sternum, and on the lateral two
pieces, the epklernnm and epimcron on each
side ; in addition to which there are also two
evanescent pieces, which are of considerable

size in some species, but scarcely distinguish-

able in others. These are the jmruptera, por-

tions of the thorax not articulating with the

sternum, but with the epistemum, anterior to

each wing, and the trochuntin, articulating with

the epimeron and coxa of the leg, the (larap-

tera of the pro-thorax being, according to

Audouin, absent. Hence the number of
pieces he describes as forming the external

thorax are ten for the pro-Uiorax, twelve for the

meso-thorax, and a like number for die meta-
thorax, making in all thirty-four pieces. These
are parts capable of being demonstrated, if we
regard each sternum as formed of two trans-

verse pieces united, and corresponding to the

epistema and epimera. But as remarked by
Mr. Macleay,* each sternum at the maximum
of development ought to be regarded, like the
dorsal surface of each segment, as composed
of four transverse sub-segments united longitu-

dinally, and the sides of the same number. If

dien the four portions on the dorsal surface of
each segment, and the sternum on the under,

be also divided in the median line, the number
of pieces in the thorax will amount to seventy-

two. But this number, as Mr. Macleay has

well remarked, can never appear together in

any insect, owing to the great extent to which
some parts are developed, and the consequent

atrophy of others. At the same time it must
be observed, that if we adopt this, which ap-
pears to be the correct theoretical mode of con-

sidering the subject, tlie number of pieces

which enter into the composition of the thorax

is in reality greater than that given by M.
Audouin, who has not described any parts be-

longing to the pro-thorax as analogues of the

(xu-dptera of the meso- and meta-diorax, but

which we think may be found in a pair of those

little detached plates that exist in the articu-

lating membrane between the head and pro-

thorax in Coleoptera, and which have been
described by Straus Durckheimf as piicei

jttgulaires, and conceived by him to represent

tlie remains of two distinct segments, situated

originally between the head and pro-thorax, but

which have disappeared during the transforma-

tions. But we are more inclined to consider

them as detached portions of the pro-diorax

than as remains of distinct segments, since we
are totally unaware that any such disappear-

ance of segments ever takes place between the

head and pro-thorax; die head or first segment

of every Coleopterous larva being die proper

representative of the head of die perfect insect

;

and the second segment of the larva being in

• Zoological Journ. vol. i. p. 177.

t Considerations Gen. &c. p. 7S.
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like manner that of the ])ro-thorax, the change

which takes place belvveeii these two segments

during the nietamoiphoses being chieHy a

slioitening of the sternal surface of the pro-

thorax, or second segment, occasioned by a re-

flexion inwards of a portion of the external

tegument, to form the articulation as in other

insects. If, therefore, we include the jugular

pieces of Straus as the analogues of the parap-

lera, the external surface of each of the three

thoracic segments will be found to consist of

twelve primary and readily demonstrable

pieces, making in all thirty-six, the number
which we believe always enters into die com|X)-

sition of the thorax, as formerly stated by M.
Jurine. But it is probable that the ])arts de-

scribed by M. Audouin, and recognised by our-

selves, are not identical with those of that

autlior, since the scutum of the meso-thorax in

Ilymenoptera, as will presently be seen, and as

formerly pointed out by Mr. Macleay,* is not

only divided in the median line, but its two

sides are also se|iarated by a deep longitudinal

fissure each into two parts, the outermost of

which Mr. Macleay designates parupsides.

This division of the scutum of the meso-tho-

rax, if constant in the other orders, would raise

the number of distinct pieces to thirty-eight.

M. Audouin, who adopts the name given to

these parts by Mr. Macleay, states that although

he was previously well acquainted with this

division of the scutum in Ilymenoptera, he

did not assign names to the pieces because he

considered tliem rather as mere divisions of the

scutum itself than as distinct parts of the ske-

leton. The existence of these pieces, therefore,

in Ilymenoptera, is a circumstance connected

with the number and identification of the nor-

mal parts of the skeleton, which, it must be

acknowledged, offers not a little difficulty, be-

cause if it be ultimately found that these, which
are so distinct in some genera, the Cliiysidido', be

in reality normal parts of the mesothorax which
are thus shown to exist as such only by this

segment being developed to its maximum ex-

tent in this Order, it must be admitted that

they also exist primarily in all other insects,

not merely in the mesothorax, but in the pro-

and metathorax, so that the dorsal surface

of each thoracic segment must be regarded as

formed not of four but of sixteen parts, the

pra'scutum, scutellum, and post-scutellum

being each divided in the same manner as the

scutum into four pieces, first by a median line

into two halves, and these again divided late-

rally into two others. The two middle pieces

would then constitute the notuni, or dorsal sur-

face of each segment, and the two lateral the

parupsides. An equal number of parts must
then be recognised as entering into the forma-

tion of the ventral arch of each segment. Each
middle or sternal piece, formed of four con-

secutive pieces, analogous to those of the dorsal

* Zoological Joum. vol. i.

arch, and divided in the median line, would
correspond to the middle series of dorsal pieces,

the proper nolum, and a like number oil each
side of the sternum would coirespond to the

lateral portions of the dorsal arch, the parap-

sides. Of these lateral pieces of the ventral

arch, three are already known in each segment,

as we shall presently find, the pu/aptcruii, epi-

slcrnum, and cpivieron. But since there has

never yet been actually found even an approxi-

mation to this multitude of pieces in the dorsal

surface or arch of the thorax, we prefer for

the present to follow the views of M. Audouin,
and with him to regard the parapsides as only

detached portions of the scutum in Ilymenop-
tera, in which the development of the meso-
thorax is carried to its greatest extent. It must
be acknowledged, however, that in admitting

the parapsides to be only detached portions o>

the scutum, and not primary parts, the same
thing may be urged wilh regard to some of

those which, according to M. Audouin's views,

are believed to be normal structures. But this

objection seems to be replied to by the fact

that the pieces described by M. Audouin are

almost always found to exist most distinctly

marked, whether developed to a greater or less

extent, in the generality of insects. Thirty-

six, therefore, we regard as the number of

the distinct external parts of the thorax. Yet
even this is more than has been recognized

by others who have attended to this subject.

Thus Knoch describes only twelve, Chabrier

and Burmeister, eighteen ; Kirby and Spence,
twenty ; Straus Durckheim, tweiity-lwo ; and
Macleay, fifty-four. But whatever be considered

the exact number, they are never all distinctly

develo[X)d in every insect, owing to the causes

before explained with reference to the greater

developement of some parts than of others, al-

though some trace of the existence of the atro-

phied pieces usually remains. It is owing, also,

to the same causes, that the actual position of

the parts becomes altered in different insects,

although their relative position continues the

same.

Very much confusion has arisen in the de-

scriptions of the parts of the thorax, in conse-

quence of various authors applying different

names to the same parts in different insects,

and also from the uncertainty which, as above

shewn, exists in the opinions of authors wilh

regard to the exact number of pieces that enter

into the composition of the thorax. In order,

therefore, to obviate as much as possible this

serious inconvenience and difficulty in recog-

nizing the parts, we shall add a table of the

names given to them by Audouin, with refe-

rences to the delineations of Uiein by that

author, and also the synonyms used by other

writers. In doing this we shall also adopt

Burmeistcr's very convenient names for the

upper and under surface of each thoracic seg-

ment, which are equally simple, and distinctive

of the parts to which they are applied.
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The pro-tlwrax, as we have stated, is com-
posed of four sub-segments, which on its upper

surface, or pro-notum, are generally confluent,

more particularly in Coleoptera, and form a

smooth, uniform, and often very broad surface.

In sluipe, the pro-notum is usually more or less

quadrate and convex, with its sides arched and

dilated. In many species, as in some families

of Coleoptera, Orthoptera, and Ilomoptera,

the pro-notum is larger than the conesponding

part of any segment of the body, being consi-

derably broader and longer than the head.

This is the case more especially in those in-

sects which are much employed in burrowing,

as in Gryilotalpa, Geotriipida, Copride, and

Silphida:. Sometimes, as in the Cercopida, it

is enormously enlarged. In ManhracisJoUatu

it is developed in the median line into an ele-

vated crest like that of a helmet, which is not

only extended forwards so as completely to

conceal the head, but also laterally and back-

wards over the whole body. In others of the

same family, as in Lcdra, it resembles an acute

triangle, its sides being developed into two ob-

tuse processes, while it is elongated backwards

like an acute spine, which completely covers

the abdomen. In other instances, as in Uynas-
iidtc, (Jig. 333,) it is developed into a strong

horn or process, which is as long as the whole
body. In each of these instances, the abnormal

form and size depend either upon the exces-

sive development of the whole of the sub-

segments, as in Giyltotulpa, or upon one or

more of them, as in Di/nastes, since in those

species in which the parts of the pro-notum are

all nearly equally developed, and are of moderate

size, their lines of separation are very distinctly

marked, as in the common green grasshopper,

Acrida viridissima. The pro-sternum, or under

.surface of the pro-thorax, is considerably shorter

than the pro-notum. In Dyticus circumiiexus

(Jig. 384 A), the species selected by Audouin

JF^. 384.

to each acetabulum is a broad and somewhat
triangular-shaped plate, the episternmn (2f).
This part is united by suture at its anterior

margin to the extended part of the sternum, by
its superior border to the dilated margin of the

pro-notum, and by its posterior to the cpiiiieron.

It is a very distinct piece, and does not enter at

all into the formation of the acetabulum, as it

appears to do on a cursory examination. The
third piece, the epimcron (2 A), is that which is

always connected with the coxa, or basial joint

of the leg. In this species it is a narrow plate,

situated posteriorly to the episternum, and
forms the posterior margin of the sternal surface

of the pro-thorax. At its sternal end it has a

short process, that forms the outer margin of

the acetabulum, and articulates both with the

sternum and episternum. It is probable that a

portion of this process is the proper trochuntin

of the leg on each side, since the part, which

has been described by Audouin as the tro-

chantin in the meso- and raeta-tlioracic seg-

ments, has not been delineated in his drawing

of the pro-thoracic. In Dyticus tiuirginalis

there is a mark upon the process which resem-

bles a suture, and which still further induces us

to believe that this part is the analogue of the

trochantin. Within the cavity of the pro-

thorax, extending upwards from their attach-

ment to the pro-sternum, are two bony rami,

which at their inferior extremity are developed

into two rounded plates (2 s), that form a col-

lar, or leave a circular hole between tliem for the

passage of the spinal cord. They constitute

the imte-furca, the ento-lhorax of Audouin.

These are the parts that enter into the formation

of the pro-thorax, exclusive of the anterior pair

of legs, the only appendages of this segment.

Fig. 385.

A, wider-mrface of the first segvnent of the
thorax or pro-sternum of Dytwus circumjiexw,
(Aiidouin); 2 g, pro-sternum; 2 /, cpisternuai

;
2 h, cpimeroD ; 2 s, ante-furca or emo-thorax.

for the purpose of illustrating the anatomy of
the thorax in Coleoptera, it is divided into

three distinct pieces. The sternum, or largest

piece, (2 g,) is situated in the middle line, and
is of a triangular form. It is extended on
each side, at the anterior part of the segment,
into two processes, which articulate at their ex-
tremities by a distinct suture with the produced
margins of the pro-notum. Posteriorly to these
it is developed in the median line into a spine
or crest, on each side of which it is hollowed
out to form part of the ticetiihula, into which the
coxffi of the anterior legs are inserted. External

1^

Part of the meso-thorax . (Audouin.)

A, mcso-sternum ; 3 a, pnEsciitum ; 3 b, scutum ;

Sc, scutellura; 3 d, post-scutellum ; 3 e, parapte-

ron ; 3 g, meso-sternum ; 3/, episternum ; 3 h, epi-

mcron ; 3 *. medifurca, or ento-thorax.

The meso-thorax, (fig. 385,) or third segment

of the body, is usually less developed in this

order than the pro-thorax, with which it is freely

articulated by a strong membrane. It is, as its

name implies, the middle portion of the tho-

rax, and in most instances its division into four

sul>segments is distinctly marked on its dorsal
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xurfnce, or meto-notum. It is the segment
tliat beiirs the elytra and middle pair of legs.

The first piece, the pirrsculiim (3 a), is in ge-

neral narrow and transverse; it is very readily

overlooked, liemg in most cases bent down-
wards to form the uitso-pliragma, tlie anterior

Ixjundary of ihe segment. The second piece,

the scutum (3 li), is a much broader and very

distinct corneous plate, and may be regarded,
perhaps, as the most im|X>rtant division ol the

meso-nolum, since it is to this that the ante-

rior pair of wings, the elytra, are articulated.

It is followed by the iiutellum (3 r), which
also is a very im|>ortant division. Like the
scutum it is a broad piece, that covers the pos-
terior part of llie meso-notum, and extends
on each side to ihe base of the elytra, the

<//«/«, which are continuous with them, being
attached to its margin. Jt is developed in the
middle line into a remarkable elevated plate,

tliat i."! shaped like an armorial shield, and
is so exceedingly large in some species, that

it covers nearly the whole of the body. In
])t/ticus, and most of the Coleoptera, it is the

small triangular plate which is situated be-
tween the elytra, at their base, and is supposed
to be of use in keeping these organs steady
during flight. Tlie fourth and last piece of the
meso-notum, the pmt-scnteilim {3 d), like the

pra-scutum. is narrow and inconspicuous. It

IS situated immediately behind the scutellum,

and is tlie posterior boundary of the meso-
notum. These parts together form the dorsal

surface of the hrst wing-bearing segment,
which is developed to as great an extent on its

under as on its upper surface. The meso-
notum is most fully develoi)ed in tliose insects

in which the anterior pair of wings are the

largest, as in the Lepidoptera, llymenoptera,
and Diptera, while in those iii which the chief
organs of flight are the posterior wings, as in

the Coleoptera, it is the smallest of the three

thoracic segments. The meso-sternum (Jig. 385,
A), like the pro-sternum, is formed by a strong
middle piece, the proper sternum of the seg-

ment, (3 g,) which is developed laterally into

two processes, behind which the coxse of the

middle pair of legs are articulated, and anteri-

orly and laterally the episterna (3./) and epi-

mera (3 A). Each epistcmal piece is a broad
elongated plate, which forms the anterior part of
tlic meso-sternum. It is attached to the ante-
rior margin of the lateral sternal process, so

that its actual position is a little altered, the

corresponding part of the pro-thoracic segment
being situated behind the process of the sternal

piece. This is a circumstance wliich occa-
sionally takes place in the development of
every part ot the skeleton, the actual position of
one part being altered by the greater or less de-
velopement of another, while the relative posi-

tion of each part always continues the same.
Thus, although the episternum is situated more
anteriorly in the meso- than in the pro-sternal

surface, it still continues to be articulated with
the sternum. The epimeron (3 h) is situated

behind the episternum. It is a narrow elon-
gated plate, that forms the posterior portion

of the meso-thorax, and is united to the anterior

of the meta-thorax. At its superior extremity

it is much broader than at its inferior, which is

articulated with the extremity of the sternal

f>rocess, and also with the coxa; of the middle

egs. At the anterior border of the episternum

there is a very narrow but distinct plate, the

fMriipteroH (3 e). Tliis piece, which is con-

nected es|)ecially with the wings, undergoes a
great change of form and size in the difiierent

orders. In the Coleoptera it is narrow and
evanescent, but as we sliall hereafler see, is

largely developed in the I>epidoptera. It is

evidently a normal portion of the skeleton, but

has only been descnbed by Audouin as found

in the meso- and meta-lhoracic segments. We
have before alluded to the existence of two

detached pieces in the connecting membrane of

the pro-thorax and head, which we regard as

the analogues of these pieces of the meso- and
meta-thorax. If this be correct, the relative

position of these to the other parts of the pro-

sternum is precisely similar to that of the same
parts of the meso-sternum. Tlie medifurca,

(3 »,) or ento-lhorax of this segment, is at-

tached to the internal surface of the sternal

piece, as in the pro-thorax. It is formed by
two ascending rami, which are larger and
longer than those of the pro-thorax, but like

them are developed into two expanded por-

tions, which are approximated together and

form an arch, under which the nervous cord

passes in its course to the meta-tliorax.

Fig. 386.

^^^

PartM of the meta-thorax. (Audouin.)

A, me«o-8iernum ; 4 a, pra-scutum ; 4 b, scutum ;

4r, scntcUiim,- 4rf, post-scuielluin ; 4e, parapieron;

4/, episternum ; 4g, meta-sternum ; 4 A, epimerOD ;

4 e, post-furca.

The meta-thorax (fig. 386) is the fourth seg-

ment of the body, and the third of tlie thoiacic

region. Its upper surface, or meta-nolum, as

in the preceding segments, is divided into four

portions. The praacutmn (4 a) is a narrow

transverse plate, which is bent down at its ante-

rior margin like the prjcscutum of the meso-

notum, to form the meta-phragma, and is ex-

tended on each side as far as the paraptera,

bounding the insertion of the wings. In the

middle line it is extended backwards upon the

dorsal surface as far as the scutellum, thus di-

viding into two parts the second piece, the

scutum, (4 b,) which, like the corresponding

part of the meso-notum, is connected with the

3o2
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wings of the segment. This connexion is the

great characteristic of the scutum in all insects.

The next piece, the scutetlum, (4 c,) is a much
broader plate, and is extended across the whole
surface of the raeta-notum. Like the corre-

sponding piece of the meso-notum, it bears on
the middle Ime an excavated shield-shaped

plate, and is connected at its external margin

with the borders of the wings. The last piece,

the post-scutellum, (4 d,) which, although nar-

row like the pra;scutum, is a strong horny plate

that extends on each side, and like the scutel-

lum, is connected with the wings. Its posterior

margin is bent down to assist in forming the

division between the thorax and abdomen, and
is connected with the remains of the atrophied

fifth segment. The meta-sternum (A) is fre-

quently the most developed portion of the

meta-thorax, particularly in those insects

which, as Audouin has observed, are especially

walkers. In Dyticus, the middle piece, the

proper sternum (4 g), is a smooth expanded
plate, which is produced at its anterior part into

a spine, that articulates with the emarginated

extremity of the crest of the meso-sternum. On
each side of the spine it is developed into a
broad, smooth, triangular plate, to the anterior

border of which is articulated the episternum,

(4 J',)
also of a triangular form. This piece oc-

cupies the anterior lateral region of the meta-
sternum, and the parupteron, (4 e,) which is

situated immediately beneath the insertion of

the wing, is articulated with its superior border.

The epimeron (4 h) of this segment is exceed-
ingly small, and appears at first to be removed
from its proper situation, being carried upwards
to the side of the body by the enormously ex-

panded coxa (/). But although removed from
its usual situation, and reduced in size, it still

retains its characteristic distinction, that of arti-

culating with the coxa, and also with the tro-

chantin (!), (k,) which, although minute, is in

connexion both with the coxa and epimeron.
The metu-J'urcu, or ento-thorax of this segment,

(4 s,) is an exceedingly large and important
piece, shaped like the letter Y. It is attached

at its posterior extremity to a thin vertical

plate, which is situated between the united coxse

of the legs of this segment, and it is also arti-

culated with the posterior part of the internal

surface of the meta-sternum. Trom this at-

tachment it is extended upwards and forwards
into the middle of the meta-thorax, where it is

expanded on each side into two broad curved
plates, to which the muscles of the posterior

legs are attached. In the middle line it is

grooved, and at its anterior part forms a par-
tially covered canal, along which the nervous
cord is transmitted in its course to the abdo-
men. Besides the parts now described, there

are also two curved plates reflected inwards
from the posterior margin of the meta-sternum,
where it is articulated with the coxa;, and also
one centml vertical one, which arises in the me-
dian line from the interior surface of the ster-

num, and which appears to be the proper inte-

rior sternal ridge. Each of the posterior coxoe
is also furnished with a broad plate, which is

Situated within the intta-thorax, on each side of

the attachment of the post-furca. These part*

afford attachments for the muscles of the legs.

Fig. 387.

Skeleton of Hgdr'om piceiu.

A, pectoral surface; B, dorsal surface ; 2
>tum ; 2 a, prosternum , 2 f, episternum

;

pro-

mcMO*
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nohon ; 3 a, pneicntiim ; 3 b, •cutnm ; 8 c, tcutcl-

lum ; 3 fj, post-scutellum ; metti-itermtm : 3^, iter*

Oum ; 3 A» epifiternum ; 2ft opimiTon ; 3 i, crest of
the meso-stornuin j 3 Cp par&plcron ; 3 A, trochan-
tin ; 4, metanoium; A a, prxscutum j 4 b^ iicu-

tuin ; 4 c, •cutellum ; 4 d, poat-uutelluin ; 4 e,

parapteron; meta-stemum ; \f, epistemum
i

4 ^,
meta-slcmuni ; 4 A. epiraeron ; 4 i, crcit of meta-
tterniim ; 4 *, trochantin (?) ; 4 /, coxa ; 4m, tro-

chanter
i 4 n, femur ; o, tibia

\ p, tanus
; q, un-

guif.

These segments constitute tlie proper thorax

of the insect, and the parts we have described

are found in nearly all the L'oleoplera, the most
perfect species ; although, as before stated, they

are sometimes greatly modified in shape, and
varied in size and position, in order that the

body of the insect may be adapted to its pecu-

liar habits. Thus in the great water-beetle,

Hi/druus piceus, {fig. 387,) which in its general

appearance and mode of life very nearly resem-
bles the Dyticus, and not only burrows deeper
into the mud at the bottom of stagnant waters,

but is also accustomed to float among the

weeds on the surface to bask in the sun, the

form of the sternum is admirably adapted to

its habits. The sterna of the meso-thorax and
meta-thorax are not only both armed with a
strong keel like a boat, but the two are firmly

articulated together, which enables the insect

more securely to float on the surface of the

water, and thus aflbrd additional strength to its

whole body for the accomplishment of its ob-

ject. But in the Dyticus, to which it is of

the utmost consequence to be able to swim
with the greatest rapidity, and turn with facility

in the water, in the pursuit of its living prey,

the pro-sternum ana meso-stemum only are

slightly keeled, while the meta-sternum is

smooth, and the sides of the body are acute,

and offer the least possible resistance to its

movements. In addition to tliis, to afford suf-

ficient strength to the body, together with faci-

lity of motion, the sternum of the meta-thorax

is produced in front into a short spine, which is

inserted into a notch in the posterior part of

the meso-stemum ; while the cox;e of the poste-

rior pair of legs upon which the chief efforts in

swimming depend, although enormously en-
larged to afford sufficient space for the inser-

tion of the muscles, are flat and smooth like the

rest of the under surface of tlie body, in order

that they may not oppose the slightest impedi-
ment to the motions of the insect. The difJerent

forms of the coxse (/) and of the acetabula (4 A"),

into which tliey are inserted, have also a refe-

rence to the habits of the species. The large

posterior coxae of the Vi/ticus are immoveably
united by suture to the posterior margin of the

meta-sternum, because, in this insect, the pos-

terior pair of legs being especially designed for

swimming, and their motions consequently

being almost wholly in one direction, addi-

tional strength is afforded to these organs by the

immobility of the coxa;. In the Hydrous, in

which all the legs are employed in walking, as

well as in swimming, the coxsk are freely

articulated in their respective acetabula,

and each one is supported in part by the tro-

chantin (1), (k), which i« mors developed than

in the other insect.

The strength of the body depends much upon
the size of the thoracic segments, and the firm-

ness ofunion which exists between them. Hius
in those species which are more especially em-
ployed in walking, in flying, or in swimming,
the meso- and meta-thoracic segments are the

largest. If the insect be aquatic, the largest

parts, as we have seen, are the sternal surface of

the meta-thorax, and its coxae ; but if, on the

contrary, the habits of the insect be aerial, then

the dorsal surface of the segment is larger than

the sternal. In those insects which are mostly

employed on the ground in running or walking,

as the Carabidtt, Geotrupidtr, Coprida, and
Lucanidtt, the meso- and meta-thoracic seg-

ments are often anchylosed together, to give

greater strength to the whole body. This is

particularly the case in Lucanut rervus (Jig.

388), in which the small sternum of the meso-
thorax (3 g) is firmly anchyclosed to the enor-

mously enlarged sternum of the meta-thorax.

The reason for this is not merely to afford

greater stability to the meta-thorax and its

wings, upon which entirely devolves the labour

of supporting this unwieldy insect during

flight, but also to give greater strength to the

whole body, during the efforts of the insect to

strip off the bark from the smaller roots and
branches of trees, to obtain a flow of the juices

upon which it subsists. That such is the reason

for this anchyclosed condition of its segments

is evident from the circumstance, that it occurs

not only in those insects which require great

muscular power during flight, but also in those

which are much accustomed to laborious efforts

in tearing, in burrowing, or in running. In

these, also, the acetabula (2 r, 3 r), are exceed-

ingly deep, and almost entirely enclose the

coxa: within them, so that while the limb can

be rotated freely in almost every direction, a
dislocation of it is utterly impossible. The ace-

tabula are situated on each side of the poste-

rior part of tlie sternum, in each of the three

thoracic segments, and in general are formed

by an approximation of the sternum and epi-

meron, and sometimes, also, of the epister-

num, as in the Dyticus {Jig. 384, A). W hen,

as iu this instance, the episternum enters

largely into the formation of the acetabulum,

the epimeron is carried backwards, and forms

tlie postero-lateral boundary, the episternum

the antero-laleral, and the sternum the anterior

boundary, so that the acetabulum is formed by

the junction of three articulating sutures, and

completely surrounds the coxa. This consoli-

dation of parts gives an amazing increase of

strength to the segment in which it occurs, and

is one of the circumstances which enables the

insect to exert a degree of muscular power

which is sometimes truly astonishing. It oc-

curs in general in the pro-thoracic segment, as

in Lucanus, (388, 2,) Geotrupes, Ateuchus, and

other Lamellicomes. A similar condition of the

acetabula of the meso-thorax exists also in the

same insect (3 r). But instead of the posterior

wall of the cavity being formed by the epi-
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Fig. 388.

Internal sheleton of Lucanus cervus.

meron, it is formed by a reflection inwards of
part of tlie anterior marijin of the nieta-stemum,

(4 (/,) with whicli the meso-stemum has become
anchyclosed, and the episternum and e[)imeron
form the lateral boundary of the cavity.

The oreat strength of limb required l)y insects

for other purposes than those of locomotion, be-
longs especially to the first and second ])air of
legs, and consequently the articulations of
these with the body are required to be most
secure. We have seen that in the aquatic in-

sects the posterior pair are almost solely em-
ployed in swimming, and in the terrestrial in-

sects they are in like manner employed chiefly

in locomotion. The necessity, therefore, for d

consolidation of the walls of the acelabula,

into which they are inserted, is not so great as

in the preceding instances, and consequently we
find that those for the posterior pair (4 r) are

formed by the posterior margin of the expanded

meta-sternum in front, and the consolidated

margin of the inferior surface of the fifth or

thoracico-abdominal segment behind, reflected

inwards and upwards, and loosely articulated

in the median line with the sternum, thus al-

lowing of the freest motion to the coxa;, the

sides of each being formed by the epimeron.

But in insects which move with a sudden

effort, as in jumping, and in those that employ

the hinder legs as prehensile organs, like the

Coprida, Ateucin, and others, these legs, like

the anterior ones, are inserted into deep

acetabula.

The tibdomen, or third division of the body,

is entirely destitute of organs of locomotion.

It contains the cliief part of the digestive, re-

spiratory, circulatory, and generative systems,

and, like the thorax, is composed of distinct

segments. These are nine in number, if the

fifth segment of the body, which almost disap-

pears during tlie change to the perfect state, be

included. This segment, however, we prefer

to consider as a distinct part, so that the abdo-

men consists certainly of eight segments, be-

sides the anal appendages. Each segment is

formed of one dorsal and one ventral plate,

connected at the sides by a distinct membrane.

Only five of these plates are in general to be

observed on the under surface, but some trace

of the whole number is always seen on the

upper, and also at the sides ( J?g. 388). This

arises from the circumstance that a portion of

the ventral surface of the first three segments of

the larva is employed in forming the under

surface of the anterior part of the abdomen of

the perfect insect, the change in Coleoptera, as

in other insects, being carried to a greater ex-

tent on the under than on the upper surface of

the body. One segment, also, the anal one,

becomes partly removed from the others at the

posterior i)art, and is retractile within the ab-

domen, so that there are only five connected

segments to the ventral surface, but nine on the

upper. The form of the abdomen is in general

somewhat triangular or oval in Coleoptera, its

basial part being of the same width as the tho-

rax. Each segment is freely moveable, the an-

terior part of one being retractile within the

posterior of another. At the external margin

of each dorsal plate, in the membrane that

connects those of the upper with the under

surface, there is an oval corneous ring, the

spiraadum, or breathing orifice, which commu-
nicates internally with the organs of respiration.

In most of the Coleoptera the abdomen is co-

vered by the elytra, but in some species it is

exposed, as in the oil-beetles, rove-beetles, and

ear-wigs. In the latter instances it is furnished

at its extremity with strong forceps, which

appear to be analogous to parts which we are

about to consider more particularly in other

insects.
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In Orthoptera the structure of the thorax is

similar to that of tlie Coleoptera, hut it is un-
necessary to describe it more minutely at pre-

sent, a greater interest being attached to the

whole skeleton of those insects which undergo
metamorphoses, more {)arlicularly tlie Ilymen-
optera and Lepidoptera, than to those in which
these interesting changes do not take place.

The structure of the thorax in Hymenoptera
merits considerable attention, from the circum-
stance that it is scarcely yet decided whether it

be composed only of three distinct segments of
the larva, or whether a fourth one enters in part

into the conijiosition of it. We have seen that

in the larva slate m this order there are fourteen

distinct segments, besides an anal tubercle, and
that during the transformations the body is con-
stricted in the fifth segment, which seems to

form the connexion l>etween the thorax and
abdomen. According to tlie usually received

opinions, the true thorax is always composed of
but three segments, but M. Audouin believes

tliat this is not strictly the case in Hymenop-
tera, and has endeavoured to shew lliat in this

order the posterior portion of the thoracic region

is part of a segment that belongs to the abdo-
men. Mr. Macleay, on the contrary, contends"
that this is not an additional segment, but is in

reality part of the fourth or meta-thoracic seg-

ment of the larva. In this opinion he is sup-

ported by Burmeister and Westwood, while the

views of Audouin are advocated by Latreille

and Kirby and Spence.
The pro-thorax, which is a large segment in

the larva state, is greatly reduced in size in

the perfect insect, owing to the operation of

causes which take place during the metamor-
phoses. But it is not so much reduced as in

the Lepidoptera and Diptera. The boundaries

of this segment in Hymenoptera, like those of

the mcta-tliorax, are a subject of dispute among
naturalists, owing to the segment in the perfect

state being divided into two distinct parts, the

first of which is articulated with the head, and
freely moveable upon the other, which is at-

tached firmly to the meso-thorax. The piece

articulated with the head is believed by Kirby

and Spence to represent the entire pro-thorax,

or second segment of the larva. It bears the

first pair of legs, and in the winged species is

readily det;iched from the other, which is the

collare of those authors, who, on account of its

being attached to the great meso-thorax, believe

it forms a part of that segment. This, as Mr.
Macleay has shewn, is not the fact, as is proved

by the circumstance that in the Ants and other

walking Hymenoptera it is readily removed

from the meso-thorax, and is united to the

anterior piece, which bears the first pair of legs
;

while he suggests that the reason for its being

attached to the meso-thorax in tlie flying spe-

cies, is to give strength to that segment, and
support the wings.+ We have convinced our-

selves of the correctness of this view of tlie

subject by an ejcamination of the parts in Ich-

neumon atropos, (fig. 389, 390,) in which the

* Zoological Journal, vol. i. p> 145, et aeq.

t Op. cit. p. 168.

Fig. 389.

Ichneumon Atnpot.

2, pronotom ; 3 b, acutum of mcio-thorax ; 3 e,

•ciitcllain ; 3 e, parapleron ; ', wing ; 4 b, KUtam
of mcta-thorax ; 4 d, freouiu ; 4 c, sculeUum ; * *»

apirade \ /, coxa.

two pieces are freely separable. The prt-saUum
and scutum of the pro-rwtum are exceedingly

short and evanescent, as described by Mr.
Macleay in Potistes, the prx-scuturo being

merely a ligamentous membrane that unites

this segment to the bead. The scutum is a
short plate that forms tlie upper surface of tlie

anterior portion of the segment, the sides being

formed, as we shall see, by the epimera and
epistema (2g). The ixjsterior piece, the uutel-

lum, is of considerable size laterally (2 A), but

it is short on the upper surface (2), and is deeply

notched to fit it to the anterior part of the raeso-

notum, its two sides being produced into a some-
what triangular shape, and wedged in betweea

the scutum of the meso-thorax and the epister-

num on each side. The post-scutellum exists

only as a rudimentary membrane, which assists ,

to mark the proper boundary of tlie pro-thorax,

this being, as Mr. Macleay has observed, one

of the proofs that the scutellum now described

does not belong to the meso-thorax, while the

non-existence of a similar membrane, or

phragma, between the two portions of the pro-

thorax itself, affords an additional reason for

considering these but as parts only of one

segment.

The meso-notum is the most largely deve-

loped portion of the thorax in this order, as in

Diptera and Lepidoptera. It is a convex elon-

gated plate that covers nearly the whole of the

dorsal surface of the thorax. The prse-scutum

is a vertical piece, developed inwards to assist

in the formation of the pro-phragraa that di-

vides the collar from the scutum. The scutum

(3 6) is broad, convex, and lozenge-shaped.

At its sides are developed the anterior pair of

wings, and at its base, which is slightly Uun-
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cated, i» an elevated scutellum. It is marked
on the median line by a longitudinal suture,

and in some genera by two otiiers, one on each
side of this. In the Chri/xididii', these lateral

markings completely divide the scutum into

three distinct pieces, the two outermost of

which are those to which Mr. IMacleay has

given the name of purapsides, and which he
somewhat curiously suggests may probably be
a third pair of paraptera,* those of the pro-

thorax, pushed out of their proper place. But,
as remarked by Audouin,f in his notes to Mr.
Macleay's paper, were this the case, it would
indeed be a most singular displacement ; at the

same time we are compelled to acknowledge
that we hesitate to admit the explanation which
M. Audouin has given of the nature of these

pieces. He regards them as mere divisions of
the scutum, and not as elementary parts. If

this be the case, other parts that are consi-

dered as distinct pieces may with equal justice

be regarded as only occasional divisions of
more important ones. They seem rather to in-

dicate the division of the skeleton into a much
greater number of parts than are at present

recognized in it. We are led to this opinion
from the circumstance that these markings
exist more or less distinct in very many species.

We have found tliem very distinctly in the
dried skeleton of Bomlms terrestris. The scu-

tellum (3 c) is of large dimensions in most of
the Hymenoptera, and is usually considerably
elevated above the level of the scutum. It is

in general of a triangular figure, and in many
species of this order, as well as in some Dip-
tera, is a marked character of the thorax being
often armed with spines. The post-scutellum
is not developed externally, but its position is

indicated by an elevated ridge, which is ex-
tended forwards on each side from the hinder
part of the scutellum very nearly to the base of
the anterior pair of wings, as in the Diptera
and Lepidoptera, and indicates the boundary of
the segment. It forms the meso-phragma, and
as Mr. Macleay has remarked in Folistes, is

connected with the scutum only at the sides,

being deficient in the middle line. The pec-
toral surface of tliis segment, the mem-sternum,
is larger in Iclineumon Atropos (Jig. 390)
than in many other species. In form it is

nearly quadrate (3 g). It covers the whole
under surface of the segment, and is divided
by a deep fissure into two halves. At its ante-
rior margin it is united by an indistinct suture
to a thin phite, the epistcrnum, {3J\) tiiat covers
the front of this part of the segment, and is

almost hidden behind the pro-tl;oracic legs, and
it has sometimes been considered as forming
part of that segment. Its lateral portion passes
upwards posteriorly to the collar of the pro-
thorax, and forms a process that projects be-
neath the anterior pair of wings, and above the
epimeron, (3 li,) which is the chief portion of
the side of this segment. At its inferior margin
this piece is united by an indistinct suture to
the sternum, at its anterior to the episternum,

• Of>. «ie.p. 169.
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and at its posterior it is articulated with
the coxa of one of the middle pair of legSv

Fig. 390.

Lateral tneiv of thorax of lehneumon Atropos.

2g, epistcrnum; 2 h, epimcroa and scutellum'
of pro-thorax ; meso-thorax ; 3 t, scutum ; 3 c;
scutellum ; 4 d, fvenum ; * *, stigma ; 3 A, epi-
meron ; 3 ^, sternum ; 3 f^ episternum ; 5, scu-
tellum ; 4 b, scutum of meta-thorax ; b' to 14,
segments of the abdomen.

The next segment, the meta-thorax, is an exceed-
ingly interesting portion of the body, owing tc
the varied extent to which it is developed ii>

the different Orders of Insects ; and on account
more particularly of the question that has been
started, as to whether this portion of the thorax
in Hymenoptei-a is formed entirely by the
fourth segment of the larva, or whether a por-
tion of the fifth also enters into the compositiorj
of its posterior part, as believed by Audouiiv
and LatreiUe. According to Mr. Macleav, the
first piece of its dorsal surface or rneta-notum,
the piie-scutum, is very distinct in PolUlesy
while the scutum is concealed within the tho-
rax, being developed inwards to form a
phragma, only a part of it being visible la-

terally, but which, as usual,, is connected with
the j)osterior pair of wings, a circumstance that
invariably characterises the scutum in all in-

sects. In Ichneumon Alnipm, the prie-scutmn
exists immediiUely Isehind the scutellum of the
meta-tliorax, and covers part of the .scutum,

(4 i,; which, although much encroached upon
in the median line by the developement back-
wards of this part and the scutellum of the
preceding segments, is a distinct region on each
side of the meta-notum, and gives origin to the
posterior pair of wings. This sufficiently iden-
tifies the part a.< the proper scutum, otherwise
it might be mistaken for the pra;-scutum of
Polislex, which is considerably more developed
than in Ichneumon Atropos. But the greater
part of the scutum is developed inwards, and
forms a deep cleft or incision, that divides the
segment into two parts transversely, tlie poste-
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rlor portion of which, according to Mr. Mii-

cleay, is tlie pro[)er sculelliun (5) enormously

enlar){ed, while Audouin reijards it as being

the dorsal surface of the fiftli segment of the

larva, so that, if the latter opinion be correct,

the thorax of Ilymenoptera must be composed
of four instead of three segments. We must
confess that at first we were inclined to Au-
douin's opinion, more especially on account of

what we shall presently find in Lepidoptera,

in which the fifth segment, in its atrophied con-

dition, is as much connected with the thorax as

with the abdomen. On further examination,

however, we are satisfied that that portion of the

meta-thorax which is posterior to the incisure

belongs to the third segment of the thorax ; but

we ditfer from Macleay in regarding it rather

as the scutellum and post-scutellura united,

than as the scutellum alone. Its proper boun-

dary is marked on each side of the segment by
an elevated ridge or franum, (4 d,) which is

extended across the incisure from a little behind

the insertion of the wings,—where it is conti-

nuous with a ridge of the meta-notum,—as far

as the posterior margin of the acetabulum for

the insertion of the coxa of the leg. The post-

scutellum, therefore, may be regarded as having

coalesced with the scutellum, and assisted in the

enlargement of that part. It is distinct, but of

small size in PolUtes, and is connected at its

upper part with a short ligament, or funiculus,

that is attached to the anterior margin of the

sixth segment (6), the first segment of the ab-

domen, which it assists to support. But we
have yet to trace the fifth segment of the larva,

which at first appears to be entirely lost. On
carefully sofaraling or removing the mela-tho-

racic coxic of Ichneumon Alropus, we find a
very short plate, reduced almost to a ligament,

but still distinct as the remains of a separate

segment. It is the connecting medium be-

tween the under surface of the thorax and ab-

domen. We regard it as the remains of tlie

ventral plate of the fifth segment, of which the

upper or dorsal plate has entirely disappeared,

or exists perhajis in an altered form, as the fu-

niculus just alluded to. We are strenathcned

in this opinion by an examination of several

species of Ichneurnnnid/c, although in the gene-

rality of Ilymenoptera the fifth segment ap-

jiears to have coalesced with the sixth, to form
the petiole or peduncle of the abdomen. The
mela-sternum is formed of the same parts as in

the preceding segments. The pttruptera are

situated immediately beneath the posterior

wings, in the triangular space bounded in

front by the epimeron of the preceding seg-

ment, and above and behind by the incisure

and fra'num, ( 4 </,) that connect the scutellum

with the scutum. The epistemum is concealed

by the preceding segments, and the sternum is

reduced to a small triangular piece, situated be-

tween the coxx. The c/timeron (4 h) is large,

to give attachment to the large coxa-, but the

trochuntm does not exist as a piece distinct

from the coxa (t), with which it appears to

have become united. The meta-thoracic or

second pair o( spiracles (**) are situated in the

auterior lateral parts of the scutellum. The

situation of the spiracles has tometimes been
considered as indicatory of the different seg-

ments, but, as remarked by Mr. Macleay, these

parts are unsafe guides, since they exist in

certain segments in some species, but not in

others, and their situation is often changed
during the metamorphoses from the larva to

the perfect state. We have seen that the meta-
thoracic spiracles of the larva are placed at the

most posterior part of the fourth segment, (Jig.

356,) but in the perfect insect, as we now find,

this is not the case. If the situation of these

parts were alike in the two slates of the insect,

there would be no difficulty in identifying the

segments of the imago with tliose of the larva.

We believe, however, that the true thorax is

fonned of the second, third, and fourth seg-

ments in all insects, and that the fifth segment,

always greatly reduced in size, and sometimes,

as in this order, almost entirely atrophied, is

not in reality a part of the true thorax, but is

sometimes connected more or less with that

region, or with the abdomen, being intermediate

between the two. Hence we have ventured to

designate it the thoracicu-abdominal segment.

The number of segments iu the abdomen of
perfect Ilymenoptera appears on a cursory ex-

amination to vary considerably ; those in which
the abdomen is supported on a pedicle or foot-

stalk having fewer than others in which the

abdomen is of the same width as the thorax,

and the sting or borer of the female is not con-
cealed, as in Sirex juvencut. This insect on a
cursory inspection seems to have nine segments
in the abdomen, besides a very large terminal

joint, more than twice as large as any of the
others, which is pointed at its extremity, and
on the under surface of which is situated the

anal aperture. In reality, however, there are

but nine segments in diis most developed form
of abdomen, the tenth being only a large meta-
thoracic post-scutellum, which is extended
over the base of the abdomen, while the tliir-

teenth and fourteenth segments of the larva,

instead of becoming atrophied, as is usually

the case in other insects, auriiig the metamor-
phoses, have coalesced and become enormously

enlarged in order to afford sufficient space for

the muscles required for the employment of
the strong tercbra or borer with which the

insect penetrates the solid timber of living trees

to deposit her eggs. In the Tenthredinida, as
in Allantus scrophularitr, there are nine dis-

tinct segments besides the post-scutellum, and
this is probably the case in Aihaim centifolia,

although we can discover but eight distinct

ones in that species. We suspect that the last

three segments in this insect become united to

form the parts connected with the female organs.

In the males there is the same number of seg-

ments as in the females. This is also the case

in Ichneumon Atropos (fig.Z90),'m which therft

arc nine distinct segments to the abdomen
besides the minute plate at the ba.se of the

sixth, the renrains of the thoracico-abdominal

segment before noticed. In the wasp, hornet,

and bee, only six segments are at first evident

in the abdomen, which arises from the circum-

stance that the anal segments, which form pan
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of the organs of generation, are retractile within
the abdomen. The sixtli segment is concealed,
and the seventh and eighth segments, particu-

larly the latter, which is greatly enlarged, form
the chief portion of the abdomen. In the
common honey-bee there appear at first to be
but five segments ; but one segment, the sixth,

which forms the base of the abdomen, is almost
concealed, and the others constitute the sting

and retractile organs of generation. In the

male or drone two segments are lost in the

termination of the male organs of generation.

Thus, then, the actual number of the segments
is the same in all Hymenoptera, the apparent
difference being occasioned by the retraction of
one or more segments within those which pre-
cede them. To so great an extent is this car-

ried in some species, as in the Chrysidida, that

the abdomen at first sight appears to be formed
of only four segments, the margin of the posterior

being armed with several spines. But even in

this family the number of segments is exactly
the same as in the Ichneumon above noticed,

in which all the segments are apparent. The
five last segments are retractile within the
abdomen, and when extended form a long
jointed tube, which is employed by the insect

for the purposes of oviposition. Thus then
the ovipositor of the Tubulifera, the sheath of
the sting in the Aculeata, and that of the terebra
or borer in the Terebrantia, are all derived
from the terminal segments of the body. But
we have already seen that in the hymenopterous
larva there is an additional segment to the
body, which from the existence of an appa-
rently additional organ in the perfect insect,

may reasonably be supposed to be especially
connected with the developement of that part.

On examination, however, it is discovered that
it is not from the fourteenth or terminal seg-
ment that the ovipositor, or sting, is entirely
derived, but from at least the /mo last segments,
the sheath being developed from elongated
portions of the thirteenth or penultimate seg-
ment, while the fourteenth forms only a short
valve at its base, like the extremity of the
abdomen in Sirex. From these circumstances
it is evident that the defensive organs of the
aculeate Hymenoptera are simply developments
of certain parts only of the sides of the abdominal
segments, while the tubulated joints of the ovi-
positor of the Chrysidida, with which there are
many analogies among the Lepidoptera, are the
entire segments. It is evident also that al-
though the fourteenth segment is certainly con-
nected with the sting or borer, it does not
become its chief part, the sheath of the organ
being always formed by parts of the thirteenth
and sometimes also of the twelfth segment, so
that these organs are simply developements of
parts which already exist in all insects. The
analogues of the ovipositor are found in the
PanorpidiE among the Neuroptera, and in the
Bombycida among the Lepidoptera ; while
those of the other forms of the same part, the
terebra and sting, exist in the exserted oviposi-
tors of the female Gryllidie in the Orthoptera,
and in the prehensile ones of some of the
Arctiidic and otlier species, in almost every

instance the parts being derived from simifcu-

segments.

In Lepidoptera the size of the three segments
of the thorax is more unequal than in Hymen-
optera. The prothorax is reduced to a very thin
plate or ring, more especially on its upper sur-
face or pronotum. On the prosternal surface
the primary parts, although greatly reduced in
size, are still distinguishable. The pruslernum
is a small square piece, which is articulated in

front by suture with a part of the anterior of
the basal joint of the first pair of legs, and
which we are inclined to regard as the tro-

c/iuntinus (Jig. 392, 2 k). Immediately above
this is a short semicircular piece, which is

perhaps the analogue of the epimeron. and
which is united by suture to a large broad
lunated piece, that fonns the greater part of
tlie lateral surfoce of the prothorax, and is con-
tinuous with the narrow ring on the upper sur-
face (Jigs. 391 , 392, 2). The meso-notum is enor-
mously developed. The priescutU7n (fig. 391}

Fig. 391.

Dorml surface of Sphinx ligwtri.

is hidden within the segment and forms the pro-
phragma, the anterior boundary of the segment.
Laterally it is extended on each side beneath
the scutum as far as the anterior boundary of
the wings, where it is developed on each side
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into a little inflated eminence, which we regard

as simply an extended portion of the prascu-

tuin unto which the puniplcron is attached (3 f).

The senium (3 b) forms a broad convex plate,

marked in the middle line by a rapli£. It

extends from immediately behind the narrow

ring of the pronotum on each side to the in-

sertion of the anterior [Kiir of wings, and

from thence backwards to a point opposite to

the margin of the posterior pair, thus forming

the greater portion of the proper thorax of the

insect. It gives attachment on its internal

surface to some of the most powerful muscles

of the winps, and consequently requires to be

more developed tlian any other part of the

thorax. It is separated by a deep triangular

suture from the sciitellum of the mesothorax

(3 r), which as in Uymenoptera is a large and
important part. It forms the lozenge-shaped

posterior part of the mesothorax, and if care-

fully exammed its angles are seen to pass under

the sides of the scutum, by the enlargement of

which it has been carried backwards. The
pust-sculellum {3 d) has almost disappeared ; a

ixjrtion only of it is seen on each side at the

base of the anterior pair of wings, bounded by

an elevated margin, which extends outwards to

join a froeiium that is connected with the

posterior margin of tlie anterior pair of wings.

Besides these parts, which form the mesonotum,

there are also two broad moveable plates, the

paruptera (3 e), that cover the base of the

anterior pair of wings. They are called by

Kirby and Spence patagia, or tippets, and are

loosely attached by a part of their concave sur-

face to the little eminences which we have

before noticed at the sides of the pr«scutum.

They are broad arched plates, which in form

resemble scapula, and extend from the anterior

part of the scutum, the sides of which they

entirely cover as well as the insertion of the

first pair of wings. They are always covered

with long hairs, and are more develo|)ed in

Lepidoptera than in any other order. In

Coleoptera we saw them placed beneath the

wings on the anterior part of the sides of the

mesothorax. They were then unimiwrtant

organs ; in Hymenoptera they were removed to

a position above the wing, but in this order they

have arrived at their maximum of development,

and appear to be of great importance to the

insect. Tlie mesu-stemum in Lepidoptera is

a part of very difhcult examination, and we
are not confident that we have rightly made
out the analogies of its different parts with

those in other insects. The meso-sternum is

greatly reduced in size, while the base of each

leg is considerably enlarged. It apjiears to be

formed by an union of the troehantinus

(Jig. *392, 3 k), and of the coxa (/), these

parts in each limb appearing to be united, and

distinguished laterally by a very marked suture.

The base of the limbs thus occupies the greater

part of the meso-slernal region. The part

which we thus regard as the troehantinus is

articulated in front with tlie sternum (3 g), and

the coxa with the epimeron (3 A). The sternum

extends upwards ou each side of the segment

Fig. 302.

LatenH ntrface of Sphituc Uguttri.

as far as the upper portion of the epimeron, a
little below tlie inseition of the wings. It \9

marked transversely by a depression which has

the appearance of a suture. At its anteriof

margin, on the front of the meso-sternum there

is a very distinct plate which is united to it by
suture, and which appears to be the proper

epistemal piece (3/^. The spiracle or meso-

thoracic stigma is situated in a little fossa im-

mediately beneath the patagia on each side

before the anterior pair of wings, and com-
municates with the tracheae between the pro-

and meso-thoracic segments. The metathorax,

which bears the posterior pair of wings, is con-

siderably reduced in size by the devclopement

backwards of the scutellum of the meso-thorax,

which encroaches upon this segment poste-

riorly, as the scutum anteriorly does upon the

prothorax, but not to so great an extent. The
pra-scutum, as in the preceding segment, is

concealed within the thorax, being developed

inwards to assist with the post-sculellum of the

preceding segment in forming the meso-

pliragma, while only a portion of the scutum is

visible on each side of the scutellum of the

meso-thorax (4 b), where it forms a triangular
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space, from the sides of which originate the

second pair of wings (*). It is bounded pos-

teriorly by a short thick rid<;e, tlic remains of

the scutellum (4 c), the extremities of which

pass outwards and are connected with tlie base

of the wings. The post-scuttllum (4 d) is

also a very short fold, that forms the most

posterior part of the true tliorax. It is de-

veloped inwards and becomes continuous with

the remains of the upper portion of the fifth

or thoracico-abdominal segment (5). At each

side it is connected with the lateral portions of

the scutellum, and with it is connected to the

base of the posterior wings, and also with a

membrane or frseniim (5*) that passes from

the base of the posterior wings to tlie posterior

margin of the thoracico-abdominal segment,

thus clearly indicating the relation which this

segment bears to the last segment of the thorax.

The nieta]iliT(igma or septum that exists between

the thorax and abdomen is formed during the

metamorphoses by a constriction in the middle

of the fifth segment, and as the changes pro-

ceed, a portion of the fourtli segment, the post-

scutellum, is mcluded in the fold or constriction,

and assists to form the metuphrugma, so that

the fifth segment, at least in Lepidoptera, is

common both to the thorax and abdomen, and

cannot properly be said to belong more espe-

cially to one tlian to the other. Only a short

portion of the fifth segment exists on the dorsal

surface of the abdomen, posterior to the thorax,

vfhile the inferior portion, wliich was more
reduced in extent during the changes than the

upper, is reduced to a very short piece, which

has entirely coalesced with the under surface of

the sixth segment, the first true segment of the

abdomen. In the meta-stemal surface there

are the same parts developed as in the nieso-

stemal, the arrangement of all the parts being

precisely similar to those of the meso-thorax.

The truchantinus (4 k) is united with the

co.ra {I), from which it is distinguished, as in

the limbs of the preceding segments, by a

lateral suture. The first is articulated ante-

riorly with the sternum (4 g), and the second

posteriorly with the epinieron (4 h). The
second or meta-thoracic spiracle is situated in

a deep cavity behind the wings.

The ubdomen in Lepidoptera consists of nine

distinct segments, or the remnants of that num-
ber of the larva if we include the segment which
we have thus seen is connected with the thorax.

We prefer, however, to consider the fifth as a

distinct segment, although a portion of it covers

the base of the abdomen. Each segment is

formed, as in other insects, of two arches, a su-

perior and an inferior one. The superior one is

a strong corneous plate, and is equal to nearly a

complete semicircle. The uiferior plate is similar

in its form, but does not include so large a

portion of an arch, and is not so completely

solidified. The lateral margins of the inferior

arches are nearly straight, but those of the

superior ones are emarginated or notched, each

notch or incisure being near the middle of the

edge. It is occupied by an oval corneous ring,

the stigma or spiracle which exists in the soft

membrane or conjunctiva that connects tlie

margins of the superior and inferior arches of

the segments. A similar membrane connects
the different segments together longitudinally

in such a manner that the anterior margin of
one segment is drawn lieneath the posterior of
the one that immediately precedes it. By this

arrangement of the parts of the segments the

abdomen can be elongated or shortened at the
will of the insect, and expanded or contracted

during respiration, which takes place in the

abdominal as well as in the thoracic region.

There are nine sttgmUa or spiracles on each
side of the body. Two of these we have seen
are situated in the thorax, and tlie remaining
ones in the abdomen, from the sixth to the

twelfth segment ; but the twelfth is apparently

closed, and probably does not take part in the

function of respiration, which is carried on
chiefiy through the thoracic spimcles. It is

worthy of note also that there appears to be a
change in the situation of one of the spiracles

during the transformation of the larva and pupa
state. In the larva a spiracle exists in the fifth

segment, but tliis does not seem to be the case
in the perfect insect, in which the spiracle is

removed forward to the base of the wing in the

fourth, a circumstance which is highly interesting

from the fact that the wings are directly con-
nected with the organs and function of respira-

tion.

We will not enter further upon an examina-
tion of the thorax and abdomen in the different

orders, sufficient illustrations having been given

of the parts of which they are composed, and
of the manner in which they are developed
from the almost uniform body of the larva.

3. Organs of loconwtion.— The wings, the

organs of flight in Insects, differ from those of
Birds in being supernumerary parts adapted
especially for aerial motion, as the legs, the

proper organs of progression, are for terres-

trial. The wings of Birds are simply mo-
difications of the anterior pair of extremi-

ties, which are employed in most other Ver-

tebrata either as organs of prehension or of
terrestrial or aquatic locomotion, and form parts

of the normal type of the skeleton.* But
the wings of Insects have no more analogy
with the legs, the proper organs of locomotion,

in the invertebrated than in the vertebrated

classes. They are derived entirely from the

respiratory structures, and have sometimes been
aptly designated aerial gills. They are ex-

panded portions of the common tegument of
the sides of the meso- and meta-thorax, occa-

sioned by the enlargement and extension of
numerous tracheae and the accompanying pas-

sages for the circulatory fluids, and their motions
are intimately connected with the function of
respiration. These trachea; ramify throughout
every part of the wing, and immediately after

the assumption by the insect of the imago state

become solidified like the rest of the skeleton.

They are hollow for the reception of air like

the proper respiratory organs within the body,

• See the Article AVES.
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Tliey afford strcni^h and lightness to the wings,

with wliich thuy are in direct communication
like the bones in the wings of birds, although

the organs themselves in these diflercnt classes

are not analogous. Ur. Leach formerly desig-

nated these solidified trachex in the wings of

insects Ptcrigostia, or wing bones, a name
that seems appropriate, both on account of

its convenience and as being indicatory of their

princijKil function, although it has sometimes

been objected to as incorrect on account of

their forming part of the respiratory system.

But it may be remarked that the true bones in

the wings of birds also communicate with the

respiratory organs, and perform functions simi-

lar to these in insects, while the interesting fact

noticed by Odier, that in their solidified con-

dition they are composed of the same kind of

earthy matter as that which enters into the

composition of other parts of the skeleton, is

sufiicient to warrant us in retaining the designa-

tion. There appears to be no part of the body
in vertebrala analogous to the wings of insects,

except, perhaps, in the single instance of one
of the Saurian reptiles, Dnico volans, in which
a pair of supernumerary organs to assist in

locomotion are developed from the sides of the

body, and which are formed by the ribs,

directed horizontally outwards and covered only

by the skin. We have thus in appearance the

remains in one class of the vertebrata of a con-

dition which is permanent in another class in

the invertebrala, which resemble them in their

general form and metamorphoses. In every

instance, then, the wings of an insect, like

these ap))endages of the thorax in the reptile,

are perfectly distinct in their origin from the

proper organs of locomotion ; they have their

normal condition in the lower invertebrata in

the superior branchial tufts of the Annelides,

and, consequently, are not more analogous to

the wing of the Uat, as they have recently been

sujiposed,* than to that of the Bird. We have

already seen that the full developement of the

wings takes place at the last change of the

insect, but it is commenced in the earlier

periods of the larva state, in which, with Oken
and Carus, wc have detected these organs in

their most rudimentary condition. They are

distinctly seen on the second or third day after

the insect has assumed its last larva covering,

before changing to the pupa. They are then

scarcely so large as the head of a moderate

sized pin, and appear like newly-formed folded

portions of delicate tecument, extensively sup-

plied with ramifications of minute air-vessels,

derived directly from tlie principid trachea".

Tliey are at that time situated immediately

beneath the external covering, at the inferior

part of the sides of the meso- and meta-thor.icic

segments, and continue to increase in size

during the growth of the larva. When the

insect has discontinued to feed, about a day
before changing into the pupa state, and the

new skin of the future pupa is nearly completed

beneath that of the larva, these rudiments of

the wings have become so much enlarged that

> Mod. Clas. Ins. vol. i. p. 11.

their existence is distinctly indicated by the

swollen appeirance of the segments. It is at

this period of the larva state that tliey were
formerly discovered by Swammerdam.* At
the moment of Assuring the skin of the larva,

they are suddenly somewhat enlarged, and
when the skin has been cast off, and the delicate

parts of the newly exposed naked pupa are

beginning to be agglutinated together and folded

upon each other previously to becoming solidi-

fied to form the strong pupa case, they again

acquire a considerable increase of size, owing
to the extension and enlargement of the tracheal

vessels within tliem, together with a corres-

ponding increase in the quantity of the fluids

in the circulatory canals, by which they are

every where accompanied. The wings are then
expanded so as to cover the whole under-sur-

facp of the thorax and limbs, and when the

insect subsequently bursts from the pupa case

and is assuming the perfect state, they are

again suddenly enlarged, and acquire their full

expansion through the recurrence of similar

phenomena.
It is thus evident that the wings are formed

from extensive ramifications of vessels inclosed

between two membranes, which are continuous
with, and are expanded portions of, the com-
mon tegument. In many instances, as in

Neuroptera, they are perfectly naked, or are

covered only with a few scattered hairs, as in

Ilymenoptera. But in others they are densely
covered with peculiar cuticular developments in

the form of flattened scales, closely imbricated

upon each other, and inserted each by a little

footstalk or quill into little spaces in the exter-

nal membranef In other instances, as in the

Coleoptera, the anterior pair become solidified

and adapted to a new function, but are tlien

entirely useless as organs of flight. They serve

as covers to protect the posterior pair, which,
in a state of rest, are carefully folaed beneath
them ; and when these are entirely absent, as

in some of the Tenebrionida, the anterior pair

become united together and form a strong

covering for the abdomen. Now we have seen
that the solidification of the trachete alone
affords sufficient strength to the membranous
wings, which are always employed as organs
of flight, and that the eartliy matter by which
they are consolidated is similar to that which is

the means of consolidating other parts of the

dermo-skeleton. It is by the deposition of a
greater quantity of the same kind of earthy

matter, not alone in the trachea, but throughout

the whole substance of the wings, that the

anterior pair in Coleoptera are rendered entirely

useless, by their rigidity, as organs of flight,

and at the same time are made to assume a
new form and office, and become the means of
protecting the posterior pair, in those insects

whose habits might otherwise expose these

necessarily light and delicate organs to occa-

sional injury. Tliis modification of structure,

then, in the form of eliftra, consists simply in

tlie solidification, or, if we may venture so to

* Biblia Natura, Tab. xxxv. fig. II. e.

t Dr. Rogct'a BridgewaUr Treatise, vol. i. p, 354.
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call it, ossification of the entire organs, and
not in any difi'erence in their normal condition.

In every instance the anterior pair of wings, or

elytra, like the posterior pair, are formed of

numerous trachea;, accompanied by circulatory

canals extensively ramifying througliout their

whole structure, as may be well seen in the

imperfectly solidified wings of Orthoptera and
Hemiptera, and in the perfectly formed ones of

many of the Coleoptera, although it has some-
times been supposed that the elytra are entirely

destitute of these structures.* Excepting in a

few instances, as in the Strepsiptera,t the elytra

are almost entirely motionless during flight, and
are either simply elevated or directed horizon-

tally in order that they may not impede the

motions of the true wings. Thus the number
and condition of the parts employed in flight

are seen to vary in different insects. In Co-
leoptera the posterior wings alone are actively

employed, in Neuroptera and Hymenoptera
both the anterior and posterior, but in Hymen-
optera the latter are smaller and less important

than the former, while in Diptera the posterior

are reduced to mere appendages of the atrophied

meta-thorax, and the office of flight devolves

entirely upon the anterior pair, which are the

only ones developed for such purpose. On the

other hand, in some species, instead of a reduc-

tion in the number of these parts, there is an
evident tendency to repetition, as is beautifully

shown in the existence of two circular mem-
branous appendages or winglets (alulec) deve-

loped at the inner angles of the elytra, and
continuous with the delicate membrane that

lines the under surface in the great Hydrous
and the Dytkidit. Similar appendages are

observed in the posterior wings of some Lepi-

doptera and Hymenoptera, and in the proper

wings of some Diptera. The non-developement
of the posterior wings in Diptera evidently

seems to be the natural result of the excessive

developement of the meso-thoracic segment,
which bears the proper wings, the analogues of

the anterior pair in Hymenoptera, and the con-

sequent atrophied condition of the adjoming
meta-thoracic segment, from which a posterior

pair ought to have been developed. But that

all insects, even the Diptera, have primarily

the same number of these organs, is exemplified

in this order in the existence of a pair of

appendages to the meta-thorax, in the form of

little club-shaped bodies denominated halteres

or poisers, and which exist modified in form
in every Dipterous insect. In the common
gnat they are simple footstalks surmounted by
a round knob, attached one on each side of the

atrophied meta-thorax. This is their form in the

house-fly and many other genera. That these are

the proper representatives of the posterior pair

of wings is now the opinion of the most recent

observers, and is most decidedly confirmed by
the results of our own examinations. They
are generally more or less concealed beneath

the winglets, from which they are perfectly dis-

tinct, being always connected with the meta-

• Westwood, Text Book, p. 283.

t Sale ia Cunia's British Entomology, fol. 226.

thorax, while the winglets are attached to the

scutellum of the nieso-thorax, and in some
instances, as in Tubanns bovinvs, are continu-

ous with the margin of the meso-thoracic

wings.

The articulations of the win^s are formed

upon the same principles as those of the legs,

but are more simple in their construction. Those

at the proximal extremity of the cubital ner-

vures, ov pterigostia, are of a .somewhat cotyloid

form to allow of free motion in several direc-

tions, and often, as in those at the base of the

elytra, are furnished with a long spine or process,

to which some of the powerful muscles are

attiiched. Those by which the wings are

folded beneath the elytra are imperfectly formed

ginglymoid joints in the nervures, and seldom
allow of motion in more than one direction.

In most Coleoptera, as in Scarulticida, Hydro-
philida, &c. there is only one of these joints in

each wing, but in the Brachelytru, in which

the wings are closely packed beneath very short

covers, there are often so many as four in each

wing,* while in other species, as in the hu-
prestida, in which the wings are not folded

but are only of the length of the abdomen,
these joints are entirely absent. In every

instance the membranous portions of the wings

are either plaited longitudinally or folded trans-

versely when the wings are concealed beneath

the elytra.

In the neuralion, or distribution of the tra-

chea; in the wings, pterigostia, which by the

French entomologists are called nervures, on a

casual inspection there appear to be many
remarkable variations. But when the wings

are attentively examined, it is found that there

is always a great uniformity in the distribution

of the principal nervures, and this is so precise

and regular in many orders that it has been

employed by some naturalists as strongly cha-

racterizing different groups. The irregularity

which at first is supposed to exist in the dis-

tribution of these nervures in some families

arises entirely from the greater or less relative

enlargement of the principal trunks or their

branches. The characters derived from these

parts were formerly employed by Frisch in

Germany and Hairisf in this country, but
have of late years been more particularly ap-

plied to the classification of Hymenoptera by
Jurine.t St. Fargeau, and Mr. Shuckard, the

first two of whom have founded their arrange-

ments of Hymenoptera upon characters de-

rived almost entirely from these structures,

each of which they have designated by a distinct

name. jMr. Shuckard, who has studied this

subject with much care, gives the following

description of the anterior wing in Hymenop-
tera.§ " The contour of the wing is formed
by its anterior, apical, and posterior margins.

• Straus. Considerat., &c. p. 127.

t Kxposition of English Insects, 4to. London,
1782.

J Nouvelle Methode de Classes Ics Hymenop-
teres ct Ics Diptercs, par L. Jurinc, torn. i. 4to.

Geneve, 1807.

§ Transactions of the Entomological Society of
London, vol. i. p. W3.
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The anterior margin is that portion which is

situated anteriorly upon its expansion in flight,

extending from its hixse to its distinctly visible

extremity of the costal nervure, a little beyond
the mar^iinal cell ; at its termination the apical

murein commences, and extends to the »ini«

of the wing, which is the incision at the a|)cx

of the posterior margin, which latter extends

from this sinus back to the base, and it is by
this margin that the upper and under wings

are connected in flight. The costal nervure is

the first longitudinal nervure of the wing

(fg. 393, a), and, as we have seen, extends

Fig. 393.

H'tii^ of Hymenopterom ittMed {S/mckord).

a, cofltal nervure ; d, post-costal ; S, stigma

;

«, externo medial
;
/, anal; o, iransvcrjo-mcdial;

1, costal cell; 2, medial; J, interno-medial ; 4,

anal ; A, radial nervure ; 5, marginal cell ; 6,

cubital nervure.

upon the anterior margin to just beyond the

extremity of the margmal cell. Tlie second

longitudinal nervure is the post-costal ((/); this

extends to the stigma (j), which is that thick-

ened point or spot upon the wing placed upon

its anterior margm at about two-thirds the dis-

tance of its base and extreme apex, and ap-

pears to me to be a dilatation of the costal

nervure. The third longitudinal nervure is the

eitirno-medial (e), which proceeds in a direct

line nearly parallel with the preceding for a

little more than half the length of the post-

costal, or about one-third of the entire length

•of the wing, and then leads off at an obtuse

angle to join the post-costal just before its

junction with the stijiraa. The anal (f) is the

fourth longitudinal nervure, which also extends

from the ba.se to the sinus at the apical ex-

tremity of its posterior margin : a transverse

nervure unites the externo-medial and anal,

and which I purpose calling the transverso-

medial (g). These nervures, which I consider

the primary nervures of the wing, severally

inclose what have hitherto been called collec-

tively the basal or humeral cells, but to which

1 purpose applying different names (derived

from the nervures which inclose them), that

they may be more readily distinguished from

each other. The first, or that very narrow one

between the costal and post-costal nervures, is

the costal cell (1); the second is tliat placed

between the post-costal and externo-medial

nervures, and which 1 call the extcmti-medial

cell (2) : that inclosed between the externo-

medial and anal nervures parallelly, and ter-

minated at its apex by the transverso-medial,

is the interno-medial cell (3); and the cell

seated between tlic anal nervure and the pos-

terior margin of the wing is the anal cell (4).
" Kroin the interior margin of the stigma

arises the radial nervure (A), which makes a
curve and then joins the co.stal upon the mar-
gin of the wing : the lanceolate space thus in-

closed forms what is called the radial or mar-
ginal cell (5). Tlie cubital nervure (6) ia

nearly parallel with the radial and originates

from the externo-medial near its junction with

the post-costal ; this extends to the apical

margin of the wing just below its extreme

apex (6 i). The space thus inclosed is divided

by three transverse nervures, which I propose

calling tlie transverso-cubitals (m, m, m, m),

inclosing as many spaces forming so many
cubital or sub-marginal cells, a fourth being

formed in consequence of the nervure extend-

ing to and joining the apical margin (g). The
third nervure, originating from the primary

nervures of the wing, is what I call the dis-

coidal nervure {k), (it is firom this that I anti-

cipate the chief results), and which, commenc-
ing at the transverso-medial, extends in a di-

rect line to the disc of the wing directly be-
tween the stigma and the sinus, when it makes
a sudden curve at a right angle backwards and
joins the anal nervure close to the sinus (Ac).

From this discoidal nervure at the centre of its

apical return another springs, forming what I

call the sub-discoidal nervure (/), and which
here extends to the posterior margin of the

wing. From the cubital nervure two others

originate ; these are called the recurrent ner-

vures, the first of which always inosculates at

the angle of the discoidal nervure, and the

second just beyond the centre of the sub-
discoidal. By the reticulation of these four

nervures several cells are formed upon the disc

of the wing ; the first of these, which is in-

closed between the discoidal and anal nervures,

I call the Jirst discoidal cell. (10). The second

is that placed between the externo-medial cubi-

tal, first recurrent, and discoidal nervures (11).

The third discoidal cell is that inclosed by the

second recurrent, sub-discoidal, discoidal, and
first recurrent nervures (12). The space in-

closed between the second recurrent, sub-dis-

coidal, and cubital nervures, and the pical mar-
gin of the wing, forms [he first apical cell (13),
and there is a second only when the sub-dis-

coidal nervure extends to the apical margin,

by which and a portion of the discoidal cell

it is inclosed."

The distribution of the nervures in the wings
of the males of some of the Orthoptera affords

some curious peculiarities, by which the pteri-

gostia become instrumental in the production

of sounds. At the base of the superior pair

of wings in Acrida, at the inner angle of each

wing, is an oval or nearly circular space

(fig. 394, fl), in which the membrane is more
transparent and free from ramifications of ner-

vures than in any other (jart of the wing.

These siKices have long been known to be con-

nected with the production of sound. The
membrane itself appears to be thinner than ia

other places, and more tense, and the nervures

by which it is inclosed are thick and strong.
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Fig 394.

A, inferior surface of left wing of Acrida viri-

dissima.

B, upper surface of the right, and, C, under sur-
face of left wing of Acrida brachelyira, shewing
the tympanum a, and bow c, across which the file

6 acts.

bj the file magnified.

Until recently it has been supposed that these

were the only parts in the male Acnda con-
cerned in the production of sound, the me-
chanism of which has been explained by Bur-
meister* as consisting in a quick attrition of
the wings against each other during a forcible

expiration of air from the thoracic tracheae and
spiracles, which are situated beneath, and are

covered by the edges of the wings ; that the

air in rushing out of these spiracles is driven

against the tympani, which are thus occasioned
to vibrate and produce the sound. But this

ingenious explanation is not entirely correct;

the means employed do not appear sufficient to

explain the phenomenon, besides which a part

of the structure that is chiefly instrumental in

producing the sound has been overlooked. In
addition to the tympanum, and parts by which
it is inclosed, there is also another part which
has not until recently been described. It is a
strong, transversely elongated horny ridge,

situated immediately behind the tympanum,
near the base of the wing, and is most distinct

on the upper surface of the wing of the left

side. This part was first shown to us by the
late Mr. William Lord, in the wing of Acrida
viridissima, in February 1838, but it had pre-

* Mannal (translat.), p. 470.

viously been described by M. Goureau, in an
elaborate paper on the Stridiilation of Insects.*

When examined minutely, this ridge, whicli is

of the colour and appearance of tortoise-shell,

is found to be striated transversely, so as to

resemble a rasp or file. Goureau has called
it the bow ; a similar ridge or file exists on
the under surface of the right wing, but less

strongly notched, and is called by Goureau
the Julse bow. When the wings are rubbed
briskly together, these rasps or bows produce
a loud grating against some projecting or ele-

vated nervures on the borders of the wings, by
means of which the drum is made to vibrate

like any other tensely stretched membrane
when agitated, the intensity of the sounds pro-

duced depending entirely upon the rapidity

and force employed by the insect during the

attrition of the parts concerned, and being

entirely independent of any forcible expiration

of air from the thoracic spiracles, which is

thus seen to be unnecessary for the production
of the sound. That this is really the case is

proved by the fact that in Acrida brucheli/tra

(b, c), the wings are so exceedingly short and
narrow that they do not cover, nor are they even
near any part of the spiracles, so that the air in

passing out of these orifices cannot possibly be
driven against the tympanum. On the other hand
the tympanum in this species (fig. 394, B, C)
is considerably larger than in others of the

same genus, and not only has its margins more
elevated, but has also a strong bar extended
across near its base (r), is itself more tense

and vibratory, and has a short, strong bar ((/),

connected with the ring by which it is inclosed,

and also, at a right angle, with the origin of
the great marginal nervure of the wing. It is

remarkable that both in Acrida viridissima and
Acrida braclietylra, the tympanum in one wing
differs from that of the other in being less re-

gular in its form, much more opaque, and tra-

versed by several trachese, a circumstance
which leads us still further to infer that the

sounds produced result from the vibrations of

one only of these organs, besides which the

proper tympani are not in corresponding wings
in these two insects. In the former, in which
the base of tlie left wing is covered by that of
the right, the proper tympanum is in the left

wing, while in the latter insect, in which the

right wing is covered by the lefl, the tympa-
num is in the left wing, which is remarkable in

being entirely deficient of the file or bow, but
which is largely developed on the under sur-

face of the left wing. The analogue of the

file in the right wing is evidently a strong por-

tion of the rim of the tympanum nearest to the

base of the wing. It is remarkable also that

in this species the whole surface of the right

wing, in which the tympanum is situated, is

more transparent and free from nervures than

the corresponding part of the \ch wing, so tliat

the whole surface of tlie wing may perhaps be
rendered sonorous. It is remarkable also that

' Annates de la Societe Entomologique de France,
1837, p. 31. Entomological Magazine, January,
1838, p, 89 et seq.
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in newly developed s|)ecinicns, particularly in
Acriiln viridissima, the teeth or markings on
tlie file are more distinct tlian in those which
have been a longer time in the perfect state, in
which the teeth appear as if partially oblite-
rated^ by use. Tlie sounds, as remarked by
M. Goiireau, may be readily produced in the
dead insect by gently rubbing the bases of the
wings together, a further proof that the rushing
of air from the spiracles is totally unconnected
with their production. A similar structure
exists in the wings of Aerida grisett and others
of the same genus. In the Achttida the parts
for stridulation are somewhat differently con-
structed. The wing of the common hou.se-
cricket, Achetu dumestiai, differs materially in
tlie two sexes. In the male (Jig. 395) tlie two

Fig. 395.

9W
Fig. 390.

Wmg o/" the male Hoiae-Criebet, Acheta iomatiea,

akewmg Ihejile, b, and tympanumf a,

wings exactly resemble each otlier, and the

nervures are more irregularly disposed than in

the female, in which tliey are arranged either

longitudinally or diagonally with but very few
that run in a transverse direction. When the

wing of the male is attentively examined,
nearly one-lialf of its surface is found to be
adapted to perform the office of a tympanum.
This part is more transparent and elastic than

the other, and is crosseu by many nervures in a
manner somewhat similar to the tympanum in

Acridii brachelytra. Besides these there is on
the under surface of each wing a large nervure,

which is curved and placed somewhat trans-

versely near die base of the wing, as in Aerida.

It is the file or bow, and is covered by a vast

number of minute, but freely elevated, semi-
circular teeth, which gradually decrease in size

as they approach the external angle of the

wing (fig. 39C). The sraallness of the teeth,

and the extent of surface over which they are

passed when the two wings are rubbed briskly

across each other, is probably die cause of the

very acute sounds produced by this insect. In
Gri/Uotalpa, which is said to produce a hoarse

croaking sound, the two wings exactly resem-
VOL. II.

The roundfie of Acheta ilomettica,

ble each odier, as in Acheta. Tlie nervures
are tliick and strong, and there is no distinct
vibratory membrane, but on tlie under surface
of each wing are a vast number of minute
sharp-pointed teeth arranged closely togetlier
along the middle of the nervures, not only
uDon that one which is analogous to the file in
Aerida and Acheta, but also upon three others
which run in a parallel direction with it, as well
as on their transverse or connecting branches,
so that the whole of the nervures at the base
of each wing are covered with files, which,
when the two wings are rubbed across each
other, produce, owing to the shortness of the
nervures, a low grating sound. We do not at
first perceive the necessity for a stridulaloiy
apparatus on the under-sur&ces of botli wings,
ii the sounds produced result simply from the
attrition of the wings against each other, and
the wings have always the same relative posi-
tion. But on close examination it is found
that, although in the Gryllida the right wing
either constantly overlaps the left or the lefl the
right, in the Achetida this is not the case, but
that sometimes one wing and sometimes the
other in the same insect is the supenor. With
regard to the acuteness of the sounds produced
by the house-cricket, it probably depends
much upon Uie length of the vibrating nervures
on the large tympanum, as well as the small-
ness of the teeth in the file, as the hoarse
sounds do, perhaps, upon the shortness of the
nervures in Gryllotalpa. In Locustida the
stridulation is not connected with the structure
of the wings.

Besides these various parts for the produc-
tion of sounds, the wing^ of some insects are
furnished with others equally remarkable, but
designed for a different purpose. These con-
sist of certain little hooks and foldings on the
margins of the wings, by means of which in
some families the two pairs are united durini;
flight, in order that the motions of these organs
may be in perfect unison with each other. In
some genera, as in the Lepidoptera, the males
alone are provided with these booklets, as was
formerly noticed by Mr. Uaworth* in Apatura
Iris, ill which the wings of the male are con-
nected at their base by means of a strong elastic

spring, which arises from the base of the costal

* Lepidoptera Britannica, 8va. Londini, 1803.

3 p
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nervur« of the inferior wing, and is received

into a socket near tlie base of tlie main nervure

on the under side of the upper wing. This

apparatus for connecting the wings appears to

give additional strength to the insect, since it

exists only in those species which fly most
rapidly, and continue for a great lengtli of time

on the wing. But in those insects in which
the body is very large in proportion to the

size of these organs, and which are necessitated

by their habits to be constantly abroad, and to

fly to a great distance, as is the case with the

Hymenoptera, the means of uniting the wings
is more perfect. It consists not of a single

booklet, as in Lepidoptera, but of a series of

very minute hooks of a somewhat spiral form

(.A^'. 397), and arranged along a curved portion

Fin. 397.

A, inferior wing of Bombiu terreitru ; a, ihe

costal nervure, on which are seated the hooks, b;

(c, the winglet) ; B, the hooks in the working bee,

apis melli^a.

of the costal nervure, at the anterior superior

margin of the second pair of wings. These

hooks are described by Mr. Kirby,* and are

found in nearly all the Hymenoptera. They

are arranged in a slightly twisted or spiral

direction along the margin of the wing, so as

to resemble a screw, and when the wings are

expanded attach themselves to a little fold on

the posterior margin of the anterior wing, along

which they play very freely when tlie wings are

' Honographiit Apum Angli», vol. i. tab. 13,

«g. 19. Ipswich, 180-2.

in motion, slipping to and fro like the rings on
the rod of a window curtain. The form of

the hooks is very similar throughout the whole

order, each hook being twisted at its extremity

a little to one side and recurved. They are

always situated at the same part of the wing,

but vary in number in different genera, and
even in the sexes. In Urucerida, Sirexjuven-

cus, they are few and scattered along the margin

of the wing, and this is also the case in Tri-

chiosoma, but we have found them far more
numerous in Ichneumon Atropos. In the

sterile fema'.j or worker of the common wasp,

Vespa vutguris,\ye have found them very strong,

and about twenty in number, besides five stiff'

spines which are not bent in the form of hooks.

In most instances, particularly in the Rotnbi,

the hooks are less numerous in the males than

in the females. Thus, in the male of Bumbus
terrestris there are but eighteen in each wing

in the male, but twenty-live in the fertile

female. In the male of liombus lupulurius

there are only eighteen in each wing, and there

is the same number in the worker or sterile

female, but there are twenty-three in each wing

of the fertile female. In Antlwpliora reiusa there

are only twenty in the male, but twenty-two in

the female. In Osmia there are twelve in the

male and fifteen in the female. But the reverse

is the case in Anthidium mankatum, in which

there are thirty in the male, but only twenty-

five in the female. In Megachile there are

sixteen in the female, but in the cuckoo-bee,

Melectu pmictuta, there are thirteen hooks and
four imperfectly developed spines. In the

male of Eucera lotigicvrnis there are only

thirteen hooks, but in the female twenty-three,

while in the female deliuxys conica there are

only twelve. In the queen or fertile female of

the common hive-bee there are only seventeen

slender hooks, arranged at some distance apart,

and different in their appearance from those of
the common humble-bee. In the sterile female

or worker there are nineteen, but in the heavy

male, or drone, there are twenty-one. In the

male, as in the fertile female, of the hive-bee,

the hooks are placed further apart, and are more
slender than in the workers, besides which they

are differently shaped in the neuter, in which
each hook has also a little tooth near its apex.

On reviewing this difference in the number of

hooks in the two sexes, we are certainly con-

firmed in the opinion that it has some relation

to the comparative powers of flight of the

respective insects, and is not a sexual distinc-

tion. The great object of the hooks evidently

is to keep the wings steady during flight, in

order that they may act in unison, and thereby

enable the insect to continue much longer on
the wing with less muscular exertion, because,

when the two wings are made to act but as one,

the effort of flying becomes more concentrated,

and the wings strike the air with greater efl'ect

than if they were separated or but imperfectly

connected. It is well known that the males of

the humble-bees, Bombi, are much feebler on
the wing than the fertile females, and it is the

same with the individuals of the genus Osmia,
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and perfiapo also with tliose of Anthnpliora, in

wliicli, althougli tlie iliijht of ilie males is as
rapid as tliat of the females, we suspect that it

is not so long continued. But in Anlhidium
tnankatum the number of hooks is in corres-

pondence with the apparently greater power of
wing iu the male, which pursues his partner

unceasingly, and darts down u|X)n her with
great rapidity at the season of connubiality.

A similar remark is applicable to the male of
the hive-l)ee, which at the period of swarming
is exceedingly active, and constantly on Uie
wing in the open air, in search of tlie queen or

solitary female, who leaves the hive but for a
few hours on the first or second day after

swarming. Now we have seen that the number
of hooks in these males is greater llian in the

females, and that their powers of flight are
also greater, and that in the hombi the reverse

is the case with regard to both these circum-
stances. Consequently it is but feir to infer

that the number and strength of the hooks arc

in direct relation to the powers of the insect.

We liave before remarked that the different

forms and appendages of the body are invariably

tlie result, not of the intraduction of new
elements into the composition of parts, but
of tJie greater or less extent to which tliose

primary parts are developed. There is a beau-
tiful illustration of this principle in the develop-
ment of the humuli, which are only spinous
processes often observed on the wings of other

insects. In proof of this we need but examine
the wing of the common working-bee, in which
there are several of these spines arranged in

a line with the lutmuli, and inserted in a similar

manner into the nervure of the wing upon which
the hooks are situated. In some instances the

transition of form from that of spines to hooks
is distinctly marked. Those which are most
distant from the proper hooks retain tlie perfect

form of spines, while those which are nearest

are bent in the same direction, but to a less

extent than the proper hook, but sufficiently so
to mark vei-y distinctly their proper analogy.

In Hemiptera, instead of being connected by
hooks as in Ilynienoptera, the wliole margin
of a portion of the anterior wing is hooked over
a corresponding recurved part of the posterior,

as formerly noticed by Chabrier* in the Penta-
tomida. In the Ilomoptera the wings are con-
nected in the same maimer as in Hemiptera, as

noticed by Mr. Ashtonf in Membracis curnuta.
This is also the case in other Ilomoptera. Thus
in Tcttigoniu bif'usciata there is a triangular

membranous process extending from the anterior

margin of the inferior wing, and which on its

distal border is furnished with four very dis-

tinct but exceedingly minute hooks, resembling

those of Ilymenoptera. This process of the

posterior wing is curved a little upwards and
received into a fold of the posterior margin of
the anterior wing. There is a similar structure

in the wing of Cercopis sanguinotenta, with

this difference, that the hooks are very indis-

• Sur le Vol des Insectes.

t Proceedings of the Entomological Society of
London in Tranuctions, vol. ii. p. 20.

tinct, while t)i« triangular proc«ss of the wing
is more pointed and hooked upwards. In
Tettigoma tpumaria the structure is exactly

the same. In laaus virid'u the triangular

process is shorter, but more extended alontr

the costal margin of the wing, and is furnished

with a great many very minute imperfectly de-

veloped hooks, which attach themselves to tlie

folded linear margin of the anterior wing.

The legt, the proper organs of locomotion,

are constantly six in number in every order of
insects, but are subject to much variety of form.

Kach leg is composed of five distinct parts.

First, (fig. 332 and 398,) the coxa (a) or basial

Legt of intectt, front Burmeitltr, Curia, and Hope,

joint, which is inserted into the acetabulum,

and connects the limb with the thorax. Of
this part the trochantin is believed to be an
appendage. Secondly, the trochanter, a
minute joint attached to the extremity of the

coxa. It is not lettered in our figure of the leg

(fig. 332, 3, 4), but is placed between the

coxa and the third portion of the limb, the

femur (6), with which it is freely articulated.

The femur is the proper thigh of the insect, and
in general is of considerable size. It is con-

nected by ginglymoid articulation to the fourth

portion of the limb, the tibia (c), which is

usually a long slender joint, at the extremity of

which is articulated the fifth and last portion,

the tarsus (rf). This part is always composed of

several distinct joints, varying in number in

different insects from two to six. The more
common number is five. These are the pti-

3 P 2



932 INSECTA.

niary divisions of tlie leg, connected together

by distinct articulations, and in the most de-

veloped condition of the limb are almost in-

variably found in every insect. Tlie articu-

lation of the coxa with the acetabulum is

either givglymoUl, as in the Lamellicornes and

many others, or coti/lo'ul, as in most of the

Rliinchophora ; that between the coxa and

trochanter, and between the trochanter and
femur, is chiefly of the former kind, which

also invariably exists between the femur and
tihia, while the articulations of the different

joints of the tarsus with one another, and also

with the tibia, are almost invariably cotyloid,

as in Lucanus, except iii the four posterior legs

of the Ilydradephaga and other water insects,

in which they are usually ginglymoid, because

the tarsi of these insects being used chiefly for

one purpose, that of swimming, this form of

joint appears to be necessary to give greater

strength to the tarsus, which is employed to

strike the water almost wholly in one direction.

Although the number of joints in the tarsus

varies in different insects, it is very constant in

some families, which are also connected by
other circumstances. Tlius in a large group of

the Coleoptera the tarsi are invariably com-
posed of five joints, besides a terminal claw,

and upon this character they have been formed
into one group, the Pentameru ; while in

another, the Heteromera, there are constantly

five joints in each tarsus of the pro and meso-
thonicic legs, but only four in each of the two

metathoracic. This tendency to the production

of the full number of joints is remarkably

shewn in many instances. Thus in a large

number of families, Pseudu-tetrurnera, in wliirh

on a cursory examination tliere appear to be

only four joints in each tarsus, it is found on a

closer inspection that a fifth joint actually does

exist, in the form of a very minute articulation

(fig. 398, A, 4), at the base of the terminal

joint in each tarsus. So again in another group,

Pseudu-trimevu, in which there appear at first

to be only three joints in each, it is found that

there are actually four (B, 3), the additional

joint being, as in the preceding instances, de-

veloped at the base of the terminal one, but

more distinctly than in the Pseudo-telrantcru.

This tendency to a reproduction of parts is

also shewn in the cluws at the extremity of the

tarsi. In many Coleoptera, as in the Mclolon-

thidtr (C), each claw is doulile; while in

others, as in Lucanus, in which the proper

claw is simple, and articulated to the terminal

joint of the tarsus, tliere is also an utiguicula

or little claw, supported upon a distinct joint,

which is articulated separately from the proper

claw, with the last joint of the tarsus, in the

middle line below the larger one.

The variations that occur in the form of the

parts of the leg, as in other parts of the body,

are directly referable to the habits or necessi-

ties of the insect. Thus where the legs are

employed chiefly in ruiiiting, as in the Ci-

rindcitdie, Ctirtdiidic. Sciiritida, and Marpuiultc,

they are usually long and slender, particularly

the tarsi and libicc ; the cox-.k are very freely

articulated with the body, and tlie trochanters.

particularly those of the hinder pair of legs,

are remarkably large. But when, as in the

Gi/rhiidrv, ]\i/ticidte, and Hi/dnipliilidd', they

are employed entirely in swiiiitiiing, they are

long, as in running insects, and the tarsi of the

second and third pairs are flattened and broad

like oars, and their margins, apparently to in-

crease the breadth of their oar-like form in the

water, without the inconvenience of an actual

enlargement of the limbs, are densely clothed

with long stiff hairs (K). Besides this, the

posterior pair, on which the chief action of

swimming depends, are much longer than the

others, and the tarsi are ciliated to the very

articulation of the unguis. The extremity of

each tibia is also armed with one or more long

spines, which may assist the insect perhaps in

burrowing into tlie mud. When the legs are

employed simply in walking, and the motions

of the insect are slow, the lees are all of the

same length, and, as in tlie Chrysomelidtt, are

often covered on the under surface of the

tarsi with little hairy cushions, pulvilli. These

are generally present also in ctimbitig insects.

In the common house-fly, and others of the

same genus, instead of hairy cushions the ter-

minal joint of each tarsus is furnished near

its extremity with two funnel-shaped mem-
branous suckers (E), by means of which the

insect is enabled to adhere to smooth surfaces,

and suspend itself in an inverted position.

Each of these is concave, and covered by a

membrane, and the manner in which the in-

sect attaches itself is by exhausting the air

beneath each sucker. The cushions are parti-

cularly large in those anomalous insects the

Strepsiptera, in which they form a broad heart-

shaped surface to each joint of the tiirsi (M).

They are also present, but in a less perfect

form, in some of the running insects, the Ciciii-

deiidic and Curabida, as in Viori/che torta*

(Mac'L.), in which the joints of the anterior

tarsi are furnished with a little hairy cushion.

But in these families the tarsi of the anterior

legs of the males are always enlarged for the

same purpose as in the Hi/ticida, that of more
securely attaching themselves to the female.

This is also the case in Hi/drous, in which the

terminal joints of the anterior tarsi (fig. 330, A)
are very much dilated. In the Dfiticidx

the first three joints of the anterior tarsi are

consolidated together, and form a broad cir-

cular disc, covered with many minute funnel-

shaped suckers, two or three of which are

much larger than the others; in some, as in

Hi/dcrodes SItuckardi, lloi'E,t a New-Holland

species (II), all the suckers are of nearly the

same size. They exist also in the first three

joints of the second pair of tarsi (I). A .some-

what similar structure exists in the males of

some of the sand.wasps, Crabr(mid(e (F). It is

supposed to be designed for the same purjiose

as in the Di/ticid<e. But in those insects it

consists of a broad and slightly convex dila-

tation of the anterior tibia;, and not of the

• Colcopterisl's Manual, Part ii. tab. 2. fig.

4, d.

t Op. cit. pi. 3, fig. 5. a. b.
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tnrsi, as in tlie latter instances.* Tliosc insects

whicli su|)|x)rt tlieinselves u|X)n tlie surface of
water, as the common gnat, have the under
surface of esieh tarsus covered with rows of
fine hairs, whicli rejiel the water, and support

the insect upon the surface. If the under sur-

face of the tarsi be wetted with spirit.s of wine,

the insect can no longer support ilscif upon
the surface, but immediately sinks down.f
When the iegs aie employed in 7«m/)ing, as in

llullicu, the destructive flea-beetle of the

turnip, and the On/llida and Liicmt'ula, the

posterior (Kiir, upon which devolves the greatest

effort, as in the swin:ming insects, are con-
siderably larger than the others ; the thighs in

particular are enlarged atid lengthened, to

allow room for the insertion of tlie muscles.

But when the legs are employed in digging or

burrowing, it is tlie anterior pair that become
the most important, as in the mole-cricket,

Ori/Uotalpa (ij). In that insect the coxa (u)

is of an enormous size, and the trochanter at-

tached to its inferior margin consists of two
distinct articulations, one of which projects in

a lobulated form, and probably is useful in

assisting to remove the earth during the ope-
rations of the insect. The femur (A) is short

and broad, and is articulated both to tlie coxa
and trochanter, and thus derives additional

strength from its more secure connexion with

the base of the limb ; while the tibia (c), which
is the part immediately employed in burrow-
ing, is also short, and divided at its extremity

into four strong curved spines, directed out-

wards, and forming as it were a broad hand,
like the claw of the mole, for digging into and
rapidly removing the earth in its burrow. The
tarsus {({), which appears to be almost useless

in these subterranean labours, consists of three

short articulations, which are attached to the

external surfiice of the tibia. A similar con-

formation of the tibia exists in other burrowing

insects, since it is always this part of the

limb that is employed in digging, and not the

tarsus, which is used only in scraping or

scratching away loose soil, as by the oil-beetles,

Melue, and the sand-wasps. Tlius in the

Siurolittitlie and Geottiipidre the anterior

tarsi are broad and dentatcd laterally, and the

posterior ones are armed with strong spines.

In some genera, as in the Coprides and
Onthop/iagi, the extremities are not only

strongly spined, but are also broad and club-

shaped, to assist them in penetrating into the

loose excrement beneath which they are ac-

customed to burrow.

Tliere are circumstances connected with the

organs of locomotion in insects of considerable

interest, and which cannot be passed over.

These are the aberrations of form which tliey

undergo as a consequence of incomplete de-

velopment, and the occasional existence of

supernuinerary limbs, the result of an op|x>site

tendency in the development of tlie germ.

We have already alluded to the changes of
form occasioned by the former of these circum-

" Dcgcnr Memoirps, t. ii. p. 810, pi. 28.

t l>r. Uogci's liridgewatcr Treatise, vol, i. p. 334.

stances, and we have now to notice the not lew
remarkable occurrence of the latter. Although
every part of the body is subject more or less

to these otx'urrenccs, the su[)crnumerdry |>arts

are almost always antennx- or legs. We do
not remember a single instance of a supernu-

merary wing, or elytron, or organ of mandu-
catioii, ^although the whole of these parts are

occasionally subjected to an abeitation of form
in consequence of imperfect development.
Many instances of this kind are given by Dr.
Ilcrrmann Asmuss,* who has collected a mul-
titude of Facts connected with this interesting

subject, from which it appears that abnormal
forms are more frequent in the antennae and
legs than in other parts of the body. Only
one instance is given of abnormal form of the

mandible from arrested development, but
several of the antennte and legs. But the

most frequent abnormal condition is found In

tlie existence of supernumerary parts. Of
these he has given two instances in which the

antenna on one side of the head was double.

Tliese occurred in one of the Elalerida, Athou*
hirtui,-\ and Carabus auratus,l and one instance

also in which it was trifurcated, in Helopi
caruleiis.^ But it is remarkable that tlie most
frequent occurrence of supernumerary parts is

of the legs. Of these Asmuss has collected

eight examples, and it is remarkable that in

six of them the parts on one side are treble.

Of the two instances in which tlie parts were
double the first occurred in Agriuta (>Ajc«n«,||

in which tliere were two perfect prothoracic

legs on the right side of the body, connected
with the sternum by two distinct coxie. In
the other instance, which occurred in Tele-

phorus J'wicus,% there were two meso-thoracic

legs on the left side, connected togetlier, and
attached by a single coxa to the sternum.

To these we may add a third instance, which
occurred in Chrysomelu hamoptcra, captured

by Mr. Curtis, and described in his British

Entomology.** In this specimen the super-

numerary part is a tibia, apparently moveable,
and developed from the extremity of the femur
of one of the hinder pair of legs. A similar

remarkable condition is described by Tiede-

inannft as having occurred in Mcloluiithu vul-

earii, in which three tibia: and tarsi originated

from a single coxa of the right metaUioracic

leg. Asmuss alludes also to the specimen of
Oryctes naskornis described by Auaouin,JJ in

which a similar number originated from the

right prothoracic leg; and to a second example
of Melotontha vulearU,^ in which tliree tibis

and tarsi originated from a triangular, spatula-

formed femur of the right prothoracic leg. In

* Monstrositates Coleopteromm, Riga et Oorpati,
1835.

t Ba-tsi.

^ Doumcrc.
i Scrtoge.

]|
Germar.

11 Baui.
•• PI. 111. Apr. 1826.

it Meckel's Archiv liir Physiologic, t. v. 1819.

p. 125. tab. 2, fig. 1.

|{ Aniialcs do la Soc Enlom. do France, 1834.

^§ Doumcrc.
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another of the Melolonthida, 'Rhizotrogus

castaneus," three distinct legs originated by
separate trochanters from a single prothoracic

coxa of the right side (Jig. 399, A). But per-

Fig. 399.

A, Rhizotrogus castaneas ; B, Scarites Pyrachmon

;

C, legs of ditto ; E, F,G, different views of a treble

tarsus of Caralnis perforatus (Asmuss).

haps the most remarkable example is that given
by Lefebvref of Scarites Pyruchmoti (B), in

which from a single coxa on the left side of
the prostemum two trochanters originated

(fig. 399, B, C). The anterior one, the proper
trochanter, supported the true prothoracic leg

;

while the posterior one, in the form of an
oblong lanceolate body, attached to the base of

the first, supported two additional legs equally

well formed as the true one. Dr. Asmuss has
also given an example in Cnruhus perforutiis

of a treble fifth joint in the tarsus of the left

meta- thoracic leg (E, F, G), in which all the

claws of three distinct tarsi exist.

The principles upon which the modifications

of form, and the existence of supernumerary
parts depend, as attributable to retarded or ex-

cessive development, have been particularly

insisted upon by Saint Hilaire, Professor Grant,
and other comparative anatomists, in reference to

the develoi)nient of the body in vertebrata, and
are equally applicable to that of the invertebratii.

Tliat these aberrations of form really depend

• Bassi.

t Guerin's Magasin d'Entomologie, fascicul. 5,
tab. 40.

upon an arrest of development is weH shown
in the instance we formerly gave of Ceolrupcs

sterciirurius (fig. 332), in confirmation of the

views of Savigny, respecting the different kinds

of appendages in each segment being simply mo-
difications of the same normal structure. That
retarded development is capable of producing

these aberrant forms we once satisfied ourself

by experiment made on a specimen of Sphinx

ligHstri. We carefully watched a larva that

was about to untJergo its change into the pupa
state, and when it was beginning to assume
tliat condition, retarded its development by
repeatedly touching and otlierwise disturbing

it, the result of which was that the projecting

case that usually exists on the point of the

perfect pupa of this insect was iwt developed

in the pupa in question, which we still possess,

and which exhibits an uniform appearance of

its exterior almost precisely similar to that of

Sphinx pupidi. With regard to the existence

of supernumerary limbs, it is presumed, in the

absence of any evidence that these additional

parts exist also in the larva, as we susi>ect they

do, as well as in the perfect insect, that they do
not originate simply by a greater development

of one part than of another during the changes

of the insect, but upon an original tendency to

the production of them which existed in the

germ itself. This opinion seems to be supported

by the circumstance, that although there is a
tendency to the reproduction of the same parts

as a normal condition of the wings in some
insects, such reproduction is not known to occur

as an abnormal condition, which appears to be
accounted for by the circumstance that the wings

themselves are simply developments of j>arl3 of

other structures, the respiratory organs.

The muscular system of Insects, like that of

other Articulata, is contained within tlie dermo-
skeleton. It is composed of an immense
number of distinct, isolated, straight fibres,

which are not constantly aggregated together

in bundles, united by common tendons, or

covered by aponeuroses to form distinct mus-
cles, as in Vertebrata, but remain .separate

from each other, and only in some instances
'

are united at one extremity by tendons. The
greater number of these fibres are flat, thin,

and of the same size throughout their whole

length, a few only being slightly coniral. They
are arranged parallel to each other, and form

layers, or series of fibres. These series of

fibres, or layei-s, we jirefer to regard as sepa-

rate muscles, rather than as aggregations of

muscles, as they were formerly regarded by

Lyonet,* because vve are thereby enabled to

simplify our description of the muscular sys-

tem of these animals. But besides these layers

of fibres, which form the greater part of the

muscular system, there are also certain sets

of fibres which are united by tendons to con-

stitute distinct muscles, but they are not in-

closed by aponeuroses. The muscles of in-

sects differ, then, as remarked by Strau9,t from

* Traitc Anatomiqne de la Chenille qui lODge

le bois de Saule, 17tiO.

\ Considerations, &c. p, 143.
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tho»« of the larger animals in not being in-

closed by a|)oritu roses, and in being formed of
fibres which are always free, straight, and fre-

quently are not connected with or arise from
tendons. Tliere is no instance, as Straus has
correctly remarked, of a digastric muscle in

insects. Euc/i fibre is composed of a great
number of very minute tibrillae, or fasciculi of
fibrilUi', into which the fibre may be easily

torn, after it has been hardened for some lime
in spirits of wine. Professor Wagner has seen
transverse strise on the fibres of insects as on
tliose of vertebrated animals, and we have
also observed them very distinctly on the dorsal
longitudinal fibres of Lucanus cerviis, and
more particularly on the fibres of the longitu-

dinal muscles of the back, in llie abdominal
segments of the larva of OduiiettU potatoria

;

Professor Muller states that the voluntary mus-
cles of insects are wholly constituted by these
transversely striated fibres, each of which has
a very delicate sheath, which can often be per-
ceived forming a transparent border to the
fibre.* Those fibres which are entirely with-
out tendons are attached by their whole breadth
either directly to the flat internal surface of the
dermo-skeleton or to elevated ridges, which are
intussuscepted portions of the tegument within
tlie body, the apodemata of Audouin, of which
the phragmata before described are examples.
The tendons, or hard uncoiitractile ends of the

muscles, like the phragmata, are formed by an
elongation inwards of parts of the internal

lamina of the dermo-skeleton-f They exist

more generally in the i>erfect insect than in the
larva, and in the muscles of the head of the
larva than in otiier parts of the body. The
cause of this ap))ears explicable by the fact that

there is a higher developed condition of body
in the perfect insect than in the larva, and in

the bead of the latter than in other parts of its

body. Distinct tendons exist most frequently

in the muscles of the extremities and organs
of manducation, as in the Lucanus cervus

(Jig. 388, 2), in which a large fiat tendon, of

great strength, is attached to the external con-

dyle of the mandible, and on each side of
which the fibres that compose the great ex-
tensor penniform muscle are inserted. Tendons
exist also of great length in the legs of Orlhop-
tera (Jig. 409, o, b, c), and between the forked

processes of the thoracic segments, and the

margins of the coxae. Tlie muscles with ten-

dons are arranged by Straus under two divi-

sions : \ first, the conical, in which the tendon
is short and occupies the axis of the muscle,

where it is expanded into a broad plate, unto
which tlie fibres of the muscle, originating

from a broad base, and converging to one point,

are attached, and the tendon then proceeds
alone to the point of insertion ; second, the

pyramidal, in which the tendon, as in the

conical, is surrounded by short fibres, aud is

* Elements of Physiology, (traosUtion,)

p. 882.

t Strans.

part iv.

r Strans.

X Op. cit. p. 146.

broad and divided into (everal laminsB ; third,

the pseudo-pemiij'iirm, in which the fibres ori-

ginate in a row, and, converging, are attached
sometimes on one side, and sometimes on both
sides of a long narrow tendon ; fourth, the

penniform, which differ from the last in the

margin of the tendon being fibrous. Like the

latter the fibres originate sometimes on one
side only, and sometimes on both. Tifth, the

compound, or those which consist of several

muscles, each formed of two or more fibres,

united by a tendon, and these tendons of two
or more muscles united into one bundle ; or

in which tlie tendons of several bundles of
muscles are united. Unto these five forms
Burmeisler has added a sixth, the cylindrical,*

the tendon of which is a Hat round plate, to

which the fibres are attached on one side, and
from which a process extends on the opposite

to the point of insertion, as in the muscles of
the wings. Audouin calls these tendons e^i-

demes, and regards them as processes of the

thorax.

The muscles of the larva present great uni-

formity of size and distribution in every seg-

ment, the motions of each of these divisions

of the body being almost precisely similar.

The differences which exist in the number, dis-

tribution, and functions of the muscles, are to

be sought for in the first four segments, which
compose the head and thorax of the perfect

insect. Thus, in the head of the larva there

is a greater aggregation of muscles than in any
other segment of its body, because a greater

number of organs exist, and consequently
require these additional muscles. The pre-

sence of a greater number of organs in this

than in the succeeding segments is readily ac-

counted for, when we remember that the head
is composed of several sub-segments, and that

the appendages belonging to it are those of
these originally distinct parts. But the situ-

ations and the form of the muscles have become
changed fixira those of the simple muscles of a
segment, and some have become united to

others. This may explain the cause of the

greater complexity of the muscles of the head
of the larva than of those of the otlier seg-

ments, and why so few are simple like those

of the abdominal regions, but, on the otlier

hand, are frequently complicated, and end in

tendons, and more or less resemble in form
the muscles of Vertebtata. Hence the muscles
of the mandibles are large and occupy the

greater part of the lateral and posterior region

of the cranium, the extensor muscles being

attached to the lateral and posterior surface of

the cavity, like the extensor muscles of the

legs in the thoracic segments, and the flexor

more internally to parts that correspond to the

lamina squamosa in the head of the perfect

insect, the analogies of which in the thoracic

segnicnis are the forked processes to which
the flexor muscles of the legs are attached,

like the corresponding muscles of the man-
dibles on the head. The muscles of the three

* Manail of Entomology, (trans.) p. 240.
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segmentg that follow the head, and form the

thorax of tlie future imago, are more numerous
and complex than those of tlie abdomen,
because unto those segments belong the mus-
cles of the proper organs of locomotion ; be-

sides which they contain also tlie rudiments of

the muscles for the future wings. The muscles
in the abdominal segments are fewer and far

more simple than in the anterior part of the

body, but their number, even in these, very far

exceeds what at first might be expected. So
numerous are they in every segment that

Lyonet, in his immortal work on the anatomy
of the larva of Cossiis lig/dpenla, found two
hundred and twenty-eight distinct muscles in

the head alone, and, by enumerating the fibres

in the layers of the difi'erent segments, reck-

oned one thousand six hundred and forty-seven

for the body, and two thousand one hundred
and eighteen for the internal organs, thus

making together four thousand and sixty-one

muscles in a single larva. In the larva of
Sphinx ligustri we have found the muscles
equally numerous with those discovered by
Lyonet in the Cossus, but in attempting to

describe them it has appeared preferable, as
we have stated, to consider each layer of fibres

collectively as a separate muscle. In describ-

ing the muscles of the ventral portion of a
segment, we formerly* ventured to designate
them by names which were indicatory either of
their position or use, and we shall continue to

do so on the present occasion. A description

of tlie muscles of a portion of a segment will

suffice to convey some idea of their multiplicity

and use. We may first state generally that

those muscles which form distinct layers or act

in concert with each other, are inserted into

slightly elevated ridges of the tegument, while
a single muscle, or the tendon of many mus-
cles united together, is attached to an elevated

process of the tegument, which at that point is

thicker than in other places, and thus affords

a means of attachment. There are always
three ridges for the attachment of muscles be-
tween two abdominal segments. The middle
one is the largest, and affords both origin and
insertion to the straight or longitudinal muscles,
while the others in like manner afford origin and
insertion to the oblique ones.

On removing the fat and viscera from the
abdomen of the larva, the first layer that pre-

sents itself, and forms the interior parietes of
the body, consists of many longitudinal fibres,

which extend from the margin of one segment
to that of another as flat, straight muscles,
resembling the ncti abchmiinides of vertebrated

animals. These muscles extend from the an-
terior margin of the sternal surface of the

second segment to the posterior part of the

twelfth ; but it is only at the anterior margin
of the sixth segment, which is in reality the

commencement of the true abdomen, that they

can properly be considered as recti muscles,
since it is at this part of the body that they
begin to be fully developed. While passing

• Phil, Trans, part ii. 1836.

through the thoracic s^ment they are nar-

rower, thinner, and somewhat differently ar-

ranged. They are connected anteriorly with

the head, and posteriorly with the sphincters.

They are the most powerful of all the muscles
of the abdomen, and are those which are most
concerned in shortening the body, and effecting

the duplicature of the external teguments,

during the changes of the insect. They are

also those which mainly assist in locomotion

during the larva state. There are four sets of

these longitudinal muscles, two on the dorsal

and two on the ventral surface of the body

(Jig. 400, A A). Those on the dorsal surface

are placed one on each side of the dorsal vessel

or heart, and those on the ventral one on each
side of the nervous column. The dorsal sets

extend from their attachment to the upper part

of the head through the thorax and abdomen
to the anus, in the thirteenth segment. In the

thoracic region they are narrow like the cor-

responding muscles of the ventral surface, but
when the insect is undergoing its changes they

become enormously enlarged in this region,

and form the great depressor muscles of the

wings (Jig. 402, .r), which are some of the

most powerful muscles of the thorax, and ex-
tend between the meso-andmeta-phragma. The
ventral recti consist of four sets of fibres, two
on each side of the nervous cord (Jig. 400,
1,2), and between which there is a slight in-

terspace. That set which is placed nearest to

the nervous cord and median line of the

body, is composed of only three narrow fas-

ciculi of fibres, and may be called the recti

minores (2), while the other set, situated more
externally and covering the greater portion of
the ventral surface of the segment, is broad
and powerful, and consists of from twenty to

twenty-five distinct fasciculi or fibres, and may
be c;illed the recti major-es (1). The origins

and insertions of these are different from those
of the smaller recti. The recti majores of one
segment arise from the middle ridge between
two segments (3), and are inserted close to the
origin of the corresponding muscles of the
next segment, while the recti minores arise

from the most posterior of the three ridges,

about one-fifth of a segment posterior to the
middle ridge, over which they pass, and pro-
ceed in a direction parallel to the larger ones
to be attached to part of the corresponding
ridge in the next segment. There is a small
muscle that originates from the same ridge as
the greater rectus, between it and the smaller,
which, from its passing directly to the alimen-
tary canal, and connecting that viscus to the
exterior tegument of the body, may be called
the retractor venlriculi (5). There is one of
these muscles, as shown also by Lyonet in the
Cossus, on each side of the nervous cord, from
the fourth to the eleventh segment. On re-
moving the recti, we expose two layers of very
fine thin muscles. The upper layer (B) con-
sists of nine distinct fasciculi of fibres, which
pass backwards and outwaids, in a slightly

diagonal direction (6), but less diagonally than
the second layer (7), that lies immediately



INSECTA.

Fig. 400.
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Diagram of the naitcles and nerves of the ventral turfrce of the legtnenti in the lama

of Sphinx ligtulri. (Newport, PhU. Tram.)

beneath Ihe upper one. Tlie second layer con-

sists of seven distinct fasciculi, which extend

from the anterior margin of the segment, close

to the smaller rectus, and beneath tlie larger,

about half their breadtli across the segment.

They run backwards and outwards in a dia-

gonal direction, and are attached to the middle
ridge below the rectus as far across the seg-

ment as the outer margin of tliat muscle (8).

These layers of muscles when in action draw
the outer part of the smterior margin of the

following segment diagonally forwards in the

direction of the median line of the body,

and, consequently, when tliese muscles in se-

vcnil segments on one side of the body act

ogether, they bring forward the posterior jjor-

iou of the body of the same side, and bend

it in a semicircular direction. Wh«o theM
layers on both sides of a segment act togetbefi

they draw forwards the posterior part of the

body in a straight line. The most internal

of these layers (6) which lies close to the rectu«

may be called tlie ftrtl oblique, and tlie other

the second oblique (7). Beneath tliis there ia

another diagonal layer of fibres 'whK:h originates

close to the median line of Uie body (9), be-

neath the nervous cord, almost in a line with
the insertion of the smaller rectus. Tlie origin

of this set is exceedingly narrow and distinctly

tendinous, and the fibres diverging |>ass di-

agonally upwards and outwards, forming a flat

triangular muscle, tlie third oblique (9, 10),
which is attached to the posterior ridge, and
extends outvrards to the margin of the greater
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rectus. These oblique muscles are the anta-

gonists of the recti, and when acting alone

draw tlie posterior p<irt of each segment back-
wards and to the median hne ; consequently,

when the layers of only one side are in action,

the anterior part of the body is flexed laterally

in the form of a curve, but when those on both

sides are in action the anterior part of the body
is carried directly backwards. Beneath these

oblique muscles there is another, which is

formed of only two broad fibres. It arises

from the anterior of the three ridges of attach-

ment in the median line, and passing diago-

nally forwards and outwards parallel to the third

oblique, beneath its inner margin, is attached

to the third ridge of insertion. This may be
called the ybwrt/t oblique (11). Beneath the

posterior extremity of this muscle lies the

third recttts (12), which is formed of three

fibres, somewhat broader than those of the

second or smaller rectus, but running longitu-

dinally in exactly the same direction, and hav-

ing the same origin and insertion. On re-

moving the third rectus we expose the eighth

layer of muscular fibres. This arises from the

anterior ridge, and is formed of three broad
fibres which are partially crossed at their origin

by the third rectus. It passes diagonally out-

wards, and is attached to the third ridge, extend-

ing as far as the margin of the rectus and third

oblique, by which it is concealed. This is the •.

Ji/'th oblique ( 1 3). When this layer is removed,'

the triangularand transverse muscles are exposed.

The triangularis (14) is composed of nine dis-

tinct fibres, which originate in a longitudinal

series that extends about half-way across the

segment. The fibres pass from their origin

diagonally backwards and outwards, with vary-

ing degrees of obliquity, and are inserted by
strong tendons into the anterior of the three

transverse ridges (16). They arise also by
distinct tendons, which indigitate with a set

of short transverse fibres, ten in number, and
which occupy the median line beneath the ner-

vous cord, and form the transversus niedius{\5).

This muscle contracts the diameter of the mid-
dle of the under surface of a segment. The
triangularis, when acting with its fellow of the

opposite side, shortens the posterior half of

the ventral surface of the segment ; but when
acting singly, or in conjunction with the third

oblique, shortens that side of the segment, and
assists to bend the body laterally. It is a very

powerful muscle in locomotion, and probably

is of great use in shortening and contracting

the segments during the transformations. The
ttansversi abdotninuks (17) are six short broad

and thick fibres, that form two sets, and
originate at some distance from the median
line, posteriorly to and on the outer side of

the tendons of the third oblique, and passing

transversely outwards are inserted directly into

the tegument,about half-way across the segment.

Like the transversus medius they contract the

diameter of the ventral surface of the segment,
and bring the sides towards the median line.

Anteriorly to these muscles, but further from
the median line, is another set of six short

fibres, the afcdomi'na/es anleriores (18), which

arise at some distance fVom the median line,

and passing transversely outwards are inserted

into the lateral jjart of the segment. The
abdominulcs Idlerules (10) are situated in the

posterior half of the segment. They are in-

serted by three great fasciculi of narrow ten-

dons into the inner and inferior part of the

segment, and consist of eight muscular fibres

connected in the first tendon, four in the se-

cond, and seven in the third. They form very

powerful muscles, which interlace with each

other, and originate directly from the tegu-

ment of the sides of the segment, at different

distances posteriorly to the spiracle. Some of
them (20) are much longer than others, and
the whole of them are connected with the false

feet of the abdomen. On removing these

muscles we expose the attachment of the ob-

liquus posterior (21), which is composed of

nine small fibres that pass diagonally outwards
from their origin, the anterior ridge, to tlieir

insertion in the tegument at different distances

beneath the lateral abdominal muscles. Ano-
ther set of nine distinct fibres, the postero-

laterules obliqui (22), which originate from the

same ridge at the lateral part of the segment,
cross over the last lateral abdominal muscle,

and are inserted between it and the one im-
mediately' before it. Besides these layers of
fibres there are four other sets which seem to

be particularly concerned in the function of

respiration. Of these the transversus lateralis

(28) arises tendinous from beneath the lateral

part of the great rectus, and passing upwards,
internal to the great longitudinal trachea (E),

which it crosses, is inserted beneath the ex-

ternal margin of the dorsal rectus (A). The
second transversus lateralis (24) arises pos-

teriorly to the first, crosses the trachea, and
continuing its course upwards is inserted into

the tegument of the back, about half-way

across the dorsal rectus. These muscles ap-

pear to be directly concerned in contracting

the segments during expiration. Besides these

muscles there are also the retractor spirucuU

and the retractor vulvulie, which belong also to

the ventral and lateral suriface of each segment.

The retractor spiraculi (25) is attached by a

long tendon (26) to the third ridge of insertion.

It is a long, fleshy, and somewhat conical mOs-
cle, which passes upwards and obliquely back-

wards to the spiracle, unto the lower margin

of which it is attached, and is blended with

the circular fibres that constitute an orbicular

muscle to that orifice. It appears to be di-

rectly concerned in forcible expiration, and
draws the spiracle inwards and downwards,
and when the orbicular muscle acts in con-

junction with it assists in closing the spiracle.

The remaining muscle, the retractor vatvul<e

(27), is the direct antagonist of the last. It

is composed of five distinct fibres ^g. 401, r),

which arise from the posterior margin of the

spiracle, and partly also from the attachment

of the retractor spiraculi (e), and then, con-

verging, end in a tendon that passes diagonally

upwards and backwards, and is inserted into

a little elevation in the tegument. It is the

proper retractor or levator muscle of the spira-
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Fig. 401.

Internal view of jptnicZe of larm of Sphinx tigiutri.

(Newport, Phil. Tram.)
a, nntcrior margin of spiracle with portion of the

trachea ; h, the valve ; c, retractor valvuiz j e,

retractor apiraculi j d, nerve supplying these mus-
cles.

cular oiifice, and acts upon the internal valve

(ft), which is situated a little within the spiracle.

This valve is a thick, moveable, dark-coloured
du[)licature of the lining membrane of the

posterior border of the spiracle, and closes

on that of the opposite side (a), which is a
concave crescent-shaped margin, not acted
upon by muscles

—

like a cushion or pad.

These muscles of the larva of the Sphinx
differ but little from tliose described by Lyonet
in the Cossus. In all insects they give pas-
sage between them to the ramifications of tra-

cheal vessels, which are most extensively dis-

tributed throughout the whole body, to every
muscle, nerve, or other organ, lliey are also

covered in many places by numerous con-
nected vesicles filled with adipose matter,

which exist in the greatest abundance in the

larva state in all insects, occupying the inter-

stices between the muscles and trachea. The
same general structure of the muscular system
as that which we have just described in the

Sphinx exists in all larvit that undergo a com-
plete metamorphosis, whether they belong to

the Coleopterous, Hymenopterous, or Lepi-
dopterous classes, although in the particular

distribution and form of the muscles in each
there are necessarily some differences depen-
dent upon difference of species and habit.

Thus Burmeister found a similar general con-

formation of parts in the larva of Calotoma
ti/cop/iantu* (fg. 354), one of the more |)er-

<ect Coleoptera, both in the existence of the

rudiments of muscles for the wings and in the

lon^itHdmal muscles of the dorsal and ventral

surfkces of the body. The muscles of the

larva; of Coleoptera, as llurmeisler has rc-

inarke<l, bear a greater resemblance to the

muscles of the perfect insects than those of the

larvx of other classes, it is not difficult to

recognise in them the same general arrange-

ment of particular muscles which are after-

wards found in a more or less developed slate

in the perfect insects. An admirable exem-
plification of the muscular system of Coleop-
tera is given by Straus Durckheim in his

splendid work on the anatomy of Melolontha

vulgarii, in which many of the muscles that

exist in the larva state may be distinctly iden-

tified, although greatly modified in form and
size to fit them for new modes of action, which
have been rendered necessary by the changes
that have taken place in the habits and modes
of life of the insect. Thus, as also remarked
by Stnius,t the great ventral series of recti

muscles which we have just seen in the larva,

form successively the retractor muscles of the

labium, the depressors of the bead, the re-

tractors or depressors of the pro-sternum, or

those which draw that part to the meso-stemum,
and the pretractors of the post-furca or trian-

gular process of the metastemum ; and, lastly,

the inferior recti muscles of the abdomen. But
in each of these instances llie size and form of
tlie muscles are greatly altered, more especially

in the thoracic region, while in the abdominal

region those of the posterior segments exist

with less change of form than in the thoracic,

but are greatly reduced in size, and those of
the anterior abdominal segments, in which the

ventral plates of two or more segments have
become consolidated together, are atrophied

and have almost disappeared. In like manner
the dorsal recti of the larva exist in the imago
in the new form of elevators of the head,

superior retractors or elevators of the prothorax

and scutellum, and levators, depressors, and
adductors of the wings and dorsal longitudinal

recti of the abdomen. In the latter region

neither their form nor direction have been

changed, but like the ventral recti they have

been much reduced in size, because there is less

necessity for their active employment in the

perfect than in the larva state, in which nearly

the whole of the locomotive powers of the in-

dividual are entirely dependent upon those

muscles. Their form and direction have not

been changed because the direction in which

they are employed in the perfect state is pre-

cisely similar to that in which they are em-
ployed in the larvTi. But this is not the case

in the thoracic region, in which not only have

they been enormously increased in size and
changed in form, but their relative position

has also been altered, owing to the changes

that have taken place during the metainor-

* Trans. Entom, Society, Lond. vol. i. p. 335.

t Consideru Gencnles, p. 149.
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phoses in the position of parts of the tegu-

mentary skeleton, to which the muscles aie

attached. Hence the direction in which tliese

muscles are now required to act is also changed,

and from constituting, as in the larva, ot ly

one continuous series of uniform muscles,

acting in one direction, in the perfect insict

they become muscles that act in several dirtc-

tions, at different angles of the body, and in

some parts exceed in importance and size

every other division of the muscular syi-tem.

Thus, in the thoracic region, the dorsal mus-
cles, which were parts least employed in the

larva, are those which are of the greatest im-

portance in the perfect insect, both as regards

size and function. In the larva, as we have

seen, locomotion depends chiefly upon the ab-

dominal recti ; but in the perfect insect, on the

contrary, nearly the whole of this i)ower is

transferred to the dorsal muscles of the tliorax.

Hence the arrangement of these muscles is

more or less intricate, and differs in different

classes, according to the habits of the insects.

Thus, in those classes in which the prothorax

is short, and almost or entirely anchylosed to

the meso-thorax, as in the Hymenoptera, Lepi-

doptera, and Diptera, and in which, conse-

quently, scarcely any motion of the prothoracic

segment is required, the muscles become al-

most entiiely atrophied and cease to exist, or,

as is sometimes the case, their attachments are

transferred to a different part of the tegumen-

tary skeleton.

The most generally developed form of the

muscular system of the thorax is found in the

Coleoptera, of which Straus has given so admira-

ble an illustration in his anatomy of Mclolonl/ia.

It is from his description of the muscles of that

insect that we shall chiefly derive our general

description of these parts in perfect insects.

We shall, however, for the sake of uniformity,

adopt the nomenclature applied to these parts

by Burmeister, identifying it with tlie names
originally employed by Straus.

The muscles tliat connect the head with the

thorax are contained within the prothorax (Jiff.

402,2), and are of three kinds, cxtcnsors,Jlexurs,

and retractors. The extensors, levatorcs capitis

(a, a), consist of two pairs, one of which arises

from the middle line of the pronolum, and
diverging laterally from its fellow of the oppo-
site side, passes directly forwards and is in-

serted by a narrow tendon into the anterior

superior margin of the occipital foramen. The
other arises further back from the prophragma.

It is a long narrow muscle that passes directly

forwards through the prothorax, and is inserted

by a tendon near the superior median line of

the foramen ; so that while this muscle and its

fellow of tlie opposite side elevate the head
almost in a straight line, the one first described,

when acting alone or singly, draws the head a
little on one side ; but when the whole of these

muscles act in unison, they simply elevate the

head upon the prothorax. The depressors or

flexors, ileprcssores capitis (fc), are exceedingly

short muscles, which arise from the jugular

plate, or, when that part does not exist, from
the border of tlie pro-sternum, and aie attached

Fig. 402,

Section of the body of Melolontha, (Strom.)

to the inferior margin of the occipital foramen.

They simply flex the head on the prothorax. The

lateral flexors, depressores exlcnii ((/), are two

little muscles that arise from the same point as

the preceding, and are attached to the lateral

inferior margin of the occipital foramen. Tlie

rotatory muscles, rotaturcs capitis (c), are two

flat muscles like the elevators, which arise, one

at the side of the ante-furca and the other from

the posterior jugular plate, and passing up-

wards and outwards are attached to the lateral

margin of the occipital foramen. The retractor

or flexor of the jugular plate is a small muscle

(e) that arises from the margin of tlie ante-furca,

and passing directly forwards is inserted by a

small tendon into the middle of the jugular

piece. The oblique extensor of the jugular

plate is a long slender muscle (/) that arises

from the external margin of the proiiotum, and

passing obliquely downwards and forwards

traverses the prothorax and is inserted by a

narrow tendon to the jugular plate immediately
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before the retractor. The other retractor (g)
arises from the anterior suix^rior boundary of

the proiiotum, ami jv.issing downwards is in-

serted into the jugular plate between the larger

levator and the flexor capitis.

The muscles proper to the prothorax consist

of four pairs, by which it is united to the suc-

cecdrng segments. The first of these, the

superior retractor, retractor protliuracissiipcrinr

(A), arises by a broad Heshy head from the

anterior external margin of the pronotum, and
passing directly backwards is inserted by a

tendon into the prophragma a little on one side

of the median line. The next muscle of im-

portance, the iitferiorretractori^i), arises from the

anterior border of the medi-furca, and is united

to the posterior of the ante-furca, thus forming

with that muscle part of the great recti of tlie

larva. This muscle must be considered as the

proper depressor of the prothorax. The elev<i-

tor prothorucis (Ji) is narrow, pyramidal, and
ari.ses fleshy from the lateral surface of the

prophragma. It passes downwards and is

attached by a narrow tendon to the superior

portion of the ante-furca. The rolatores pro-

thnracii are the largest of all the muscles of

this segment. They arise, one on each side (/),

by a narrow head from the posterior part of

the pronotum, and passing beneath the pro-

phragma are considerably enlarged and attached

to the tegument between the two segments,

and also to the anterior portion of the meso-

thorax. The remaining muscle proper to the

prothorax is the closer of the spiracle, an ex-

ceedingly small muscle not shewn in the draw-

ing, llie other muscles of this segment are

those of the legs, which are of considerable

size. There are three distinct flexors of the

coxa (m, n, »). The first of these arises from

the superior lateral border of the pronotum,

the second from the superior posterior border,

the third from the sides of the prothorax, and the

fourth a little nearer posteriorly, and the whole
of them are attached by narrow tendons to the

sides of the coxa. IJut there is only one

extensor muscle to this part. In like manner
the extensor of the trochanter is formed of

three portions, (fig. 403, a, b, c,) but there is

only one flexor (</) and one abductor (e).

In the femur there is one extensor (_/), a long

penniforin muscle that occupies the superior

part of the thigh, and is attached by a tendon

to the anterior posterior margin of the joint,

formed by the end of the tibia. There is also

but one flexor (g) in the femur, which, like the

preceding muscle, is pennilorm, luid occupies

the inferior jiortion of the femur, and its

tendon is attached to the inferior border of the

tibia. In the tibia itself there is also one

flexor and one extensor. The flexor (i) occupies

the superior portion of the limb, and ends in

a long tendon (/) that passes directly through

the joints of the tarsus on their inferior surfece,

and IS attached to the inferior margin of the

claw (g). The extensor (A) occupies the infe-

rior portion of the tibia and is shorter than the

preceding muscle, like which it ends in a long

tendon that is attached to the upper margin of

the claw. Uesidcs these muscles, which are

Fig. 403.

ifmde$ of the anterior kg of MtMontha vulgarii.

( Straus.J

common K) the joints of the tarsus, there are

two others belonging to the claw, situated in

the last joint. Tlie first of these, the exteruor

(m), is short and occupies tlie superior portion

of the last phalanx of the tarsus, and the other,

the flexor (n), is a much longer penniform

muscle, which occupies nearly the whole of

the upper and under surface of the posterior

part of the phalanx, and is attached, like the

long flexor of the tarsus, to the inferior part of

the claw. These are the muscles of the pro-

thorax and its organs of locomotion, as shewn

by Straus, and exemplify the extent unto which

the muscular system is developed in perfect

insects. The muscles of the other segments of

the thorax differ considerably from these in

their form and arrangement,- but the len^
unto which this article has already been carried

prevents us from entering particularly into their

consideration. The great depressormuscle ofthe

wings, muscutut mttanoti (fig. 402, *), occupies

with its fellow the chief portion of the dorsal

surface of the raeso- and meta-thorax, and the

elevators and pretractors, musculi tateralet me-

tanoti (y,.y), the lateral superior parts of the

same segment, and descending obliquely back-

wards are attached to the metaphragma and

base of the post-furca. The other muscles

which belong to the legs and those that connect

the thorax to the abdomen are of considerable

siie. One of those of the posterior legs, the

second flexor (z), is seen immediately behind

the muscles of the wings, and the extemon

(a, a) at the posterior part of the segment. In

the abdomen the chief muscles are the dorsal
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recti (r, c) on the upper surface, and the corres-

ponding ones on tlie ventral, wliich are now
chiefly subservient to the motions of the organs

of generation.

From tlie number and complexity of the

muscles in these " miniatures of creation"

—

insects-—-we feel less surprised at the agility of

their movements and the variety of motions

which many of them perform, and less asto-

nishment at the wonderful strength which
many species possess. But still there are

instances of some of thera possessing a degree

of power that is almost incredible. The great

stag-beetle, Lucanus cervus, wliich tears off

the bark from the roots and branches of trees,

has even been known to gnaw a hole an inch in

diameter through the side of an iron canister in

which it was confined, and on which the traces

of its mandible were distinctly visible, as proved

by Mr. Stephens, who exhibited the canister at

one of the meetings of the Entomological So-

ciety,* an indication of an amount of strength

possessed by these insects of which before we
could have had no conception. But hardly

less surprising is the strength possessed by
Geotrupes stercorarius, which can support un-
injured, and even elevate an immense weight,

and make its way beneath almost any amount
of pressure. In order to ascertain the amount
of strength possessed by this insect, we have

made a few experiments from which it appears

that it is able to sustain and escape from

beneath a pressure of from twenty to thirty

ounces, a prodigious weight when it is remem-
bered that the insect itself does not weigh even

so many grains. But this amount of strength

is not confined to the short thick-limbed beetles.

We once fastened a small Curabus ( ?),

weighing only three grains and a half, by means
of a silken thread to a small piece of paper,

upon which the weight to be moved was placed.

At a distance of ten inches from its load the

insect was able to drag after it, up an inclined

plane of twenty-five degiees, very nearly eighty-

five grains. But when placed on a plane of

five degrees it drew after it one hundred and
twenty-five grains exclusive of the friction to

be overcome in moving its load.

The motions of the insect in walking as in

flying are dependent in the perfect individual

entirely upon the thoracic segments, but in the

larva chiefly upon the abdominal. Altliough

the number of legs in the former is always six,

and in the latter sometimes so many as twenty-

two, progression is simple and easy. Miiller

stalest that on watching insects that move
slowly he has distinctly perceived that three legs

are always moved at one time, being advanced
and put to the ground while the other three

propel the body forwards. In perfect insects

those moved simultaneously are the fore and
hind feet on one side and the intermediate foot

on the opposite, and afterwards the fore and
hind feet on that side and the middle one on
the other, so that, he remarks, in two steps the

' Transact. Ent. Soc. Loud., vol. ii. Journal of
Proceedings, p. xxii.

ElemenUof Physiology, p. 970. (T.-ansl.)

whole of the legs are in motion. A similar

uniformity of motion takes place in the larva,

although the whole anterior part of the body is

elevated and carried forwards at regular dis-

tances, the steps of the insect being almost

entirely performed by the false or abdominal

legs.

Inflight the motions depend upon the meso-

and meta-thoracic segments conjointly, or en-

tirely upon the former. The sternal, episttrnal,

and epimeral pieces, freely articulated together,

correspond in function with the sternum, the

ribs, and the clavicles of birds.* The thorax

is expanded and contracted at each motion of

the wings, as in birds and other animals, and

becomes fixed at each increased efl'ort as a

fulcrum or point of resistance upon which the

great muscles of the wings are to act, thus

identifying this part of the body in function as

in structure with that of other animals.

The Nervous Sj/ste/n.—Comparative exami-

nations of the nervous system in Articulata,

and the changes which it undergoes, more es-

pecially in Insects, as well as the existence in

it of parts which we regard as analogous to the

motor and sensitive portions of the spinal cord

in vertebrata, have invested this division of our

subject with more than a common amount of

interest.

It has been shewn in a former part of this

work,t that in Articulata the most rudimentary

condition of the nervous system exists in the

form of two longitudinal cords, extended along

the median line of the under surface of the

body, parallel with each other, and nearly close

together, excepting at their anterior part, where

they diverge, and pass upwards, to embrace be-

tween them the commencement of the alimen-

tary canal. In a more advanced stage of or-

ganization each of these cords has a series of

enlargements or ganglia in its course, situated

at certain distances apart, and varying in num-
ber according to the number of segments into

which the body of the animal is divided.

These enlargements correspond precisely in si-

tuation in both cords, so that the nervous sys-

tem in this condition may be described simply

as composed of two knotted, parallel cords.

The enlargements in one cord are either placed

close to the corresponding ones in the other, or

are separated only by a very slight interspace.

This is the form in which the nervous system

exists, as we have seen, in the Talitrus,! in

which the ganglia are approximated together,

but are still distinct from each other, and form

a double series of enlargements, united by in-

tervening cords. This is also the condition in

which the nervous system exists in its most ru-

dimentary state in the larva of hexapodous

insects. But these parallel cords, which toge-

ther form the analogue of the cerebro-spinal

system of vertebrata, and correspond one to

each side of the body, are not in themselves

simple structures, each one being composed of

• Bennet on ihe anatomy of the thorax in insectf,

and its fimciion during flight. Zoological Journal,

vol. i. p. 394.

t Art. Crustacea, Entozoa, Annelida.

t Crustacea, vol i. p. 763, fig. 391.
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two distinct columns of fibres, placed one upon
the other, and closely united togellier in every

instance. The under or external column,
which is nearest to the exterior of the body, is

that in which the ganglia or enlargements are

situated. The up|ier one, or that which is

internal and nearest to the viscera, is entirely

without g-anglia, and passes directly over the

ganglia of the under column without forming
part of them, but in very close approximation
to them. In some sjiecies, as in the larva of
Timarcha tencbrkona, (Jig. 404, 2, 3, 4,) and
Proseatabifus vulgaris, among the Coleoptera,
and of the flee and other Aculeate llymenop-
tera, this column is more apparent than in the
larvae of I>epidoptera, in which it is indistinctly

seen, excepting when it is beginning to pass
over or is just leaving the surface of a ganglion.

Fig. 404.

.-^'

f.
Timarcha ienebriooia,

size.

JVerrouJ lyttem of the larva

B, natura

The ganglionless upper or internal column
of fibres is the part which we believe to

lie analogous to th« motor column of verte-

bmta, and the external or under one, in which

the ganglia are situated, we regard as the ana-

logue of the sensitive. Thus the two cords are

each composed of a motor and a sensitive co-

lumn, and represent, we believe, the cerebro-

spinal system of vertcbrita. In the Aculeate

llymenoptera, the ganglia of the cords are in a
slate of development similar to those of the

Talitrus ; they are approximated together late-

rally, but still remain distinct from each other,

and thus present a transitory condition in the

larva state of an insect similar to their perma-

nent one in the lower Crustacea. In the Fimar-

cha, the anterior pair, or supra-oesophageal gang-

lia, still continue distinct from each other, C_^.
405, A A,) and retain their rudimentary form,

as in the Talitrus, and the cords are also sepa-

rated ; but the several pairs of suboesophageal

ganglia have each coalesced into a single mass.

Fig. 405.

The mpra-amphageal gimgUa, or brain of larra of
Timarcha lenebncota, {Hewfort, Phil. Tram.J

A similar coalescence of the ganglia, but car-

ried to a less extent, exists in the larvs

of Lepidoptera, in which the form of the ner-

vous system of insects has been most frequently

examined. Malpighi and Swammerdam ex-

amined this structure in the Silkworm, and
Lyonet in the larva of the Goat-moth, Cottus

ligniperda. We have also examined it in the

larva of the Privet Ilawk-moth, Sphinx
ligustri, in which we shall now describe its

general form and distribution.

Cord and nerves of the larva.—In the

larva of tlie Sphinx, (fig. 406,) as in

most others of the vermiform type, the nor-

mal number of double ganglia is thirteen.

The anterior pair (A) situated above the oeso-

phagus, represent the brain, and the first of

those which are situated below it, (b,) the

medulla oblongata. These are the proper

ganglia of the head or first segment, and the

cords by which they are connected together,

and which descend one on each side of the

oesophagus, in like manner represent the crura.

Posteriorly to the medulla oblongata, which we
shall distinguish as the first subcesophageal

ganglion, the cords pass directly backwards into

the second segment, where they form the se-

cond suboesopliageal ganglion (2). They then
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diverge a little from each other, and include
between tlieni the insertions of the first set of
diagonal muscles, and at tlie posterior part
of the third segment ap^in approach each
other, and form the third ganghon (3).

JVerrou! system of the larva of Sphinx liguttri.

(Newport, Phil, tram.)

They then again diverge, and continuing their

course into the next segment, pass on each side

of the insertion of a second set of muscles, and

approaching at the hinder part of the fourth

segment form the fouitli ganglion, (4,) from

which tliey contiime their course side by side,

and in the next segment form the fifth and last

ganglion, (5,) that enters into the composition

of the thoracic portion of the nervous cord in

the perfect insect. From the fifth ganglion the

cords are continued in a direct line, into the

sixth, seventh, and succeeding segments, form-

ing in each a double ganglion, to the eleventh,

where they form the termmal ganglion (11,12).
This is considerably larger than any of the pre-

ceding, being in reality composed of two dis-

tinct pairs, wliicli originally were separated

from each other by intervening cords, and be-

longed to tlie eleventh and twelftli segments,

but which seem to approach and become closely

approximated to each other during the eailier

period of the larva state, as suggested by Dr.

Grant, and supported by the fact that these

ganglia are found more or less approximated

together in different individuals, the terminal

ganglion in some being distinctly formed of two
pairs, scarcely united, and in others so com-
pletely coalesced as hardly to be distinguished.

In other Lepidoptera, as in OdoncslU polutoria

and Lasiocampu neustriu, and as represented

also by Lyonet, in Cossus ligniperduj* the

ganglia continue distinct, and are separated by
a very short portion of the cords. But in the

Timui-cha, the eleventh and twelfth ganglia

have completely coalesced, and it is remark-

able that they are also united even in the

rudimentary form of the nervous system in the

aculeate liymenoptera, as in the larva of the

bee, and even in its still more rudimentary state

in the larva of Ichneumon Atropos, in both

which tliere are originally thirteen distinct pairs

of ganglia, including the supra-cesophageal ones,

although Burmeister has imagined that the

apodal larva; of Hymenoptera have a nervous

system without ganglia,t similar to what he has

observed and figured in the larva; of some Dip-
tera. It was shown by Swammerdam,! that in

the Lamellicornes, as in Ori/ctcs nusicomis,

the cords are united laterally, and do not extend

beyond the fourth segment, from whence the

nerves radiate into the abdomen. In Dyticus,

according to Burmeister, § the two approxi-

mated cords are very short, and the pairs of

ganglia are contiguous to each other, and he

has found a similar form of the nervous system

in the Hog-beetles, Calimdru sommeri, in which

there are twelve pairs of closely approximated

suboesophageal ganglia. The supra-oesophageal

pair in this species are distinct, as in Timarcha,

but each pair of the suboesophageal has co-

alesced into a single mass, as in that insect, and
the whole do not extend beyond the fifth seg-

ment, from whence the nerves radiate into the

abdomen, as in tlie Lamellicornes. These are

the conditions which the double cord presents

in the difterent classes. In describing the

nerves that proceed from it, we shall divide them
into those of the head, the thorax, the abdomen,

and the organic functions.

• Plate ix.

t Manual, (translat.) p. 279.

X Biblia Natura, Tab. xxviii. fig. 1.

§ Op. cit.
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Nerves of the hetid.—When the first pair of

ganglia, which always coiislilute the brain, are

viewed from above, they each present a convex
uniform appearance, and are disliiignished

from each other by a depression between them,
which is more apparent on their anterior than
their posterior surface, and is occasioned by the

lateral part of each lobe or ganglion being car-

ried a little forwards, so that the two lie across

the oesophagus in a curved or lunated direction.

On their under surface they are concave, to

uda])t them to the form of the oesophagus,

alxive which they are situated. From the an-
terior and lower part of each lol)e originate

four remarkable nerves, wliicli belong to the

organs of sense and the viscera. Tlie first and
largest of these, the optic, ])a.<(ses a little for-

wards and outwards to the stemmata, a little

behind the mandibles; the second, the anten-

tial, passes a little more anteriorly, to the palpi-

form antenna; the third, and most inferior,

descends at the side of the pharynx, and uniting

with its fellow of the opposite side forms a
loop or collar around the oesophagus, to the

uniler-surface of which it distributes a few fila-

ments. VV'e consider it as analogous to the

gloao-phatyngeal nerve of vertebrata. The
fourth is situated between the second and third.

It passes a little forwards from its origin, and
then ascending above the pharynx, meets its

fellow of the opposite side, with which it forms

a minute ganglion, from the hinder part of
which a single nerve passes back>vards (6)
beneath the brain, in tlie median line above the

oesophagus, to the stomach and viscera. This
nerve was discovered by Swammerdam,* who
called it tlic recurrent, from the manner in

which it originates and is distributed, and it

was afterwards minutely figured and described

by Lyonct. Miiller has since described it

minutely, and figured it in many species, in his

paper on the sympathetic nerves of insects, as

the proper visceral nerve, analogous to the sym-
pathetic. In a pajier in the Philosophical

Transactions in 1832, we described it as the

vaguSff of which we believe it is the proper

analogue. At that time we were led to sup-

pose that it had previously been so described

Dy Straus Durckheim, but such, as we have
since found, was not the case. We shall pre-

sently return to our description of this nerve,

in the perfect insect, as belonging to tliose of

the organic functions. Besides these four pairs

of nerves from the anterior part of the

brain, there is also one minute pair from the

posterior, which is directed backwards, and de-

vt^loped on each side of the head into two pairs

of little ganglia, (n,) which constitute part of

the si/mpathctic system. The first of these

ganglia was discovered and rudely figured by
Swammerdam,J and aficrwards more correctly

by I.yonct, and the second by Straus Durck-
heim. We have designated them from their

situation the anterior lateral ganglia.^

* Op. cit.tab. xxviii. fig 2.

t Part 2, p. 386.

X Op. ctt. tab. xxviii, tig. 3 i.

I Philosophical Trans, p. 2, 1832, pagr 387.

VOL. II.

Tliesc arc the proper cerebral nerves of the

larva, and belong to tlie senses and org-.uiic func-

tions. Tlie medulla oblongata, or first sulxeso-

phageal ganglion, also gives origin to four pairs

of nerves. The most anterior pair of these is

given to the labium ; the next to the palpiform

maxilla?; the third, the analogue of the fifth of
vertebrata, conjointly to the muscles of the

mandibles and maxillae; and the fourth, the

most posterior pair, to the silk vessels, the pro-

per salivary organs of the larva.

The nervet of the tliorax belong to the se-

cond, third, fourth, and fifth suboesophageal

ganglia, and their intervening cords. Tlie firiit

pair of nerves from the second ganglion (2)
are exceedingly small, and are given to the

retractor muscles of the head. The second
pair (f) are large, and are divided into many
branches that are given to the whole of the

muscles of the lateral and superior part of tliat

segment, and tlie third (</) are directed back-

wards, and supply the anterior or prothoracic

legs. The third ganglion (3) produces also

three pairs of nerves. About midway between
the second and third ganglion the cord pro-

duces on each side a single nervous trunk (f),
which is directed a little backwards, and unites

at an angle with the first nerve from the third

ganglion. These together from a single trunk,

which in the early stage of the larva is exceed-

ingly small, but increases much in size as the

period of changing into the pupa state ap-
proaches. It is the first alary nerve, and is

given to the future anterior pair of wings, and
is now distributed among the muscles of the

anterior part of the segment It is also con-

nected with one set of tlie transverse nerves (<),

which exist in each segment loosely attached

to the cords, and which we shall describe more
particularly hereafter. The second [lair of

nerves from this ganglion produce each at their

base a small branch, which has the appearance

of a distinct nerve, and which is distributed

laterally to the deep-seated muscles, while its

main trunk {g) is given to tlie second, or meso-

thoracic pair of legs. Half-way between the

third ana fourth ganglion the cord again pro-

duces on each side a single nervous trunk (i),

which, like the corresponding one in the pre-

ceding segment, is directed backwards, and
unites with die first nerve from tlie third gan-

glion. It is the second alary nerve given to

the muscles of the future second pair of wings.

Like the corresponding nerve in the preced-

ing segment, it is very small during the early

i>eriod of the larva state, but is greatly en-

larged as the period of transformation ap-

proaches. It also unites, like the former, with

a set of the transverse nerves (A), and then

passes outwards about midway across the recti

muscles, between which it [jenetnites, and

pursues its course upwards to the lateral and

dorsal muscles of the segments, and which are

to act upon the future wings. The second

nerve from the ganglion divides, like the cor-

responding one fit>in the ganglion of the pre-

ceding segment, into two branches, one of

which (A") crosses the smaller rectus muscle,

and passes beneath the larger to the dorsal

3«
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muscles of this segment, and the second is

given directly to the third pair of legs. The
fifth ganglion (5), which is situated at the an-

terior part of the fifth, or thoracico-abdominal

segment, belongs, as we shall hereafter see, to

the thorax. Like the abdominal ganglia it

gives off two distinct pairs of nerves, the an-

terior of which crosses the smaller, and de-

scends beneath the larger rectus, and is dis-

tributed to the muscles which afterwards con-

nect the thorax and abdomen of the perfect

insect; and the second, a smaller pair, passes

diagonally backwards below the third rectus,

to the triangular and transverse abdominal

muscles. These are the nerves of the thorax

in the larva of the Sphinx. In other species

there are some marked differences in their

mode of distribution. Thus, in the Cussus

ligniperda, as shown by Lyonet, the first and
second subcesophageal ganglia are closely ap-

proximated together, and have no intervening

cords, and their nerves, consequently, pass di-

agonally backwards, and not transversely, as

in the Sphinx. The nerves for the future wings
are not derived, as in the Sphinx, from the

ganglionless parts of the cord, but from the

ganglionated portion alone, and the distance

between the fourth and fifth ganglia is con-

siderably shortened. In the larva of the nettle

butterfly, Vanessa urticit, as formerly shown
by us,* the alary nerves are derived directly

from the cord itself, between the second and
third and third and fourth ganglia, but they do
not unite, as in the Sphinx, with a nerve from

the next ganglion, but only with the transverse

nerves. But in some of the Bombi/cidie, as in

Odonestis polatoria, we have found the same
connexion to exist between the alary nerves

and those of the ganglia, as in the Sphinx, and
a similar union also between them and the trans-

verse nerves. This is particularly interesting from
its proving that three distinct branches enter

into the formation of the nerves for the future

wings. We have found a similar double ori-

gination of the alary nerves in the vermiform

larvse of Ilymenoptera, as in Athulia centifoiia

;

and Burmeister has detected a similar condition

of the same nerves in the larva of one of the

Coleoptera, Catosotna sycophania, and, as we
shall presently see, a similar condition exists

even in some perfect insects. Burmeister, who
observed these connexions of the nerves in

Culosoma, and called them auxiUuri/ connect-

ing nerves, has somewhat curiously remarked

that he believes they have not before been ob-

served in any insect, particularly in the Lepi-

doptera, in proof of which he adduces Lyonet's

description and delineation of the nerves in

Cossus, in which, as we ourselves have found,

they certainly do not exist. The reason for this

difference of manner in which nerves that are

given to similar parts in insects of the same
order and family originate, is a matter worthy

of much consideration.

Nerves of the abdomen.—All the nerves from

the sixth to the terminal ganglion belong to the

abdomen, and are nearly uniform both in num-

• Phil. Trans. 1834.

ber and distribution in the segments. Each
ganglion produces one pair of large, and one
of small nerves, entirely distinct from the se-

ries of transverse nerves (o) that lie loosely

upon the cord.

It will be remembered that, according to

our view of the structure of the cord and
nerves, each nerve from a gangliated portion

of this cord is formed of one set of fibres from
the external or gangliated part, and one from
the aganglionic or motor column (jig. 400),
which passes over the ganglion (a), but so closely

attached to it as to appear as if it formed a part

of that structure. These, therefore, are quite

distinct from the transverse nerves (c). The an-

terior pair of these nerves from the gangliated

cord pass laterally across tlie smaller rectus,

having first received a minute branch from the

transverse nerves, and, while passing beneath

the larger rectus, each one gives off its first

branch (p), and when passing between the

second and third oblique muscles its second
branch ((/), which is directed forwards, and a

little farther onwards its third (r), and its

fourth (s), which are directed backwards. The
main trunk (t) then crosses the great lateral tra-

chea, and having received another filament

from the transverse nerve (h), divides into two
branches (<), which pass upwards between
the dorsal oblique and recti muscles, and
are divided into numerous ramifications.

About midway across the dorsal recti some of

the branches form a small plexus («), before

they are ultimately distributed to the muscles

and tegumeut. The two first divisions of this

nerve merit particular attention. The first (p)
passes backwards beneath the greater rectus,

and divides into two branches. The anterior

one («) is distributed to the four oblique mus-
cles, and to the external or under surface of
the rectus, which, as we shall presently show,
is supplied on its internal surface from the

transverse nerves (J). The second division

passes backwards and is given, one portion to

the under surface of the smaller rectus, and
the other to the great oblique, while the ter-

mination of this portion {w) is continuous with
a filament of the second branch of the trans-

verse nerves (/). Some branches from this

nerve pass between the triangular and second
oblique muscles (r), and others are given to

the latero-abdominal. The second branch (y)
of tJie great moto-sensitive nerve passes be-
neath the great oblique, and gives off branches
to the transverse abdominal muscles ( y), and
the latero-abdominal {z), while another sup-
plies the latero-abdominal (31) and the oblique

constrictor of the spiracle (25), and then di-

vides into two portions, one of which is given

to the retractor valvulic (27), and the other

to the transverse lateral muscles (24). The
divisions of this branch of the moto-sensitive

nerve are particularly interesting. Before dis-

secting these nerves we had supposed that

the constrictor of the spiracle (25) and the

retractor of the valve (21) were supplied by
the transverse nerves, and hence were surprised

on finding that their nerves were derived from
the great moto-sensitive of the gangliated cord,
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by wliich it Is presumed tlicy are thus endowed
witli voluntary power and sensation. But on
reflection it will appear that this ought really to

l)e the case. To enable the insect to make a
forcible expiration and close its snlracle, which
is evidently an act of volition, tne great con-
strictor of the spiracle ought to be endowed
with voluntary nerves. On the other hand,
since, as we know from fxperiment that the
insect has a voluntary power of closing, it must
also have a .similar power of oix'uiiig the orifice,

and, consequently, the retractor valvulas ought
to be supplied from the same source as the

constrictor. The remaining portion of the
trunk of these nerves passes forwards and out-
wards, crosses the retractor of the spiracle

and gives off its third branch, which is again
divided, and sends one portion backwards to

the anterior (18) and die transverse abdominal
muscles (17), and the other forwards to die

transverse lateral (23). The remaining portion
of the nerve is distributed to the dorsal muscles
and teguments. Tlie second nerve from the

gangliated part of the cord is much smaller
than the first. It passes diagonally backwards
and outwards, and divides into two branches,

the first of which is given to tlie latero-abdo-

minal muscles, and the second to the triangular

and transverse median, while the other (/c)

passes downwards and outwards, and is con-

tinuous with pait of tlie tliird bituich of the

transverse nerves (i).

Besides the nerves thus described as belong-

ing to the moto-sensitive cord in the thorax and
abdomen, there are others that merit particular

consideration, both from the circumstance of

their lying loosely above the cord, aud from
their special distribution. Tliese nerves, which
were formerly distinguished by us* as trans-

verse nerves from the direction of their prin-

ci|)al branches, and as respiratori/ from their

siiecial distribution to the respiratory organs,

were discovered by Lyonet, and are delineated

and particularly described in his anatomy of

Cdssus iigniperda. There is a plexus of them
in every segment of the thorax and abdomen.
Like the alary nerves of the cord in the thorax,

there is a little difference in Uie distribution of
some of them in the Sphinx from that of the

corresponding plexus in the Cossus. In our
earlier examinations of these nervesf we be-
lieved them to originate from the posterior part

of each ganglion of the cord, and this also was
tlie opinion of Lyonet with reference to those

in the Cossus which constitute the second and
third plexus of the thorax, and die last of the

abdomen, and which, he ex|)ressly states, do
not come from die cords, but from the ganglia {
We have since been satisfied that die plexus in

one segment is connected with that in each
succeeding one by means of a minute filament,

derived from the transverse portion of Uiese

• Phil. Trans. 1832. part ii. p. 389, and 1834,
iiort ii. p. 401, also l&3b, pan ii. p. 544.

t Op. cit. 1832.

J Traiie Anat. de la Chenille, 1760. alao 1762,
p. 98 and 204.

nerves, and which, passing Lttetidly over and
very close to the ganglion of the cord, joins ita

fellow of the opjiosite side, in the middle line

behind it, to form the longitudinal portion of
the next plexus, such filament gathering a few
additional ones from the upper or motor sur-

face of the cords. Hence, as we have stated,*

these nerves are of mixed character, and con-
tain some voluntary motor fibrils. Eiich plexus

is formed of Uiese two filament.1, which, closely

approximated together, pass backwards along

the median line above the cord, until they

arrive just before the next ganglion, where they

diverge nearly at right angles, and are closely

approximated to another series of fibres that

runs in a commissural manner transversely

across the body, from one side to die oOier.

On each side a filament (e) is given off from
the transverse nerves to unite widi the moto-
sensitive

(J') close to die inner side of die

smaller rectus. Near the external margin of

that muscle it gives off another branch

(g), which passes forwards upon the mus-
cle, unto wliich it gives filaments, and then

turns suddenly outwards (A), to join a branch
from the great moto-sensitive nerve, while a
smaller branch is continued onwards to supply
the remainder of the muscle. This union is

exceedingly interesting, and illustrates the fact

that, even in the Iiivertebrata, some of die

nerves in one part are connected by loops with
those in others, as noticed by physiologists in

the V'ertebrated classes. The next branch (i)

of the transverse nerves is equally interesting

from the same circumstance. It is continuous

in the same manner with anodier branch of die

moto-sensitive (fc). This branch is com|)osed

of fibres that are approximated to the transverse

trunk, and pass some from widiout inwards,

and odiers from within outwards, to form die

nerve (i), leaving between them at its base a
little triangular interspace, covered by a mem-
brane and resembling the plexus (t). Tliis

nerve jiasses directly forwards until it arrives

at the insertion of the greater recti (j), where
it gives off a large branch to those muscles,

and then passing beneath the oblique muscles,

unto which it is distributed, and to the trian-

gularis, becomes connected by loops with the

second pair of moto-sensitive nerves (A) in the

preceding segments. Neither of these two
branches have been delineated by Lyonet in

the Cossus. The next branch (/) of the trans-

verse nerves is given to the tracheie and visceral

surface of the great rectus, after which the

trunk of the nerve passes outwards until it

arrives at the tuft of tracheal vessels which are

situated just behind the spiracle (K). It there

divides (m) into two branches, one of which
passes on eaoli side of these trache.i'. Some
filaments from the anterior branch pass inwards

along die trachea towards the alimentary canal,

while others are distributed to the transverse

lateral muscles, dorsal recti, and lateral mus-
cles of the dorsal vessel. The other divjsicn

of the nerve also gives branches to the traches

• Phil. Trans, part ii. 1836.
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and to the moto-sensitive nerve (n), and, like

tlie other, the obliqui and recti muscles and
dorsal vessel. This division of the transverse

nerve into two branches before it arrives at the
trachea is not figured by Lyonet in the Cossus.
In his delineation the transverse nerve crosses

the trachea singly, posteriorly to the spiracle,

where it communicates, as in the Sphinx, with
the first moto-sensitive nerve from the gan-
gliated cord, but does not give off a large

branch anteriorly to the spiracle. We are thus
particular in our description of these nerves,

because it has sometimes been supposed that

their distribution is precisely the same in all

Lepidoptera, but which it is thus seen is not
the case.

Such, then, are the origins and the distri-

bution of the nerves in the larvae of Lepidop-
tera, into the description of which we have
entered thus minutely in order to show that

some nerves are distributed, more especially

than others, to parts concerned both in the

organic functions and the voluntary motions of
the animal, and that others are given almost
exclusively to parts that minister entirely to

sensation and volition. Of the first kind are

those which we have designated respiratory

nerves ; of the second are thosewe have described
as the moto-sensitive, the proper nerves of the

cord. The distribution of the first so especially

to the respiratory organs is a circumstance which
justifies us, we think, in still regarding them by
that designation, whether they be considered
as constituting a distinct system, as formerly
supposed, or as being of a mixed character,

connecting the organic with the voluntary func-
tions of the body, as suggested by Professor
Miiller, and as we now regard them. In our
earliest inquiries into the structure and uses of
parts of the nervous system in insects, we first

described these nerves with reference to func-
tion, as respiratory nerves, but it was after-

wards suggested by Professor Grant that these
' mighl be motor nerves,' an opinion founded
analogically upon the existence of a loose and
easily detachable structure situated upon the
nervous cord in the Scorpion and the Centi-
pede, and which was imagined to be tlie motor
tract, but which has since been shown to belong
to tlie vascular instead of the nervous system.
The structure which we regard as the true

motor column, we have always found in close

apposition with the sensitive, and in no instance

lying fi-eely upon or loosely attached to it.

niat the transverse nerves aie indeed of a
mixed character may readily be inferred from
the description we have above given of their

peculiar structure, which was in part noticed by
Lyonet,* who called these nerves brides

epinieres. It is distinctly seen that three sets

of fibres enter into the composition of them.
The commissural set, which runs transversely

across the cord to each side of the body, is per-

fectly distinct from the longitudinal that form
the single loosely attached longitudinal portion

of each plexus above the cord. The pecu-

• Op. cit. p. 201.

liarity of their distribution is also as remarkable

as their structure. We have seen that they are

given to the muscles of the wings, not sepa-

rately, but approximated to other nervous

trunks, which are derived both from the com-
pound cord and from the ganglia; that they are

given to the muscle that connects the alimentary

canal to die general muscular structures of die

body ; that they are connected with die nerve

from ganglia of the cord in each segment,

are also given separately to the organic struc-

tures, the trachea; and dorsal vessel ; and that

these nerves alone follow the course of the

trachere inwards to their distribution on the

alimentary canal ; from all which it may be in-

ferred that their function is certainly in part

organic; while the fact of their being also in

part continuous with some of the nerves from

the cord which are distributed to voluntary

muscles renders it equally apparent that they

are in part also connected with the function of

volition.

T/ie nervous system of the perfect insect

differs considerably in the size and relative

position of its parts from that of the larva.

Instead of its being almost equally distributed

to every segment of the body, the greater pro-

portion of it is removed forwards and concen-

trated in the head and thorax. This concentra-

tion takes place in every insect that undergoes

a complete metamorphosis. The great principle

upon which the development of the nervous

system depends, is the approximation and
concentration of the ganglion of the different

segments, die shortening of the cords, and the

formation of new trunks, by the enlargement,

the changing of place, and the aggregation of

several nerves into one bundle, occasioned

and rendered necessary by other changes that

take place in the body at a certain period. A
concentration, therefore, of the nervous matter

is regarded, both in the perfect and larva con-

dition, as a proof of a higher stage of develop-

ment in an insect than when the nervous matter

is more equally distributed. On this account

partly it is that the Coleoptera are considered

the higher forms of insects, because, in addition

to a more perfectly developed form of the tegu-

mentary skeleton, there is also in them a concen-

tration of the nervous masses, which, in the

more perfect species ofthe order, are confined en-

tirely to the region of the head and thorax. This
is the case even in die larva condition of some
of die Lamellicornes, Scarabccidce, Geotrupidtc,

and Meiolonthidrc, in which the nervous masses

are confined to the first five segments, and the

nerves radiate from them into the abdomen, as

formerly shown by Swammerdam in Oryctet

nasicornis. But although an aggregation of the

nervous masses into one region of the body is

usually, it is not invariably, a proof or an
accompaniment of high development; since a
condition similar to that of the larva; of the

Mclolonthidie exists even in some of the lowest

forms of larva; of other orders, as in the lar\'8B

or common maggots of Diptera, and in some
of die perfect insects, as in the Gad-fly, (Estrus

equi; while, on the contrary, a lengthened
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form of coni and distribution of nanplia exists

evfii in m:uiy of the more |)erfect Coleoptera,
as in tile Caralmla: (Jig. 407) and Uydrophi-

Nervtmx tyttem of Curabut mmulia.

lidic. Swammeidain long ago showed tliis

aggregation of ntrvous matter in tlie maggot of

the clitcst'-hojipcr, and liurmeistcr lias since

observed even a more concentrated fonn in the

huva of Eriitalis tenax, llie ral-lailed maggot

of ceupooU and privies. In the latter iiislarioe,

as seen also by ourselves, the nervous system
consists of a sliort nodulated cord, which does
not extend beyond the three very short thoracic

segments, and the greater portion of the body,
the nine posterior segments, receives its nerves
directly from tlie cord in the thorax, and not
from a ganglion in each segment. Tliis is a
circumstance the more remarkable, if, as be-
lieved by Straus and others, the existence of
tlie ganglia is regulated entirely by the mobility
of tlie segments or the existence of appendages,
because, in tliese instances, the extremities of
those segments in which the cord is placed
are undeveloped, or only, as in Eristalis, in

the most rudimentary form and almost useless,

the sole organs of locomotion being the abdo-
minal or false legs, while in the common
maggots (Jig. 358) both the abdominal and
thoracic legs are absent, and locomotion is

performed equally by every segment of the
body. In addition to this it may be stated that

in some of the active larvse of the most perfect

Coleoptera, as in tlie Carabida, there is a
lengthened form of cord and a ganglion in

almost every segment of the body. Burmeister
found the brain and twelve sub-oesopliageal

ganglia in tlie larva of Calosoma, and yet the

insect possesses only six thoracic legs, the

abdominal ones being entirely absent, excepting
only the caudal leg or extremity of the abdo-
men, in which segment there is no ganglion.

These facts will prove that although a concen-
trated form of the nervous system usually exists

with a more perfect development of other parts

of the body, it exists also when the develop-
ment of other parts is imperfect. It is not,

then, the immobility of the segments that regu-
lates the disappearance of the ganglia, since,

as Uurnieister has justly remarked, there is as

little motion of tlie segments of the abdomen
in tlie perfect Carabida: and Lucanidit, in which
cords and ganglia exist, as in the Melotonlhidtr,

in which they are absent. Neither is it neces-

sary that ganglia should be present as a means
of supplying energy in segments upon which,
as in Erittalit, the entire locomotive power of
the insect depends, or that when ganglia are

present they are necessarily connected with the

function of motion.

The most concentrated form of the nervous
system in all its states exists in the Lamelli-

comcs, the Scarabaidir, and MclolontUida

;

but it is remarkable that even in these the

development of the brain or supra-cesophageal

ganglia is less perfect in the larva state than

any of the other ganglia, and is not more
advanced than in the Lepidoptera, in which,

in the caterpillars of the nettle butterfly, Vanessa

urticie, so late as the middle of the last period

of the larva state we have found these ganglia

very distinct from each other, being only

approximated in the middle line by their convex

surfaces. Towards the latter period of the

larva state they become rapidly more and more
united, and at the time of change have formed

one continued mass, placed transversely across

the oesophagus. A smiilar condition of the

brain exists in tlie soft-bodied laivs of the
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Lamcllkornes, as sJiown in SwammcrJam's
drawing of On/ctes,* and Burmcister has

delineated a like condition in tlie larva of

Cahndra Sommeri.\ We have before seen

(fig. 405) tliat such is also the case in the brain

of Timarcha. From this it would appear that

the cerebral ganglia are the parts of the nervous

system last perfected in tlie larva, while it is

interesting to observe that the reverse is the case

as respects the terminal ganglion ; that part,

as correctly remarked by Professor Grant,|

being the first to advance forwards and become
united to the penultimate ganglion, to form

the great caudal mass, at an early period of the

larva. This is evident in the rimarcha, in

which the eleventh and twelfth ganglia have

coalesced into a single mass, while the cerebral

ganglia only just meet above the (Esophagus.

But this is not the case in the perfect insect,

(Jig- 408,) in which the cerebral ganglia (A)

Fis. 408.

of manducatlon. The cords are enlarged, as

also are the three ganglia of the thorax and
their nerves, and a coalescence has taken place

between the fourth, fifth, and sixth ganglia,

their intervening cords being entirely obliterated,

and the nerves aggregated together are now
derived from one mass, the great meta-thoracic

ganglion, tlie last part of the nervous system in

the thorax. A similar change has also taken

place in the remaining part of the cord and
ganglia, which now forms tlie abdominal por-

tion. The cord between each of the ganglia

has been shortened, and the tenth, eleventh,

and twelfth are united and form the caudal

mass, which is situated about half way across

the abdomen. Such are the changes that take

place in the nervous system of an inferior type

of Coleoptera; in the higher forms, as in the

Mclolont/iid^; the series of approximated
ganglia does not extend beyond the middle of

the nieta-thorax, the cords being terminated by
a kind of Cauda equina, all tlie nerves that go
to the abdomen are aggregated together and
extended into that region over the iiost-furca.

A similar structure, but in a less complete form,

exists in the Vytiscidtc, in which, as in the

Hi/daticus cinereus, a short cord is found with

seven constrictions upon it, corres[X)nding to

that number of ganglia which probably

existed in the larva state, but have nearly dis-

appeared during the metamorplioses. But that

this concentrated form of the nervous system is

not necessarily connected with high develoj)-

ment of other parts of the body is further

shown in the common Earwig, Forficula auri-

culariu, ia which there are ten distinct sub-

F'lg. 409.

N&nxnu system of perfect state of Tianarcha tenC'

bricosa,

A, cerebral mass or brain; B, optic nerves; C,
origin of sympathetic.

have become greatly enlarged, united together,

and represent a distinct brain, from which jiro-

ceed the nerves of sense, and united by long

crura to the medulla oblongata (1), from which

are given off as before the nerves of the organs

• Biblia Nat. tab. xviii. fig. 1.

t Kiir Naturi;cschichte dcr Gattung Calandra,
fig. 13, Berlin,^1837.

t Phil. Trans. 1832, part ii. p. 384. Outlines of

Compaiative Anatomy, p. 193.

Nervous system of the Earwig ( Forjicida auricuUtria ),

oesophageal ganglia. The first, or medulla, is

large and closely connected by very short crura

with the brain, there being only a narrow
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passage between tlia two for the (ssophagus.

Each segment of tlie thorax contains a ganglion,

the meta-thoracic one, which gives nerves to

the wings, being the largest. In the abdominal
portion of the cord, which extends as for as

the pcimltimate segment, there are six double

ganglia very distinct from each other. This is

exactly the number found by us in the same
portion of cord in the Corabida, although,

according to Ilurmeister, there are only live.

Tlius, then, in the Forjindida, in which tliere

is the most extensive motion of the segments

of the abdomen, there is the same number of
ganglia as in the Carubidie, in which most
of the abdominal segments are anchylosed

together and immovable, as in the Lamelli-

corncs, in which the whole of the cord is

situated within the region of the thorax. In
the oil-beetles, as in I'roscarubaus vulgaris,

tliere are as usual three thoracic ganglia, the

largest being the meta-thoracic, altliough the

proper wings, and scarcely even the elytra, do not

exist. In the abdominal region there are five

ganglia, but smaller than those of the thorax,

although it is stated by Uurmeister* that these

ganglia of the thorax are larger than those of
the abdomen when perfect organs of flight are

developed, but smaller when they are absent.

So far as our own observations have extended,

we have invariably found tlie thoracic ganglia

larger than the abdominal, whetlier organs

of flight exist or not, a condition that might
naturally be expected whether the ganglia be
connected with the production of nervous energy

in the parts, or be only the centres of sensation.

In the full-grown larva of this insect, of which
we have examined a considerable number, but

which at present appears to be scarcely if at all

known to naturalists, we have found twelve per-

fectly distinct sub-oesophageal ganglia. Ofthese

tlie fifth was the largest and separated from the

fourth only by a very short cora, as were also

the eleventh and twelfth, besides which the

twelfth was larger than the eleventh, and ap-

peared as if formed at an early period of two
approximated ganglia. Tliat in the earliest

state of this insect there are thirteen snb-
ffisophageal ganglia seems highly probable. On
watching the changes that take place it is found
that this double term inal gangl ion becomes uii ited

to the eleventh, and that a similar union takes

place between the fourtli, fifth, and sixth, so
that only five separate abdominal ganglia exist

in tlie perfect insect. In the Forftcula, which
does not undergo a perfect metamorphosis, a
similar change appears to take place at a much
earlier period, the terminal ganglion being dis-

tinctly formed of two masses, and the ganglion

of tlie meta-tliorax or wing-bearing segment of
three. A similar change appears also to occur
in the Staphylinida. in Crcopliilus maxillosui

(fig. 341), in which the alxloniinal segments are

as freely moveable as in the Earwig, but which
undergoes a more complete metamorphosis,
there are nine sub-cesophageal ganglia, only
the last three of which are abdominal, ilie last

five segments being entirely without ganglia.

• Op. ciu p. 281.

Tliere is exactly the same form and position of

the nervous system in the common s|>ecie8,

Gocrius olera. On comparinst these circum-

stances it is found that a much smaller number

of ganglia in general exists in those perfect

insects which have undergone a complete meta-

morphosis than in the larva state, and than in

those that scarcely change tlieir form. In the

Gtyllidic, Acrida viridissima (fig. 4 10), tliere is

Fig. 410.

ffervmu tyttem of Acrida viridUrima.

A, brain ; D, anteniue ; B, oplic ncrve« ; d. man-
dibular nerve ; e, auxiliary connecting nerve ;

a, nerve of prothoracic leg* ; >, of «econd pair

of Ices ; *, third pair ; n, tendon of flexor mus-

cle with its nerve accompanying it to it* insertion

at extremity of the femur j c, second head of the

•amc flexor muscle at the end of the tibia.

the same number of ganglia as in the Forficula,

and a similar difference in the size of the

thoracic ganglia. But in this insect there is

also a closer lateral approximation of the abdo-

minal cords, and a comparatively smaller size

and more elongated form of their ganglia,

evidently shewing a tendency to a more con-
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centratcd structure, although the cords still

remain more distinct from each other llian in

tlie higher forms ofColeoptera. In the Achctidic,

of which the Mole-cricket affords us an exam-
ple, as combining amazing strength and activity

with apparently highly developed instinct, there

is a more complete general form of tlie nervous

system than in the Acri'la. The ganglia of
the thorax are particularly large, but the ganglia

of the pro-thoracic segment, in which, and in

the enormous limbs, nearly the whole strength

of the insect, as we have before seen, is con-

centrated, does not equal in size the meta-

thoracic ganglion, which is nearly one-third

larger than either of the others, although the

wings unto which it is given, as well as to the

legs, are only of secondary importance as

organs of locomotion, and although a fifth and
much smaller ganglion is also attached to the

meta-thoracic. The cord of the thorax is also

large in proportion to the size of the ganglia.

In the abdomen the relative size of the cord

is less than in the Acridu, and there are only

three small oval ganglia in it besides the large

terminal one, so that the cord is extended
scarcely half way through the abdomen, and
yet the whole of the segments, and more
especially the posterior ones, are capable of

the most free and extensive motion. Thus,
then, although in these and other forms of
insects, particularly in the Hymenoptera, Lepi-
doptera, and Diptera, the ganglia are usually

aggregated together in certain segments, appa-
rently as a means of concentrating the energies

of the animal when one particular region of its

body is more actively employed than another,

the presence of ganglia in the different segments
is not more indispensable to the mobility than
to the sensibility of these parts to external im-
pressions, since the nerves that convey both
motion and sensation to them may be derived
from ganglia in distant segments, and yet the

freedom of motion be not less than when each
segment contains its own ganglion, and derives

its nerves immediately from it.

Tlie structure of the cords in the perfect

insect is almost as distinct as in the larva,

although the whole of the parts have become
more opaque and closely connected together.

In some instances it is more strongly marked
than in others after the cord has remained for

some time in spirits of wine, which is necessary

before an examination of its structure is

attempted. In many of the Coleoptera the

motor column is seen passing in almost a direct

line over the ganglia of the sensitive, but the

transverse nerves are less easily detected, and
in many instances appear to have become
united with the other structures. We have,

however, seen what we regard as such in the

Grt/llidir, and more distinctly in G ryllotalpa,

lying upon and above the motor column. In
some specimens we have not found them from
their being easily detached in those insects,

and, probably, removed during dissection. But
in these families we have always found the

motor column strongly marked, particularly

while passing over the ganglia of the thorax.

In the Carabida: (Jig. 411) the course of tlie

motor column (6) is distinctly indicated as it

passes over tlie surface of a ganglion («) by a

fig. 411.

A portion of the gangliated abdominal cord of Carabut
monilis,

a, a ganglion of the external or sensitive column ;

bf the upper or motor column; c, a gaugUoQ of

the transverse nerves.

longitudinal sulcus. Just as it is entering upon
and also as it is leaving the surface of the

ganglion, the motor column gives off a minute
branch to join with the large branch from the

ganglion of the sensitive column, and with it

form a compound nerve. At a part of the

cord corresponding to the anterior margin of
each ganglion, lying upon and attached to the

motor column on each side, is a minute gangli-

form mass (c), which we regard as the analogue

of the plexus of the transverse nerves. It is of

an obtusely angulated shape, and is attached

to the motor column by a minute filament from

its base on either side, and which passes out-

wards in the direction of the anterior pair of
nerves. From its upper part in the median
line extends another filament, the course of
which we have not been able to follow. In
Lucanus cervus the motor column is slightly

elevated while passing over the ganglia, and at

the antelior margin of each gives off a filament

to join with the nerve from tliat part of the

cord. We have sometimes observed attached

to the motor column, just as it had passed over

the meta-thoracic ganglion, on each side a
little gangliform mass, which may possibly be
part of a series of nerves like those on the cord

in the Carabus. In the aculeate Hymenoptera,
in which the ganglia of the thorax are large, the

motor column is readily observed, but in some
of theTerebrantia, as in the Turnip-fly, AtliaUa

centifoiue, when the cord is examined by a
strong light, the motor column is most distinctly

seen both on the ganglia of the thorax and
abdomen, and in this insect exhibits an appear-

ance which we have not observed in any other.

Tliis is a slight increase in the diameter of the

column when it has passed about half-way

over a ganglion, and a decrease to its original

size when leaving it. Two filaments appear to

be given off from the column to join the nerve

fiom the ganglion, one as usual at the anterior

margin of the ganglion, and the other, which
appears to be the analogue of the tran.sverse

nerves, united to the motor column when
about half-way over tlie ganglion. This en-

largement of the motor column is greatest

where it is passing over the thoracic ganglion,

but is best seen on the abdominal ones.

This fact has appeared particularly interesting
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to u«, as we have elsewhere remarked,* from
its seeming to be niiuluguus to similar enlarge-

ments on those parts of the spinal cord in man
and other vertebrata, from which proceed the

nerves to the arms and lower extremities of the

body, and corresponds to the apparent greater

necessity for accumulations of nervous matter at

those parts of tliecord. In Lepidoptera the cord

is less easily examined in the jierfect tliun in the

larva state owing to its increased opacity, but the

transverse nerves are not only distinct but have
been removed forwards and now pass off on
either side midway between the ganglia.

The brain and ilt tierves do not acquire their

full development until near the termination of

the pupa stale. The supra-tesophageal ganglia

(A) of the larva, which, for convenience of

description, we have called after Uurmeister
the cerebrum, are in reality the analogues of

the corpora quadrigemina, and the first sub-

cesophagcal of the medulla oblongata. Uur-
meister has designated this tlie cerebellum, but
of that pitrt of the brain in vertebrata we believe

there is no analogue in any of the invertebrata.

Instead of the cerebral mass being divided into

two ganglia, as in the larva, it has now
(Jig.i\2, A) acquired a compact form; it is

Fig. 413.

A, bram of Timarcha tenehrieo$a ; B, optic nerves;
C, origin of the gympathetic and the crura

;

B, the medulla oblongata ; 6, the vagus or
visceral nerve passing back from its ganglion

;

e, lateral nerves from the ganglion.

convex on its upper surface with a .slight

depression in the middle line, and concave on
its under, to adapt it to the form of the cesopha-

gus, across which it is placed. At its sides it

gives off the large optic nerves (13), which are

almost equal to it in diameter. They pass

directly outwards and are usually swollen mto
the form of an oblong ganglion, but are again

constrictcil before they arrive at the optic fora-

men, through which they pass and are imme-
diately ex()andcd into an immense number of

fine filaments for the complicated organ of

vision. There arc enlargmenls upon these

nerves at their base even in the larva state

(Jig. 405). From the most superior |X)rtion of

tlie cerebrum originate the nerves of tlie ocelli.

They vary in number from one to three, and

• Prize Kssay, p. 11.

are little pyramidal elevations situated on each
lobe, as seen in Acrida (fig. 410), posteriorly

to the autennal nerves (U). Hiey are each

covered by a dark choroid, and in other respects

are distinct nerves of vision. When three exist,

as in llymenoptera, the third is situated in tlie

middle line between the others, aod appears to

be derived in part from each lobe, so that in

this ocellus the vision of both sides of the biaio

is combined. In the \'eipail<z, however, accord-

ing to Uurmeister, the three ocelli originate

from a single foot-stalk, and not se|)arately, as

in the Apida. On its anterior surface the

cerebrum gives off the antennal nerves. Tliese

also, in many instances, have a ganglionic

enlargement at their base, as is well seen in

some of the Ichneumonidtc and other llymen-
optera, and as shown by Straus Durckheim
in Melolontha. The antennal nerves vary in

position, being sometimes near the middle line

and at others close to the base of the optic,

but in every instance anterior to them. At its

anterior and inferior surface the cerebrum pro-

duces the two remaining pairs of nerves. The
most external, the glosso-pharyngeal, unites

with its fellow of the opposite side to surround

the oesophagus, as in the lar\'a. It is seen very

distinctly in the pupa state (fig. 415, ./"^ of the

sphinx, and also in many perfect insects, as in

Acrida
(fig.

AlO). It supplies the under-sur-

face of the throat and part of the oesophagus,

and a small branch is also given from its base

to the sides of the mouth. At its inner side

originates the recurrent or vagut nerve, which,

after passing a little forwards, ascends and
forms Its ganglion on tlie upper surface of the

pharynx, and tlien passes backwards along the

oesophagus, as in the larva. In some insects,

as in Urthoptera, it originates from a portion

of the crura, as in Crustacea, but its course

and direction are always tlie same altliough

appearing to vary, as we shall presently show
when describing it as an organic nerve. The
sympathetic originates, as in tlie larva, from
the posterior part of the brain. One circum-

stance that particularly distinguishes the brain

from the other ganglia b its more uniform

opacity and greater softness, and disposition to

deliquesce when exposed for a short time to

the air. It is usually larger than most of the

other ganglia, excepting perhaps the meso-
thoracic. In llymenoptera it is larger than in

other insects, a curious circumstance this if it

may be supposed to have any reference to the

comparative instinct of different species. In

Diptera and Orthoptera it is also of great size.

We were once desirous of knowing whether it

contains any cavities or ventricles, but after the

most careful search we have been unable to

detect any. It is an almost homogeneous mass,

penetrated throughout its whole substance by
minute air-vessels, which ramify within it and
also in the substance of the optic nerve. This

is one of the circumstances that lead us to

susjiect, as formerly suggested by Dr. Kidd in

his anatomy of the Wole-cricket,* that tlie

course of the blood in the different structtires

• Phil. Trans. 1826.
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always accompanies that of tlie trachea. The
crura vary mucli in length in different species.

In Neuroptera, llynienoptera, Lepidoptera,

Diptera, and lionioptera tliey are short and
thick, and form with the medulla a thick collar,

through which the a'sophagus passes as a nanow
tube; but in the Ori/liklie (Jig. 410), and
more particularly in tlie Lucanida: (Jig. 41'3),

they are excessively elonRated, and they are

also of great length in the Timarclia. The
medulla oblongata varies much in size ; in some,
as in the Le])idoptera, it is as large as one of
the lobes of the cerebrum, while in others it is

scarcely thicker than the crura. It is always
largest where large nerves are required for the

parts of the mouth, which in all cases are

derived from it. In this respect there is a striking

analogy between it and the medulla oblongata
of vertebrata. The anterior pair of nerves from
this part are given to the labium and lingua,

while the two next pairs are given to the man-
dibles and maxilla. In the distribution of these

nerves there is great similitude to that of the

fifth pair in the higher animals. In the larva

state these nerves are always distinct from each
other, but in the perfect they are often united
at their base into one trunk. This is the case

in the Timarcha and Gryllldie. The anterior

pair is the largest in mandibulated insects,

and supplies the powerful mandibles, while
the posterior pair is given to the maxilla.-. The
union of these nerves at their base is interesting

from tlie circumstance that during manducalion
a consentaneous movement of these parts is

required, since, while tlie mandibles are em-
ployed in chewing, the maxillae are also em-
ployed in turning and assisting to pass the food
into the pharynx. In the Sphinx ligustri, and
other Lepidoptera, the chief portion of the man-
dibular nerve has disappeared in the perfect

state, in consequence of the atrophy which has
taken pl.ice in the mandibles during the trans-

formations ; but one branch of the nerve which
exists in the larva state appears to have become
approximated to the maxillary nerve, which is

now greatly elongated and given to the pro-
boscis, the representative of the maxills of
the larva. The branch that appears to have
belonged to the mandibular nerve is extended

along the concave or inner side of each half of
the proboscis, where the sense of taste may
justly be suspected to reside, and is traceable

very nearly to the extremity of the organ, where
the papillae we formerly noticed are situated,

and in the direction of which this nerve is

extended. From this we believe it to be
analogous in function to the gustatory portion

of the fifth nerve in vertebrata. In Lucunus
cervus the mandibular nerve is of great length,

and is so extensively developed as to afford

almost a proof of the elongation of nerves
during the metamorphoses of the insect. We
have traced this nerve from its origin (Jig.

413, cJ into the base of the mandible, which it

enters a little external to the insertion of the

flexor muscles, where it is divided into three

trunks, the inner one of which we have traced
very nearly as far as the apex of the mandible.
The other two are situated more externally.

Fig. 4i3.

Nervotu system of Lttcanus cervtu,

A, the brain ; B, optic nerves ; C, sympathetic ;

D» antenna! nerves ; o, ganglion of the vagus
nerve; b, the nerve; i, its division on the ce80-

phagus; d, nerve to the first pair of legs; f,
nerve to the wings, giving off at its base a small

nerve to the elytra; g, nerve to second pair of

legs ; k, to third pair ; I, abdomiual cord and
ganglia.
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The most posterior one is given to the muscles

within the head, and tlie other passes along the

outward part of the interior of the mandible to

its apex, 'llie medidlu ubtuiwala with the con-

tinuation of the nervous cord in all Coleoptera
'

passes under the bony arch or tentorium at the

base of the skull, protected on both sides, as

in Melulonthu,* Dyticus, and Ui/droia, by the

lumina poitcriures, which inclose it, as in a
canal, distinct from the (esophagus, that passes

along above it, and from which it is separated

by a fine fibrous membrane. The crura and
the base of the cerebrum rest upon and are

partly protected on each side by the lamina

tquamoM, which thus, as it were, form a kind

of internal skeleton for the protection of the

so(\ part. The optic nerves at their base rest

upon the lamina: in their course to the eye,

and extend as far outwards as the lamina

vrbitales through the foramen in which they

pass, and are immediately expanded into an

immense number of filaments which form part

of the organ of vision, as we shall presently

describe. Tlie whole of the cerebrum is loosely

covered by a fine transparent membrane that is

continuous witli the fibrous membrane that

covers the cord. In some instances, as in the

Bomhui terreslris, it is very distinct, and in

others, as shown by Burmeister, is studded

wi th m inute opaque rounded elevations, arranged

in the form of squares. It appears to be

reflected along the course of the optic nerves,

and to be continuous in part with the margins

of the lamina squamosa, and separates the

brain from the muscles, by which it is on almost

every side inclosed. In Lucanus cervus, instead

of the medulla passing under a simple arch

or tentorium, the laminae laterales are approxi-

mated and form a double ring (Jig. 308, J"),

through the inferior of which, as through the

ring of a vertebra, the nervous cord passes in

its course to the prothorax. In the Orthoptera,

as in Blatta Americana and Gri/Uotalpit, we
have seen the same structure, but in these the

ring is lengthened and forms a more distinct

canal. In the liymenoptera, as in tlie hornet

and humble-bee, the form of the part is exactly

the same, and the coi-d passes through a short

bony ring in its passage to the thorax. There

is a somewhat similar structure in Lepidoptera

as in Sphinx ligvstri, only that it is much less

complete, the arch being simply a bar extended

across the occipital foramen and dividing it

into two, through the lower one of which the

cord passes, and also on each side of it the

flexor muscles of the head. A like form exists

in the Horaoptera, but much less |)erfect.

The cord and nerves of the thora.i, which

are usually much larger than those of tlie

abdomen, we regard as the proper cerebro-

spinal system, and the abtlominal portion as

the caudal. Tliis is the view taken of these

parts by Burmeister, with whose opinion we
prfectly coincide. Tlie prothoracic ganglion

IS situated immediately before the ante-fureu,

between which the cord passes to the raeta-

thorax, when it forms a great ganglion anterior

* Strkus, CoDsiderat. &c.

to and beneatli the medlfurca, and then passes
onwards over Uie post-furca to tlie abdomen.
In the Lamellicornes and others in which the
cord terminates in the thorax, and the nerves
radiate from thence into the abdomen as a
Cauda eijuma, they pass over the |)ost-furca in a
bundle, and do not separate until they enter
the latter region. In tlie Gryllidx, in which
most of the segments are equally develoiied, and
there are three large thoracic ganglia, tlie nieta-

thoracic one is situated in the middle of the
segment, and the succeeding or fourth sub-
oesophageal ganglion on the rudimentary post-

furca. In the liymenoptera, in which tliere

are but two ganglia in the tliorax, tlie anterior

and smaller one is situated at the margin of the

metathorax, and the great ganglion at the
posterior, and the cord continued from it passes
through a strong bony canal or ring in the

raedifurca, somewhat resembling that which
exists in the head, and then forms a smaller
ganelion before it enters the abdomen. la
the llemiptera, in which it has been supposed
that there is only one ganglion in the thoracic

region, the cord between the medulla and pro-
thoracic ganglion is exceedingly short, but is

protected in its passage through the elongated
neck, and then is develo[)ed into a large pro-

thoracic ganglion, the second ganglion being
situated in the middle of the meso-thorax before

the raedifurca. These parts are very distinct

in Nepa grandis. In the Lepidoptera, in which
the form of the thorax is more compact even
than in the liymenoptera, the cord passes on
each side of the medifurca or part to which
the triangular muscles are attached, and is so
much enlarged as to appear almost like a por-
tion or continuation of each of the two great

ganglia situated before and behind it. The
cords and ganglia of the thorax are covered in

by a strong white membrane like those of the
head. In the Lepidoptera this is (xulicularly

firm, so that the nervous system is not included
within tlie cavity of the thorax.

In the distribution of the nerves there are
some peculiarities. We have seen the auxil-
lury connecting nerves of Burmeister, as shown
by us formerly in the larva of the Sphinx*

(fig. 406), in many species. They exist be-
tween the cord and all the ganglia of the
thorax in the Gri/lUda (Jig. 410, e, h,) and
between the cord and the nerves to the wings
in Athalia centij'olia and Panorpa communis.
We have seen them also in Oiceoptoma, Pro-
scarubaus, Creophilus, Lampyris, Forjicula,

Blatta, and even in an imperfect form in

(Kstrus, as well as in some of the Lepidoptera.

They are invariably connected with the nerves

to the wings, of which they form one portion,

and are far more frequently met with than
Burmeister appears to have supposed. We
formerlyt remarked on a peculiarity in the dis-

tribution of the thoracic nerves in the Sphinx,
and the opinion then ventured with regard to

its nature we have since had reason to believe

was well founded. We have seen the auxiliary

• Phil. Truu. 1832, part ii. p. 387-8.

t Phil. Ttuu. 1834, put U. p. 394.
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connecting nerres in Uie larva forming one por-
tion of tlie nerves for tlie future wing of tlie per-

fect insect. Tlie nerves for both pairs of wings
are tlien derived separately from two portions of
cord and two distinct ganglia, and this is the

state in which they are also found soon after

the insect has changed to a pupa (fig. 414).

PufM of Sphinx liguslri. (Newport, Phil Traru.)

The connecting nerves are then derived from

the cord (e, A), and being joined each to the

first nerve from the next ganglion assist to form

the future alary nerves (f, i). Now as the

change to the perfect insect proceeds, the second

ganglion (2) becomes approximated to the third

(5), which gradually disappears, and the cord

between it and the fourth becomes enlarged

and shortened, and passes on each side of the

insertion of the muscles in the centre of the

meso-thorax, the cord between the second and

third ganglion having also become obliterated,

so that there is then no ganglion intervening

between the origins of the two pairs of wings,

but only a portion of cord. The nerves for the

two pairs of wings then approach each other

diagonally, the anterior pair being directed

backwards, and the posterior forwards, until

they meet and form a plexus, their roots still

continuing distinct from each other; the root

of the anterior being derived from the cord

posterior to the united second and third gan-

glia, and that of the posterior from the cord

connected with the united fourth and fifth gan-

glia. After forming the plexus, the nerves are

again separated and given to the anterior and

posterior wings. The reason for this curious

union and complexity in the distribution of the

nerves to the wings is not at first very evident,

but on a little reflexion it is found to be regu-

lated by one of those beautiful provisions in

the animal economy by which the most perfect

harmony in the exercise of all the functions of

the body is preserved. The wings, the most

powerful and most constantly employed organs,

are not merely required to act with energy, but

in the most perfect unison with each other,

more especially in insects of long-continued

or rapid flight, and hence must be supplied

with power from tlie same centre, not merely

that of voluntary motion but also of sensation.

That this is the reason for this curious union of

the nerves for the wings seems apparent from

the circumstance that it exists in very many
tetrapterous insects of rapid or powerful flight,

as in the Apidic and Ichneumonidte, while in

others, even of the same order, as in Athalia

cenlifolite, which is well known to fly heavily

and but a short distance, there is no such com-
bination. In the Scorpion-fly also, Panorpa

commurus, it is absent, and the alary nerves

originate by double roots without forming

a plexus as in the larva of the Sphinx, while

the flight of the insect is sluggish and but of

short duration. Besides this it may be re-

marked that in many Coleoptera in which the

anterior wings or elytra are merely elevated and

nearly motionless during flight, the nerves are

derived separately from the cord, and proceed

to their destination without being first com-
bined in a plexus.

The cord and nerves of the abdomen, as before

stated, we regard merely as a cauda equina.

We have before explained the varieties in the

formation of the cord in different insects, and

need but further remark that in each instance

the cord in the abdomen, as in other parts, is

covered in by a strong fibrous membrane, which

separates it from the cavity of the abdomen.

In the GryllidiE we have distinctly recognised

muscular fibres running transversely above the

cord from one side of the body to the other.

They have also been observed by Burmeister,who
supposes them to assist in the function of respi-

ration by contracting the segments, and thus

aiding in the act of expiration. We have seen

similar trans-muscles lying above the mem-
brane that binds down the nervous cord in the

abdomen of Bombus terrestris. The mem-
brane is continuous with that which covers the

cord in the thorax. A similar membrane was

formerly noticed by Lyonet in the Cossus,*

and subsequently by ourselves in the Sphinx.f

Between this membrane and the cord there is a

* Rechcrches sur I'Anatomie ct Ics Metamor-

phoses des diffcrentes Especes d'lnsectes, ouvragc

posthumc de Pierre Iiyooet. Paris, 1832, fig. 18,

p. 52.

t Phil. Trans. 1834, part ii. p. 395, pi. xiv.

fig. 9.
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vessel which we regard as connecteJ with the
circulatory system, as we shall hereafter show.
As nerves of orgmtic function, we have now

to consider those whicli are especially given to

the different internal organs, and not to the
voluntary n)uscles. Having already considered
the tiaiisverse nerves, which are distributed so

especially to the respiratory organs, as nerves of

mixed character, those which we regard more
especially un<ler the above designation are the

ti/mpnlhttic and the vugu» or visceral nerves.

The sifmpathetic, or anteriin- lateral ganglia

(fig. 415, C), are situated two on each side of

tile (esophagus beliiud the brain, aud anterior

Fig. 415.

A, brain

nerves

Brain and tiervet of the head andfiril tegmeni of a pupa of ^>hi$ue Uguttri.

.in -, B, optic nerves ; C, antciior lateral or lympatlietir ganglia ; D, anlennal

s ; E, frontal ganglion of the recurrent or vagus nerve, (iftwport, PhU. Tram.)

to the great muscles of the oesophagus and pha-

rynx. They are of considerable size, being

each about one-third as large as one-half of the

cerebrum, and they are connected with most of

the other nerves in the head. Thus, besides

their connexions («) with the brain, one nerve

passes forwards beneath the optic nerves, and
joins with a minute tilament from the nerve to

the antenna, (g,) and also with one to the

mandibles, while another passing across the

cesophagus is united with the main trunk of the

visceral or vagus nerve (e), as it passes along

to the stomach, and another branch joins with

the tirst set of transverse nerves (A), while other

filaments passing outwards are distributed to

the muscles of the cesophagus and i)harynx.

This latter fact, which we have most distinctly

ascert.:ined in Melue cicatricosus, a large species

well adapted both for an examination of this

and of the visceral nerve, is particularly inte-

resting from the circumstance that, after the

most careful examination, we could not find

any other nerve given to those muscles (Jig.

4 1 6, C). We have observed a similar distri-

bution to the muscles of the cesophagus in Lu-
camis, and also in the Sphinx, so that from their

connexions we may justly conclude these gan-

glia to constitute at least a portion of the true

sympathetic system. From their relative situ-

ation tliey appear to be analogous to the supe-

rior cervical ganglia of the sympathetic in \ er-

tebrata. It is, however, an interesting f<tct, as

noticed by Bnrmeistcr,* that these ganglia ap-
pear to be largest in some of those insects in

which the recurrent nerve which we have de-*

scribed as the vagus is least developed. Tlius,

as shown by MuUer, Brandt, and Burmeister,

these ganglia of the sympathetic system have
a large size in the Orthoptera. and, instead of
being traceable scarcely beyond the region of
the head, send off one or two branches which
run along the sides of the oesophagus to a great

distance, while the recurrent or vagus nerve,

after uniting with these ganglia behind the

brain, appears to terminate or be lost in the

nerves that originate from them. In Gri/Uut
migratorim, Burmcister has shownf that after

the recurrent nerve has formed a minute gan-
glion just behind the brain, and united with

the first of these sympathetic ganglia, it ap-
pears to terminate, while the same ganglion

sends off posteriorly two branches, which ran
along the upper surface of the cesophagus, where
the external one forms a small ganglion, and
that the second, or most external of diese ante-

rior lateral ganglia, also sends a large nerve

backwards, at the side of the (esophagus, as far

as the crop, where it forms a ganglion and
sends off nerves, and at the hinder part of the

crop a second ganglion, fitim which nerves are

given to the ccecal appendages of the alimeu-

' Op. cit

t Id. pi.

cit. p. 3
xxai. fig. 6.
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tary canal. MuUer* had previously sliewn a
similar arrangement of lliese ganglia in Gri/lUt-

talpa vulgaris, and Urandtf has since further

elucidated the distrihution of these structures

in tlie same insects. We liave ourselves re-

cently found a somewhat similar distribution of
these nerves in one of the Coleoptera, Bupres-
tis chrj/six, in which the first of tlie anterior

lateral ganglia, on each side, besides its con-
nexion with the brain, gives off three distinct

nerves, one of which passes outwards to the

muscles of the oBsopliagiis and pliarynx, and
another inwards to unite with the great ti-unk

of the recurrent nerve, while the third passes

backwards for a sliort distance, and then forms
the second of the lateral ganglia, from wliich,

in like manner also, proceed three other nerves.

The first of these passes outwards to the sides

of the oesophagus, and the second inwards to

join a large ganglion formed at the extremity

of the recurrent nerve, while the third branch
is of considerable lengtli and traceable for a
great distance along the sides of the ccsophagus.

From the ganglion at tlie termination of the

recurrent nerve, and which most certjiinly be-
longs to this trunk, are also given off two nerves,

which are soon again divided, and distributed

along the posterior part of the tesophagus.

From these connexions, and the relative size

of the parts, it still appears to us that although
the sympatlietic and recurrent nerves are most
intimately connected, and appear in certain

instances almost to supply the place of each
other, there is reason for still considering them
as distinct, and for describing the latter, as we
formerly designated it,J as the vagtis.

The vagus, or visceral nerve of Professor

Miiller, after arising, as in the larva, from the

anterior part of the base of the cerebrum, and
forming a ganglion on the upper surface of the

pharynx, always passes backwards beneath the
brain, along the middle line of the oesophagus.

We shall first describe its course in Lepidopte-
rous insects, and point out what we conceive to

be its analogies to the vagus of vertebrata. In
the Sphinx it originates in the perfect insect, as

in the larva, from the lowest part of the anterior

surface of the brain by two roots, one on each
side, which we regard as analogous to the two
i-agi in the higher animals. Each root gives off

from its base a small branch to the sides of the

mouth, after which the two roots ascend, and
meeting above the pharynx, form the frontal

ganglion, from the anterior surface of which a
few nerves are given to the mouth and palate,

and also to the bifurcation of the dorsal vessel,

which, after having passed along the oesopha-

gus and beneath the brain, is divided in front of
the brain into several branches. Tlie frontal

ganglion at the junction of these roots of the

vagus we regard as analogous to the enlarge-

ment on the vagus nerve in vertebrata after it

has passed out of the skull by the foramen la-

cerum posterius. From the ganglion thus

formed by the approximation of tlie two roots,

a single trunk passes backwards along the me-

' Nova Acta Curi is. Nat. vol. xiv.

t Annal. des Sciences Natiir. torn. v.

t Phil. Trans. 1832,

diaii line, lying upon the oesophagus and be-

neath the dorsal vessel, and giving to both se-

veral blanches in its course. When arrived at

the dilatation of the oesophagus, the air-bag or

crop, it first distributes a few filaments to that

part, and then divides into two primary

branches, which run along the sides of the

stomach, and are again subdivided and distri-

buted to it. Behind the brain, the vagus in the

Sphinx receives but one branch of communica-
tion on each side from the sympathetic ganglia,

which connexions appear to be analogous to

those between the vagus and sympatlietic in

vertebrata. In passing along the median line

of the oesophagus, the single vagus in insects

is in close relation with the anterior or aortal

portion of the dorsal vessel, which may repre-

sent the two carotids of the higher animals

united, and thus its relation to tliese parts is

also precisely similar to that of the vagus, caro-

tids, and oesophagus in these animals. There is

a like analogy in its distribution to the anterior

part of the stomach, beyond the middle portion

of which it has never yet been traced. At its

point of division the single vagus nerve often

forms a very distinct ganglion, as in the Meliie

(Jig- 416, i). This is the usual distribution in

a large majority of insects, more particularly

in the Lepidoptera, Coleoptera, Neuroptera,

Tig. 416.

Brain and vagus nerve of Metoe cicatrkonts.

Hymenoptera, and in many of the Orthoptera.

In Lucanus cervus (Jig. 417), the nerve, conti-

nued backwards from the frontal ganglia (a), is

of large size until after it has passed beneath the

brain, and given off a minute branch on each

side to the dorsal vessel and oesophagus, after

which it becomes on a sudden much smaller,

and forms a second small ganglion, (e,) which
is connected on each side by a single

branch with the sympathetic ganglia (C,) which
have assumed an elongated form, and are

greatly enlarged. After this the vagus nerve

is continued as a single trunk, (6,) until it
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has jiasscd half-way along the tBSOphaRus,

(jig. 428, II,) when it divides into two branches,

whicli pass on eacli side of the cesophagus as far

as the gizzard, (i,) where each forms a very

minute ganglion, from wliicli are given a few

filumcnts to the substance of the gizzard.

fi^. 417.

of which we Imvc not yet traced, but which

probiibly is a comitound nerve ; it appears to be

formed in part by the ganglion, (e,) and jrartly by

a portion of the cerebrum, which is united to it.

Ji^.418.

Bram, agmpathetic ganglia, and rwfvt nerve of
Lucamu ctrvua.

Each nerve thus jiasses on to the stomach, (k,)

and we have succeeded in tracing it about half-way

along that organ, when it can be followed no far-

ther, being lost by minute subdivisions. Ascon-
nected also with the vagus nerve both in func-

tion and by analogy of distribution, is the nerve

which we noticed so particularly in the larva,

the glosso-pharyngeal, (fig. 418, F,) which is

remarkably distinct in Lucanut, and as in the

larva gives branches to the under-suriace of the

(esophagus. It is remarkable, also, tliat in this

insect each root of the vagus arises from a

ganglion on each side, situated below the cere-

bral lobes, but closely connected to Oiem, and

from which ganglion the anteniial nerves (d) ori-

ginate, and a third nerve, which is directed

backwards among the muscles, but the course

Under-mirface of inin, Ife. oftueaMu eemu.

The form which the frontal ganglion usually

assumes is nearly triangular, but in some in-

stances, as in Carabus monilis, it is elongated,

oval, lying transversely across the pharynx, but

in almost all the insects we have examined, ex-

ceptuig the hupratida and some of the Or-

thoplera both in the larva and pupa state, as

in Timartha, Metiie, Anthoplioru, and liomhia,

whatever be its form, tlie single nerve contmued

from it has more resembled in its distributions

and relations the vagus than the sympathetic.

These are the reasons for our continuing to de-

scribe it as the former rather than as the latter

of these nerves. The fact, however, of its dis-

position to form ganglia in its course appears,

indeed, as observed by Professor Midler,* to

assimilate it most in character with tlic symjpo-

thetic ; but we conceive tliis fact to be satisrac-

torily explained by the anatomy of these nerves

in Buprestis, in which the middle or recurrent

nerve, although exceedingly short, is very

large, and is terminated by a ganglion, as in

the Cryllida, and from which, in Buprestis,

two small nerves are continued along the {eso-

phagus, while the corresponding nerves in

Giyllui have become approximated to those

from the lateral ganglia, and assist to form the

long gangliated nerve at the side of the oesopha-

gus. Tlie functions of the vagus and sympa-

thetic in insects would thus appear to be nearlv

similar, and tliat, as is someUmes the case with

these nerves in vertebrata, as we have seen, for

example, in the neck of the calf, the two become

alien closely approximated together, as noticed

also by Professor Muller, in the Myxinoid

Fishes, in which the vagus and sympathetic

form only one nerve, the chief portion of which

is the vagus, and which is extended to the anus.

• MUUcrV Archiv, No. v. 1837, Jahresbrtiht, p.

Ixxxv.to viii.
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Organs of vision.—^The eyes of Insects are of
two kinds, simple ami compound, and Iiave

been attentively examined by I'rofessor Miiller,

Straus Dnrckheim, Du^'es, and others, from

whose admirable investitjations we shall cliieHy

derive the followmg description. The large

convex cornea; which cover the external surface

of the head are divided, as we have seen, into

an immense number of facets, generally of an
hexagonal shape, or in very rare instances

somewhat quadrangular. Each facet, (fig.

419, B,) or as it has sometimes been called,

comeule, is the proper cornea of a distinct eye,

and is perfectly transparent. It is somewhat
broader at its base or external surface (d, c)

Pig. 419.

A, section of the eye of Melolontha (Straus).
B, section of eye of Libellula (Miiller). C, sec-

tion of tlo. (IJuges). 6, the external convex
surfaces of the facet or cornetilc c, c, c; d, base
of the corneules ; a, the anterior chamber be-
tween the corneulc and iris j e, pupillary aper-
ture in the iris, formed by the reflexion inwards of
the choroid

; /, the cones filled with the vitreous
humour; g, the nerve ; /», the choroid surround-
ing the fibres of the optic nerve.

tlian at its internal, ((/,) and each one is separated

from those by which it is surrounded bythe inter-

position of a layer of dark-coloured pigment, so

that the rays of light can pass through it only in a

direction converging to its centre. In some in-

stances, as in Lepidoptera, it is convex both on
its external and internal surface, or lens-like,

but in general is nearly plane. In the Libellu-
lina, according to Duges, (c,) it is convex exter-

nally, and slightly concave internally, and it va-
ries considerably in thickness in different in-

sects, and in different facets in the same
compound cornea. Immediately behind each

comeule is a layer of dark-coloured pigment,

(A,) which is believed to be continuous with the

delicate pigment that is interposed between the

corneae. It covers the whole of the inner surface

of the cornea, excepting only in the centre,

where it is perforated by a minute hole or pupil-

lary aperture, (c,) to admit the rays of light that

have passed througii the cornea. Between this

pigment, which is the curtain or iris of the eye,

and the end of tlie cornea, Duges found a
space, («,) filled with an aqueous humour. Be-
hind the iris of each cornea is a little cone-

shaped tiansparent body, (/",) with its aj>ex

directed backwards in the axis of the eye. It is

filled with a perfectly transparent tenaceous

fluid, the vitreous humour ofthe eye,into which
the rays of light received through the cornea

and iris are admitted, to fall upon the retina,

or termination of the nerve, (g,) at the apex of
the cone. The length of the cone differs greatly

in different insects. It is shortest in the Dip-
tera, and scarcely exceeds its breadth. In the

Coleoptera and Lepidoptera it is five or six

times longer than it is broad, and perhaps even
exceeds this in some of the Libellulina. The
apex of each cone is received upon the extremity

of one of the many thousand of fibres (g)
which we described as radiating from the bulb
of the nerve, immediately after it has passed

through the optic foramen. The choroid of
dark pigment that forms the iris (A) is conti-

nued backwards over the surface of the cone
and optic fibre lo the bulb of the optic nerve,

thus completely insulating every individual

cone and fibre fiom those by which they are

surrounded. It is in the spaces thus occupied
by the choroid that the tracheal vessels and cir-

culatory passages ramify, so that the choroid in

the eyes of insects, as in those of the verte-

brata, is the proper vascular structure of the

organ. It is subject to much variety of colour
in different insects, being in some nearly black,

in others dark blue, violet, green, purple,

brown, or yellow. In some there are two or

three layers of pigment of different colours.

The usual arrangement of these is first a dark
coloured portion near the bulb of the optic

nerve, then a lighter colour, and lastly, again, a
darker near the cornea;. According to Duges,
the base of the cone is rounded where it is co-

vered by the iris, but Miiller states that this is

the case only when the cornea is devoid of
facets or corneules, and is perfectly smooth.
According to the same authority, the pupillary

aperture is most distinct when the cones are

short,as in Diptera. This a(X2rture was disco-

vered by Miiller, and also the nature of the

cones, which had been thought by Straus-

Durckheim to be expanded terminations of the
optic fibres. We have seen the iris and pu-
pillary aperture very distinctly in the eye of
Pontia brasaicd, the white cabbage butterfly,

and also in Sphinx ligustri and Ncpa grandis.

In the two latter instances it is of a dark brown,
or nearly black, and is particularly large in

Nepa. In Pontia it is yellow, in the centre
of which the pupil exhibits a glassy brightness.

The manner in which the extremity of the ner-
vous fibre is connected with the apex of the

cone has recently been investigated by Professor
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Wagner, who lias found tliat tlie fibre is pro-

longed as a slieatli over llie sides of ihe cone, of

wliicli it is su|>[)Osed to funn a part. In tliis

manner, eacli of the thousands of conieiiles or

facets tliat form tbe compound eye, transmits

impressions from without inwards to tlit optic

nerve and brain, llie |^rception of eacli being

C'onfimid to that of the object immediately

before it, or in a line with its axis of vision.

On the exterior surface, between each cornea,

there are often some very fine hairs, as on tlie

cornea of the bee, which Uurmeister liloens to

eyelashes, and tliinks that they assist to con-

fine the field of vision, as well as protect the

cornea. ITiis is the usual structure of the eye.

In Jllflolontlw, Straus-Uuroklteiin describes

the filament of the optic nerve as passing

tlirotigh a second or cumviim choroid, and as

afterwards uniting to form a general retina,

which is connected with the optic nerve by
means of short thick columns. The use he
assigns to tliis structure is that of intercepting

the impressions of light, which might otherwise

be too powerful.

The ocelli, or simple eyes of insects, re-

semble tliose of Arachnidans,* in being

formed of a very convex, smooth, single cornea,

beneath which is a spherical crystalline lens,

resting upon the plano-convex surface of

the expanded vitreous humour, the analogue

of the tians])arent cones of the compound eyes.

Hie vitreous humour, as in Arachnidans, is

more convex on its posterior or under surface,

and is contained in the expanded retina at the

termination of the optic tubercle, upon which

each ocellus is situated, the exterior surface of

the retina being covered by a dark pigmentous

membrane, the proper choroid, which is re-

flected inwards ujxjn the anterior jxirtion of the

vitreous humour, to form the iris and pupillary

aperture. Wiiller, who discovered this struc-

ture in the stemmata of insects as well as

Arachnidans, concludes that the function of

the simple eyes is confined exclusively to the

perception of near objects, and that of the

com|x>uijd eyes to more distant ones, and has

given many facts in illustration of this opinion,

and which shew that in many instances, parti-

cularly in the Orthoptera, the ocelli are so

placed as to render it almost im[K)Ssible that

they can be used except in viewing near ob-

jects. In all insects tliat undergo a true me-
tamorphosis ocelli constitute the only organs

of vision in the larva state. They vary in

number in difi'erent species; thus in the active

larva of Ilymenoplera, as in Athalia, there are

only two, one on each side of the head ; this is

also the number in some of the carnivorous

Coleoptera. But in otliei-s there are six on
each side, as in Dyticus, and the same number
is found in most of the Lepidoptera. We have
recently detected what we believe to be organs

of vision in a Dipterous larva, (Kslrus wis, (Jig.

360,) which resides in the frontal sinuses of tKe

sheep, into which, probably, a small amount of

light may enter through the nostrils. These
consist of two brown S|)Ots on each side of the

* Sce.ARACllNIOA, vol. i. fig. 94.

VOL. II.

head, (A 3,) placed at a little distance from each

other, immediately beneath a convex and very

trans|)arent [xirt of the tegument, which resem-

bles a true cornea. This is the most simple

form of eye wc have yet met with in insects,

and seems to be merely for the perception of

light, like the eyes of the Medusa discovered

by Khrenberg, but perhaps more organized, as

the spots observed a}>pear to be a choroid,

which is seen to descend until it is lost in the

substance of the part. No compound eyes

exist in any larva that underi;oes a complete

metamor|>hosis. In those which undergo an

incomplete one, as in the Orthoptera, the

facets of the eye are larger and more convex

than in the perfect state, and the true ocelli

which exist in the perfect state are not deve-

lo])ed. In tlie larva and pupa of Reduvius

pcrsunatut there is an aggregation of simple

eyes, like those of Myriapoda, very much
larger and more convex than the feeds of the

compound eye of the perfect insect. Simple

eyes exist in the perfect stale in the Ilymenop-

lera, Orthoptera, tlemiptera, Neuroplera, Tri-

choptera, Ilumoptera, and in some of the Lepi-

doptera and Ilomaloptera, and in a very few

instances in the Coleoptera.

Organ of hearing.—Every naturalist who has

at all attended to the consideration of the faculty

of hearing in insects, is doubtless convinced

that these little creatures are not merely affected

by sounds, but that hearing constitutes one of

their chief senses; yet it is hitherto undecided

what organ or part of the animal is the seat of

thisfunction. Wehaveabove stated ouropinion,

(p. 892,) with many others, that it resides in the

antennte, which, if this be not confirmed, is at

any rate supported by the experiments hitherto

made ui)on these organs, and also by llieir

sti-ucture and the manner in which they are

employed by the insect. The nerves distributed

to the antenna; have often a ganglion at their

base, and are divided into many branches almost

immediately after they have entered the or>:aii,

so that at present no difl'erence has been detected

between the distribution of the nerves to these

parts and those to other structures. They cer-

tainly exhibit no bulbed extremity like the audi-

tory nerves of the higher animals, while the

manner in which the antenna: are employed

by many insects has induced some obseners to

believe that they are simply organs of touch.

This cannot be their primary function, since, as

formerly remarked, they are too short to be

employed as tactile organs by many in.secls,

while their structure, we conceive, is in every

instance adapted for hearing or perceiving the

pulsations of the atmosphere.

Orgaits of touch.—The organs which appear

specially adapted to the exercise of this function

are the yxiZ/ii, which derive their nerves, as

above shown, from the medulla oblongata.

These organs are employed in a similar manner
by all insects to touch the food. It is with

these that the insect, as it viete, feels about

when it is in search of nourishment, and hence

these may be regarded as the proper tactile

organs. It has sometimes been supposed that

they are also concerned in the function of taste,

3 B
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but this opinion is not l)orjie out by tlii; pliysi-

cal'coiiditioii of these jiarts, which, in almost

every instance, is unadapted for such purpose,

heins; covered by ahard bony exterior. In some
insUmces tlieextiemitit'soflhe palpi are covered

with a soft bulb-like extremity, while in many
others which are known to ])erceive the quality of

food very quickly, they yet have the extremities

of the part covered with a hard imjierforate

structure.

As to the seat of the organ of smell we are

quite as ignorant of it ;is of that of taste. Cuvier

and some others have imagined that the faculty

of smelling resides in the mucous lining of the

spiracles at the sides of the body, but ex-

periment has still left the question undecided.

From the few observations we have been able

to make on this subject we certainly have

been led to conclude that it is confined to

some part of the head, and not seated at the

different spiracles.

T/ic development of the brain and nervous

cord during the metamorphoses exhibits some
of the most curious alterations of form that

take place in any sirncture. These changes

were first traced by Ilerold in the great

cabbage-bultertly, Pontia lirassica, and s\ib-

sequenlly by the writer of the present article

in the privet hawk-moth, Sphinx ligmlri*

and also in the nettle-butterfly, Vanessa urtiae.

We have seen from the foregoing details, that

during the last period of the larva state, at

which time the insect has been most frequently

examined, certain changes of form have al-

ready taken place in different parts of the

cord, so that these changes of structure, which
at first appear to be effected so rapidly at a
certain jicriod, have been for a long time in

])rogiess. We have seen that, besides the la-

teral approximation of the cords, the first

change consists in an union of the eleventh and
twelfdi ganglia, the latter one being carried

forwards ; and that, although a complete co-

alescence of these has sometimes taken place so

early as a day or two before the cateriiillar casts

its last skin, yet even at that period the cere-

bral ganglia have scarcely become united above
the oesophagus. At a still earlier ])eriod, when
the larva has not yet cast its third skin, we have
found the eleventh ganglia perfectly distinct

from the twelfth, with a small intervening por-

tion of cord, and the cerebral ganglia scarcely

touching each other above the a'sopliagus, and
the distance, or extent of cord, between the

fourth and fifth ganglia much greater than at

the subsecjuent period when the insect is pre-

paring to change into the y)upa state.

We had commenced our observations on
the.se changes in tlie nervous system on the

larva and pupa of the Sphinx, when it apjjeared

desirable also for various reasons to make
similar observations on an insect in which
these changes were commenced and completed
within a short and known period, and for that

purpose selected tlie commonest of our native

insects, the nettle-butterfly, Vanessa wticte,

which undergoes its changes within fourteen
days. Tlie Sphinx remains in the puja state

* PhU. Trans, pt. 2. 1832. 1834.

during tlie whole winter, by which we are

enabled to compare the samo changes in an

insect in which they have taken place slowly

with those in another in which they have been

completed more rapidly, and the extent of

development at the completion of both is in-

variably found to be the same. In order to

observe these changes correctly, a large number
of the caterpillars was collected at the period

when they have ceased to feed, and are about

to suspend themselves to undergo their tr.uis-

formation, and the moment was carefully

watched both when they suspended them-
selves preparatory to undergoing their meta-

morphoses, and also when they were in the act

of assuming the pupa slate. By these means
a sufficient number of specimens was obtained,

and their periods of transformation accurately

known. Previously to commencing these ob-

servations on the nettle-butterfly, we had noticed

in the pupa of the Sphinx a very singular ap-

pearance at the base of each optic nerve, which
on close inspection was found to be a dark-

coloured membrane of an ovate form, from
which is developed the choroid of the future

eye. The existence of this spot is exceedingly

interesting as illustrating the manner in whicti

the complicated organ of vision in the perfect

insect is developed. This spot, which at first

appears like a dark gelatiniform deposit, con-

sists of five black tubercular elevations, having

the appearance of so many parts of a corru-

gated membrane, and exists before the larva

has changed into a pupa. We have never found

it absent in any insect that is about to change,

but have not observed it until the insect has

ceased to feed.

Two hours after the larva of Vanessa urtica:

has suspended itself to undergo its transform-

ation, and in which state it remains fiom six to

eight, ten, or even twenty-four hours, according

to the strength of the individual and. other cir-

cumstances, before it throws off its last larva

skin a considerable alteration has already taken

place in the body of the larva ; the cerebral

lobes are still distinct from each other, but are a
little altered in form, although not yet enlarged.

When viewed from above they exhibit a pesir-

shaped appearance, the anterior jiart of the

lateral surface of each being elongated to give

origin to the antennal and optic nerves. At
the base of the latter, even at this early period,

the dark rudimentary choroid is very distinct.

Tlie sub-cEsophageal ganglion is enlarged to

nearly twice its original size, and the crura are

much enlarged and shortened, as well as the

cords that connect the second, third, fourth, and
fifth ganglia. The last two are separated only
by a short interval. The fifth, sixth, and seventli

ganglia are drawn closer together, the cords
between them disposed in an irregular ziz-zag

manner, and the longitudinal direction of the

ganglia is in consequence altered. The ganglia

from the seventh to the terminal one remain as

in the active larva.

By imremittingly watching a number of
larva; through all their preparatory stages, we
are enabled to judge witiiiii a very short period

when the transformation will t;ij(e place. A
lillle while before the old skin is thrown off"
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Htilf-an-fwutr

befffre

cfumging.

Immeiluitflp

after ctunu/mg

to a pujM,

Fvil-grown
tarva. (Newport, Ph. Tnau.)

there is great excitement throughout the body of

the insect. About half-an-hour (Tig. 419, 2)

before this occurs the alary nerves and the

cerebral, second, third, fourth, and fifth ganglia

are slightly enlarged, and the medulla or first

sub-a>sophageal ganglion very considerably. The
cords tliat extend between them diverge much
from each other, while those between the fifth,

sixth,and seventh ganglia, are disposed in a more
zig-zag direction than in other parts of the body.

Immaliatcl;/ after the insect has entered the

pupa state (3), all the ganglia are brought

closer together in consequence of the cords

being disposed more irregularly than at any
other period, which has been occasioned by tlie

shortening that has taken place in every seg-

ment, by which the cords are rendered too long

to lie in a direct line. Tlie cords which con-

nect the first five ganglia are slightly increased

in size, and the fourth and fiftli and their inter-

vening cords, in which the first great changes

commence, are often nearer together, and have

become more united at this period of the trans-

formation, in some specimens, than in others

at five or six hours later. This is in accord-

ance with what we have observed in the Sphinx

ligtistri, in which the precise period when the

union of ganglia takes place cannot positively

be ascertained in consequence of its differing

in different specimens according to the vigour

of the insect, or to the temperature of the

season at the time of changing.

One hour after (fg. 421, 4) the transforin-

Oiuhairofitr ImoIm Aoam, Eighteen hann.
changing.

ation the cerebral ganglia are found to be more
closely united, the antennal nerves more dis-

tinct, and the optic nerves more enlarged at

their base. The fourth and fifUi ganglia are

approaching each other, and the cords are en-
larged at their connexion with the latter, the

anterior part of which has become less dis-

tinct, and seems about to coalesce with them.
The distance between the remaining ganglia is

also reduced, and the investing membrane, or
exterior surfece of the cord exhibits a corrugated

appearance as if in tlie act of becoming
shortened. We have seen in the account pre-
viously given of the nervous system in the
larva of the Sphinx, that besides the longi-

tudinal cords and ganglia, and the nerves dis-

tributed from them, there are also the trans-

verse nerves. There are like nerves in PapUio
nrlk^c, and which are distributed to the same
parts as in the Sphinx. They commence be-
hind tlie first sub-oesophageal ganglion or me-
dulla, where the first of them pass directly out-
wards in the course of the trachea that come
from the first spiracle, and distribute and give

some branches to the surface of the medulla
and its nerves, and some also to the second
ganglion {d), while tlie main branch passes

along in the direction of the muscles of the

back part of the head. Behind tlie second
ganglion branches of tracheal vessels, and
also a nerve from the transverse plexus, are given
to the great alary nerve ( / ) that arises in this

insect singly from the cord between the second
and third ganglion, and not, as in the Sphinx,
one portion ftom tlie cord and another from the

g;inglion posterior to it. From the cord be-
tween the third and fourth ganglion arises the

second alary nerve (i), which like the preceding

arises singly from the cord, but receives also a

1832.
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branch from the transverse nerves posterior to

the tliird ganglion. A plexus of these trans-

verse nerves exists, as in the Sphinx, anterior to

each ganglion (o, o), to the nerves of which

they give a single filament near their base, and

another when arrived near the spiracle, while

their main branches, as in the latter insect, are

distributed separately among the trachea; and

muscles. Those branches of transverse nerves

which pass off laterally from between the

fourth, fifth, sixth, and seventh ganglia, become

approximated to the nerves from those ganglia,

and in the development of the insect at this

period afford an example of the commence-

ment of the interesting fact of the formation of

nervous trunks by the approximation of many

fibres. The transverse nerves anterior to the fifth

ganglion (5, o) are those that first become united

to the molo-sensitive nerves from the gangliated

cord, and at this period of the transformation

tlie two are beginning to become united.

Seven hours after the insect has become

a pupa there is a greater enlargement of the

cerebral ganglia, optic nerves, and ganglia and

cords of the future thoracic segments. Tlie

fourth and fifth have advanced closer together,

and the cord between them has become so

much shortened, enlarged in diameter, and ap-

proximated to its fellow, as to resemble in

shape a separate elongated ganglion, and

strongly to support the opinion formerly ad-

vanced by us* of the actual transmission for-

wards of the nervous matter within the in-

vesting membranes of the cord, ratlier ban

that of its deposition and accumulation at

certain parts through the agency of the nutri-

tive or vascular system. At this period also all

the remaining ganglia have become slightly

enlarged, and the distance between the fifth and

sixth is much diminished, and the cords just

anterior to each ganglion are also slightly en-

larged and are disposed with less irregularity

than at a previous period . At this stage of the

transformation the transverse nerves {oo) also

are beginning to assume their temporary gan-

glionic appearance, and the terminal nerves

from the caudal ganglion are enlarged to sup-

ply the developing organs of generation.

At twelve hours (5) the fifth ganglion has

almost completely coalesced with the cord and
fourth, and has assumed an elongated trian-

gular appearance, and the transverse nerves,

which at seven hours were beginning to be

united to tlie nerves from this 'ganglion, have

now so completely joined them as almost en-

tirely to have disappeared, there being in

some instances only a triangular elevation upon
the gangliated cord, with a |)ortion of nerve

passing outwards to indicate tlieir previous

separation, thus affording a further proof of

the adhesion of contiguous parts, and of the

manner in which nervous trunks are formed.

At c'ljihleen liimrs (6) the whole of the gan-

glia, cords, and nerves have become more en-

larged, particularly those of the wings, and the

transverse nerves, althougli continuing separate,

give filaments to the nerves from the ganglia,

and themselves exhibit at their point of di-

vision imire the a|ii.earaiK.'i: of sjan^lia; while

tin* lo'.uili and fifili ganglia of the cords have

now so completely united as to appear like an

irregular elongated mass. The abdominal por-

tion of the cord is now extended in a more

direct line in the body, and anterior to each

ganglion is still enlarged.

Fig. 422.

f$f

Thiriy-six fumrs,

Ttcenty-ftmr hours*

At twenly-four hours (fig 422, 7) the fourth

and fifth ganglia are completely united, the

fifth being larger than the fourtli. The cords

before the sixth are enlarged, as also are the

transverse nerves of the thorax, which seem to

keep pace with or rather to precede the deve-

lopment of the respiratory organs.

At thirty-six hours (8) the optic nerves have

attained a size almost equal to that of the

cerebral ganglia, and after this period become

very little larger. During tlie preceding stiiges

of the transformation the minute black patch

observed at their base has been gradually more

and more expanded, and carried forwards from

the posterior superior part of each lobe to its

lateral part, which at this period it is begin-

ning to cover, while the optic nerves appear as

if developing from within outwards, and have

a somewhat pear-shaped form. The first sub-

cesophageal ganglion,ormedulla,nowforms with

the cerebral ones a complete ring around the

oesophagus, the crura having almost disap-

peared. The fifth ganglion has decreased in

size and is now smaller than the fourth, while,

in some specimens, the nerves that arise now

come from the cords immediately behind it,

thus giving a further proof that the nervous

substance of the ganglion has been transmitted

forwards. The sixtli ganglion, which at

twenty-four hours was much reduced in size,

has entirely disappeared, but the nerves that

belonged to it remain and are now derived

from the cord, very near to those which be-

longed to the fifth ganglion, thus further

proving, as formerly remarked by us,* that tlie

nervous substance has been transmitted for-

wards along the cord. This view of the

manner in which these changes in the form and

• I'hil. Trans. 1834.
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siie of different parts of the nervous system is

effected is in full accordance with the recently
developed facts of i:hreril)en„' and others re-

siwcting the tubular nature of the primary
nervous fibres.

Aifortx/-cipht hours, (fis. 423, 9) the whole of
the cords have regained the longitudinal direc-
tion, and the seventh ganglion, which had begun
to be decreased in size at the last period, has
now also entirely disa|)peare<l, and its nerves,
like those of the fifth and sixth, come from the
cord, while the ganglia of the thorax are ac-
quiring a great size.

Fig. 423.

2i3. &

Forhf-eii/hl houn. Fijiy-eight houn.

Ki fifty-eight hours (10) a further change
has been effected. Tlie second and third tho-

racic giuiglia have united, and the double gan-
glion thus formed is only separated firom the

larger thoracic mass composed of the fourdi,

fifUi, and part of the sixth ganglia, by the short

but greatly enlarged cords which pass, as before

noticed, on each side of the central attachment
of the muscles. The transverse plexus are

united with the neiTes to the wings, and the

whole of these gangliated portions of cord have
been carried forwards, and now occupy the

middle portion of Uie immensely enlarged
meso-thorax. llie optic and antenna! nerves
have nearly attained their full development,
and those numerous and most intricate plexus
of nerves in the three thoracic segments of
the larva form only a few trunks, which can
hardly be recognized as the same structures.

The arrangement of the whole nervous system
is now nearly as it exists in tlie perfect insect.

The whole of these important changes are thus

seen to take place within the first thi-ee days
after the insect has undergone its metamor-
phosis ; and they precede those of the alimentary
canal, generative system, and other organs,

which are still very iar from being completed,
and indeed, as comjmred with the nervous sys-

tem, have made but little progress.

Such is the rapidity of these changes, as ob-
served by us in June, 1832, in a species that

usually undergoes its metamorphosis from the

larva to the perfect state in about fourteen days.

On rejieating our observation on the same insect

in the following August, when, from the in-

creased temperature of the season, the whole of

the changes in the body were completed in

about eight days, we did not ol>icrve that these

had become much accelerated, although tlie

changes in the other structures were liastenerl.

The whole of these phenomena are iiiduceil by
an alteration which takes place in the external

tegument, and the permanent contraction of

the longitudinal and diagonal muscles of the

body, by means of which the anterior margin
of one segment is drawn beneath die posterior

of tliat which immediately precedes it. This
is carried to a greater or less extent in tlie diffe-

rent segments, and the nervous cord being in

consequence rendered too long to tie in a direct

line, a dis|>osition is thus induced in its va-

rious parts to coalesce.

Orf^ans uf Nutrition.—^The chief organs of
nutrition in insects, the alimentari/ canal and
it$ appendages, assume a variety of forms in

the different classes, and undergo changes al-

most as remarkable as those of the nervous

system. From being scarcely more than a
simple elongated tube, with a few slight en-

largements in its course, as in some of the

apodal Hymenoptera, the alimentary canal be-

comes in the perfect individual a long convo-
luted organ, thick, muscular, and divided into

several compartments, each of which is adapted
to a peculiar function, but subservient to die

more general one of assimilating the food re-

ceived, into one homogeneous material, fitted

for the nourishment of die whole body. But
whatever be its particular form, the alimentary

canal may be regarded as composed of three

distinct coats or tissues, which we shall dis-

tinguish as the external orpcritonaal, the middle
or muscular, and the internal or mucous.

The perilonaal coat, or layer, is an exceed-
ingly transparent, white, shining, and delicate

membrane, and is observed only with great

difficulty. It covers the outer surface of the

muscular coat throughout the whole course of

the canal, and, as we are strongly induced to

believe, although we have not positively ascer-

tained it, is continuous with and reflected

along the tracheal vessels that ramify on the

stomach, and forms their external covering.

We have never been able to detach it from the

muscular coat, which it completely invests,

and to which it closely adheres, but we have
seen it most distinctly in recenUy killed insects

more particularly in die Apida, as in Aniho-
phora rctusa, when die canal has been removed
from die body and viewed by transmitted light.

It is dien seen most distinctly extending along

the sides of the canal, directly across the

angles formed by the contraction of some part

of the muscular coat, where this is thrown into

folds or depressions.

The muscular, or middle coat, is very strongly

marked. It is composed of transverse and longi-

tudinal fibres, interlaced with each odicr,and also

of a series of oblique fibres, which, as shewn by
Lyonet in the Cossus, sometimes in (art form die

retractoresventriculi muscles, that assist to retain

the canal in its proper position in the body, and
connect it witli the whole muscular system.

Burmeister states,* tliat distinct transverse and

• Op. cit. (Uan«,) p. 121.
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longiludiiuil vcsictt can be discovered iii the

muscular coal, but we have never been able to

observe them. The muscular coat is most
distinct in the jyrnvnilricnhs or gizzard, the

ventriculus ordiijcslive slomach, and iha colon,

but may be traced tlirougliout the whole of tlie

canal. Tlie longitudinal and transverse fibres

are each developed to a greater or less extent in

different insects ; in some, more es])ecially in

the larva state, as in the Lepidoptera, the longi-

tudinal fibres form six strong bands, arranged
at equal distances around the canal, and ex-

tended from one extremity of it to the other,

more or less developed in different parts of
their course ; while in other instances, more
particularly in the perfect state, the circular

fibres are most developed, as in the llymenop-
tera, in which the longitudinal fibres on tlie

stomach ai'e scarcely observable.

The mucous, or interna! coat, analogous to the

mucous coat in the higher animals, is divided
into two layers, each of which has been consi-

dered as a distinct structure by different anato-

mists. The most internal of these layers forms
the proper lining of the alimentary canal, and
is a smooth soft membrane, particularly distinct

in the upper part of the canal, but less so in

the lower. It is continuous with the lining of
Uie mouth and pharynx, and is often plaited

or folded longitudinally, but seldom trans-

versely, excepting where it covers a fold of the
other structures to form a valve at any part of
the canal. It is this membrane which is often

solidified at the upper part of the canal, and
developed into rows of strong horny teeth, as
in the Orthoptera and some carnivorous Co-
leoptera, or is covered entirely with exceedingly
minute ones over its whole surface, as is parti-

cularly the case in Grytlus migrutorins. In
some mstances it is very loosely attached, and
forms, as it were, a soft and easily separated
lining to the canal, more particularly in the
ventriculus, as in the il/et-e and some other
genera. The other layer of this coat, which has
been regarded as a distinct structure, is situ-

ated between the proper mucous or lining
membrane and the muscular coat. It is this

layer which is considered by Straus as the pro-
per skin or lining. It is usually thin, tloccu-
lent, and freoueutly widiout indications of dis-
tinct texture, although it is occasionally found
to possess it, as shewn by Burmeister in Hydro-
philus. Straus has sometimes obsen-cd iiorny
prominences in it, which he considers of a
glandular nature. The markings in Ilydrophi-
lus appear to be of the same description. Ram-
dohr mist(X)k this layer for a layer of transuded
chyle ; Straus and liurmeister regard it as per-
fectly distinct from the mucous coat, and Pro-
fessor Grant in alluding to it seems to regard it

as a loose intermediate ceUuIar tissue.* This
is our own opinion also of its nature, because
we have been unable to trace it as a distinct
layer throughout the whole of the canal. It
exists most distinct in the ventriculus, but we
have not been able to trace it in the colon, ex-
cepting, perhaps, in the Lepidoptera, in which
It appears to be what we have regarded as an

Outlinis of Comparative Anatomy, p. 349.

uihpose coal. The inner or trao mucotis kiyer

is very distinct, and in some, as in Cerura vi-

niUa, is covered with minute rounded glands.

The alimentary canal is retained in its

position in the body partly by means of the re-

tractores vciitriculi, which we have observed

most distinctly in the larva; of Diptera, as in

Eriitidii tenux, as well as in Lepidoptera and
others ; but more es])ecially by means of rami-

fications of the tracheal vessels, which pass

from the great longitudinal trachea-, near the

spiracles, and are distributed in profusion over

the alimentary canal throughout its whole
course. Burmeister says that a peritoniEum,

such as retains the intestines in their place in

the higher animals, docs not exist in insects-

This, however, as we have above shewn, is not

strictly the case, since a peritonceum certainly

exists as a coat of the alimentary canal, al-

though we have never been able to observe it

forming, as stated by Professor Grant,* "a
distinct thin mesentery," connecting the con-
volutions of the intestines with the interior of
the abdominal segments.

The parts of the alimentary canal are the

mouth andphart/nx, the cesophagm, (Jig. 424,A,)

and, in the Lepidoptera, (Jig. 4.'30, t,) llymen-
optera, and Diptera, the croji, which is a dila-

tation of the oesophagus carried to so great an
extent as to form adistinct appendicular cavity

;

the provaniriculwi or gizzard (('), the ventri-

culus or proper digestive stomach (fr), the

ilium or short intestine (/), and the coto/i

(ot, n) and rectum (o). These exist in the

most developed form of the canal, but not in-

variably or to the same extent in every insect.

The crop is frequently absent, iis are also the

proventriculus and the rectum, but tlie remain-
ing parts are almost constantly present. Be-
sides these as forming ])arts of the digestive

apparatus, there are the appendicular struc-

tures, consisting of the salivary glands (o), the

giistric («, h, r), and the so-called biliary (p)
and the anal vessels (s). Of these the sup-
posed biliary vessels are almost constantly ])re-

sent, and less frequently the salivary and gastric,

and least frequently the anal vessels, which have
not been observed in many species.

AUwentary ciiniil of the larva.—The most
simple form of aliraentaiy canal we have yet

met with in insects exists in apodal larva;

of parasitic Ilymeuoptera, as in Ichneutnon

Atropos, which undergoes all its changes
within the cavity of the abdomen, between the

alimentary canal and muscular structures of the

larva and pupa of Sphinx ligustri or Ac/icrontia

Atropos. It consists simply of an elongated

sac, very much dilated, and greatly resembling

a Florence flask, and occupies nearly the whole
of the interior of the body of the parasite. The
oesophagus is short and very distinct, and termi-

nates in the second segment in a well-deve-

loped valve formed by a duplicate of the mu-
cous and muscular cpats. Behind this the

whole forms one dilated continuous cavity, ex-

tended as far as the anal segment, but com-
pletely imperforate and slightly intussuscepted

at its extremity, where, when the part is carefully

* III. loc.cit.
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Fig. iU.

Alimentary canal'of Carabtu monitm.

A, oPKophagus ; i\ gizzard, or provcntriculus ; b,

vcntrtculus or digestive stomacn ; l, ilium ; m n,

colon, with c»caL glands ; o, rectum
^ p, hepatic

vessels
; f , their point of insertion ; a, anal ves-

sels -y a, bt c, a gastric vessel ; a, b, n portion of the
lining of the gizzard.

examined by inmsmittod light, there is a slight

apiiearance of circular fibres. Its texture

throughout is distinctly muscular, both longitu-

dinal aud transverse muscular fibres being dis-

tinctly visible in every part of it, and of nearly

uniform size. Tliis is a remarkably low form
of develoinneut in an insect which after>vards

becomes one of the most perfectly organized of

iU claxs. Tlie next timplu form of aknicnlury

csiiuU uocurs in the tame order uf insects, as in

tliu larva of thccotnnion Iloriicl, I'tspti crithru,

ill which it consists uf a straight and gr.i<liia!ly

enlarging tube, extended a.s far Ixickwards ns

the eleventh segment, where it becomes con-

stricted, and forms a short small intestine,

receiving at the same time the insertion;! of

very minute hepatic vessels, after which the

intestine becomes again slii^htly enlargcMl to

form a rudimentary colon. Tlie next soinewhal

more develojicd form is found in the Apulir, as

in Ant/iopliorii re'.ian, in which the canal forms

a distinct a-sophagiis, which terminates in a very

slight dilatation, and then gradually enlarging,

|>asses onwards, as in the Ilornct, until it ac-

quires its largest diameter in the eleventh seg-

ment, and becomes constricted to form the

small intestine, receiving laterally at the same
time the insertions of tlie hepatic vessels. The
small intestine then passes forwards, and after

making one short sigmoid turn backwards, ends

in a straight colon and anal aperture, which is

distinctly developed in this insect towards the

latter van of Uie larva period, at which lime,

after tlie insect has become full gro\Tn and
ceased to feed, we have obsen-ed faeces passed

from it, but we have reason to believe tlial the

anal aperture is not developed until that (Xiriod,

since no fa:ces are found in the cell in which
the larva is inclosed until after the larva is full-

grown, and has eaten the whole of tlie food that

was stored up with it when the cell was closed

()y tlie parent. In tlic larvx of some Coleo|)-

tera, as in the jMmellicontcs, there is almost as

simple a form of the alimentary canal as in tlie

Ap'idic. In these, as in Melolontha vulj'aris,

(jig. 425,) it commences in a short and narrow

cBsophagus, which opens by a valve into a very

capacious stomach tliat extends backwards to

tlie twelfth s^ment of tlie body, where it is

gradually decr^sed in size, and ends in a nar-

rowed pylorus, which is divided internally by
a valve from a short and narrow intestine,

that passes forwards beneath the stomach,

and ends in a very large colon, which at lis

commencement is dilated into an immense
C(£cum, and is in general distended with fxces.

It terminates beneath the middle of the

posterior half of the stomach in a rectum,

which passes directly to an anal aperture.

In our dissection of this larva we did not observe

the exact point at which the biliary vessels enter,

but iievertlielesslhey exist, although less distinct

than in die perfect insect. Tliey were observed

by Swammerdam in tlie larva of Orycta nasi-

comU,* entering, four in number, at the pylo-

rus. In this and other lamellicoru larva: the

surface of the digestive cavity is increase<l by
tlie addition of three series of ccecal appen-

dages. The first surround tl«e cardiac extre-

mity, and consist of twelve ctecal tubes, with

their apices directed forwrards, and dllate<l on

each side into four smaller C(Eca, so that each

one has somewhat tlie appearance of a fern-

leaf. From tlie situation which Uicy occupy,

tlicse may perhaps be regarded as salivary

organs. A little beyond the insertion of Uiesc

• Biblia Nat. tab. xxvii. fig. V. e.
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Jig.i2fi.

Lateral vieiv of the alimentary canal of the larva of
Alelolontha vulgaris^ with the three series ofgastric
vessels.

TBPsels the stomach is slightly constricted, and
receives the insertions of another set of cosca,

which differ from the last in being single, co-
nical, and directed backwards. At some dis-

tance beyond these, the stomach is encircled

by a third set of cceca, which differ from both
the preceding in being united in pairs at their

base, and inserted, with their apices directed
forwards, near the posterior part of the stomach.
Those cceca, both of the second and third

series, which are nearest to the upper part
of the stomach, are the shortest. These cceca
are not analogous to the hepatic vessels, or ra-

ther those usually so designated, but to the
gastric glands which cover the stomach in the
Curabidtc (Jig. 424) and Lucanidic (fig. 428),
and api^ear m this voracious larva designed to

secrete a fluid that may be necessary to enable
the stomach to digest the immense quantity of
vegetable matter taken into it. In the Lepi-
dopterous larva; the canal is scarcely more
developed than in the Coleopterous, since,

although the oesophagus is elongated, and
the lai-ger intestines are somewhat more
complicated, no series of gastric glands are de-
veloped. We believe we have seen those which
surround the cardiac extremity in some Hombi/-
chlie, as in Odonestis jwlaUiriu, immediately
after the insect was killed, but merely as little

rounded protuberances, the character of which
was completely lost after tlie insect had been
preserved for a short time in spirits of wine.
They exist also very distinctly in the Sphinx.
In tins order it commences by a distinct ceso-

phagus (fig. 364, c), which terminates by a val-
vular oritice in the third segment in a long and
very muscular stomach (C), around which the
six longitudinal bands are very distinct, as also
are the transverse muscular ones. At the com-
mencement of the eleventh segment it becomes
CDnstricted, and terminates in a distinct pylo-
rus, v\hich ends in a short ilinin (r), irito'lhe
middle of which, ou each side, are received the

Fi^. 426.

f^

united termination of the hepatic vessels (f),
wliicli, having extended along the sides of the

stomach as far forwards as the seventh segment,

are convoluted around this and the remaining

portion of the canal. Immediately behind the

ilium the canal is developed in a six double-

lobed coecum
(t'),

and immediately afterwards

into an immense sacculated colon (A), termi-

nated by a very short rectum. Tlie longitu-

dinal bands are particularly distinct on the

colon, and extend from Us posterior part to the

external muscular tegument forming the retrac-

tors of the colon and rectum. In the active

larvaj of Coleoptera the aliraent;iry canal be-

comes still more developed. It commences m
the larva; of the Curubtda, Culusomu si/co-

phanta
(fig. 426), according to Burmeister,* in

a very short oesophagus (II),

that opens at the posterior

part of the i)ro-thoraeic seg-

ment into a large cylindrical

stomach (K), which is ex-

tended throughout the great-
er part of the body, very si-

milar in appearance to that

of the Lepidoptera. This
is called by iiurmeister the

craw. It opens directly

into another cylindrical sto-

mach, much narrower and
nearly of the same length,

but more muscular than the

preceding, and receiving

its posterior extremity ((i),

where it forms internally a
distinct pyloric valve, the

hepatic vessels. Burmeister
remarks that there is no
valve of separation between
the first and second of these

stomachs, nor any rudiment
of the gizzard, which exists

in the perfect insects of this

order (fig. 424, i). These
are succeeded by a small

intestine or ilium (L),

which is of some length,

and together with the se-

cond stomach forms several

convolutions in the body
between the first stomacli,

or craw, and the great in-

testine or colon (M), which
follows it, and terminates

the canal in a protruded
Alimeraurtj canal of anal aperture (O). The

J-

—

%

the tanx, of Calo- ^gio,, -^^
jf, ^,051 \.^ ,g

sitmn sycophanta.

(
Iiurmeister. )

very muscular and folded

transversely, and altogether

the canal is more developed tlian in the pre-

ceding instances, as also are its appendages
the hepatic vessels, which are exceedingly
long, although no ctEca are developed upon
them. In the Hhinchophora and Longicoines
there is a still higher form of alimentary canal,

as observed by liurmeistert in Calaiuira

* Transactions of Entomol. Society of London,
vol. i. part 3.

t Ziir Naturgcschichte dei Galtung Calandra.
Berlin, 1837.
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Sommeri, and ai seen by ourselves in Cullidium
luridutn. In Caliiiuira, whicli in external ap-
peardiicc is scarcely mure perfect than tlie

apodal larva of llyinenoptera, the alimentary
canal C_/%. 427) approjiches much in form,

Fig. 427.

A timeniart) coaal of the

larva of Calatutra Sum-
meri. ( BttrmeUter, )

size, and complication of its parts to that of

the perfect insect. It commences behind the

pharynx in a very short pear-shaped ccsopha-

gus (II), which opens by a valve into a dilated

bag-shaped crop (I), analogous probably to

the first stomach of the larva of Cnlosoma. This

is continuous by a narrowed passage with the

proper digestive cavity, around the middle part

of which (K) are developed many conical glan-

dular papillae or gastric vessels, that do not

apjiear to have been noticed in the larva of

Culosoma, which instead of subsisting upon
hard vegetable substances like these CurcuUo-
niiia, preys upon the soft bodies of living cater-

pillars, and consequently does not require for

the digestion of its soft animal food and juices

so complicated a structure as those which de-

vour large quantities of crude vegetable matter,

as is the habit of the Lnmcllicorncs, or the hard
and less easily solvent woody fibre or coverings

of insects devoured by the Calandra or the

perfect Carulndic. At the posterior extremity

of the digestive stomach in this larva are in-

serted, as Ixifore seen, tlie biliary vessels, not

singly around the sides of the canal, but by

the union of four of these tubes in a common
duct. This peculiarity is remarkable, an it

occurs in some 3|iecies in the perfect in-

sect. Besides these vessels there are two
others somewliat smaller, which are inserted

separately, a little anterior to the common duct.

Tliese have been supposed to be analogous
to pancreatic vessels, but they are similar

in almost every resiiecl to those which are

inserted by a common duct, and hence may
be supposed to have nearly the same functions.

We have noticed similar vessels inserted se|)a-

rately from the sup|>osed hepatic vessels in the
Dt/ticida and in Timarcha, which certainly

leads to the conclusion that they have some
difference of function. The ilium (L) is of
great length, and more convoluted than we
have yet seen it in any larva, and ends in a very

muscular cylindrical colon (M N}, terminated
by a short rectum. A similar and perhaps
even more highly developed form of alimentary
canal exists in CalUdum luridum, in which the

anterior portion of tlie oesophagus commences
with a small neck, and is then enormously di-

lated, after which it becomes gradually narrowed
and constricted, and is joined to a second sto-

mach, which in like manner is also dilated at

its anterior extremity. In the middle part of
its course it is twice folded, and is covered with
minute coeca, as in Calandra, like which it ter-

minates in a valvular pylorus, and receives at

the same time the insertions of the hepatic ves-

sels. The ilium' is also of considerable length,

is exceedingly muscular, and is dilated in two
parts of its course before it terminates in a
straight and very muscular colon and short

rectum, as in Calandra. The length and com-
plication of the intestines, therefore, appear to

have some reference to the quality of the food

to be digested, since it is well known that the

food of these latter insects is of difficult assi-

milation, being as it is chiefly the hard ligneous

fibres of vegetable matter ; but they cannot be

received as always indicatory of a carnivorous

vegetable feeder, since, as above remarked, the

length of the canal is considerable in one en-
tirely carnivorous larva, while it is much shorter

in some herbivorous, and particularly in jiolleni-

orous larvs, as in the Melolontka and the

apodal Hymenoptera.
In the perfect inxct, the length of the ali-

mentary canal is not more indicatory of the ha-

bits of the species than in the larva. It is

nearly as long, and is more complicated, in the

rapacious Carabida (Jig. 423) than in the

honey-sipping Lepidoptera, whose food is en-

tirely liquid, while, as we have seen, it is only

a very short tube in the pollenivorous larva,

which subsists upon a mixture of i>ollen and
honey ; but in the perfect insect, which subsists

upon honey alone, and which it might be sup-

posed requires little power of digestion, the

canal is long and tortuous. In the rajiacious

Curahidte, it is from two to three times the

length of the whole body. At its commence-
ment at the pharynx it is funnel-shaped, and
opens directly into the a?sophagus (fg. 424, A),
which is gradually enlarged as it pa.<ses through

the thor.ix, until it arrives at the mcla-thoracic

segment, where it becomes greatly dilated, and
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forms a large bag or crop, which we shall pre-

sently set" more iierfcctly developed in the

Ilaustellata. Wliiie passing; into the abdomen,
this part becomes suddenly constricted, and
terminates in a short neck, immediately behind
which is an oval and very muscular gizzard (i),

whicli is developed internally into four broad

longitudinal horny ridges (a, h), armed with

strong sharp bristles, as formerly sliewn by
Leon Dufour* in insects of this family. Be-
tween these ridges are two channels armed in

like manner with a double row of minute
hairs, which assist in more minutely comminu-
ting the hard parts that are passed into the

gizzard and escai)e trituration by the ridges.

The substance of the gizzard is particularly

muscular, and resembles in colour the gizzard of

a bird. On its external surface the thin shining

peritonoeal coat is very distinctly seen. At its

base the gizzard is mucli constricted, and the

ridges within it meet together so as to form a
distinct valve, by which this is divided from the

next portion of the alimentary canal, thechylific

ventricule (/c). This part is capacious and
muscular, and the double mucous lining within

it is very distinct. It is of considerable length,

and is gradually decreased in size from its com-
mencement to its termination at the pyloric

valve, where, as in the larva, it receives the he-
patic vessels. It is covered throughout its

whole course by an immense number of appa-
rently ccecal vessels (n, b, c), which in the upper
half of its course are of considerable length,

but in the lower become gradually more and
more shortened. Burraeisterf thinks these

ceecal vessels are derived entirely from the inner
or mucous coat of the ventricule by intussus-

cepted portions, which pass through the mus-
cular coat between the fibres which are pushed
aside by them, and consequently that they do
not derive any covering from the muscular coat,

but of this we have considerable doubt. In-
ternally they certainly open each by a distinct

valvular orifice, derived from the mucous lining,

as we have seen m Curubiis vionilis {b), and
externally are covered by the peritoncEal coat,

and on each side are furnished with a minute
ramifying tracheal vessel, derived from tlie tra-

chea; which are distributed over the alimunUtry
canal, as shewn by Dufour. We cannot, how-
ever, imagine that they derive no covering from
the muscular coat of the ventricule, more espe-
cially while it is admitted that the ccecal appen-
dages attached to Uie anterior and posterior por-
tion of tlie ventricule in the Grj/lliUie derive a
portion of their structure from the muscular
coat as well as the mucous. These are most
decidedly secretory organs, and elaborate a
fluid, probably distinct in its chemical composi-
tion from that of the biliary vessels at the
pyloric extremity of the stomach. The ilium

(/) is of considerable length. On its exterior
surface the longitudinal muscular bands are
distinctly marked. It is much longer in pro-
portion to the other parts of the intestine in the
perfect insect than in tlie larva. It terminates
in a very large pear-shaped colon (m, n), the

* Annales dcs Scieaccs Naturellcs, lom. ii. ul. 20.
t Op. cit. p. 132.

upper part of which corresponds to th« coecum,

which we shall see highly developed in some
other sjwcies. It is there marked by six elon-

gated elevated glandular protuberances, situated

between the longitudinal muscular bands.

These elevations seen on the exterior of the part

correspond to others which we have found

equally strongly marked in the colon of lly-

menoptera, and we suspect are the mucous
glands of the great intestine. The colon is

usually distended with faces, and terminates in

a very short narrow rectum (»). At each side

of the colon are situated the unal or urinari/

vessels (s), which we shall presently describe.

This may serve to illustrate tlie general form of

the alimentary canal in caniivorous Coleoptera.

In certain parts of its course it is, however,

more developed in other species. Thus in the

Dylkula, we have found the cesophagus in

Uj/tliiticiis cinerem, as described by authors in

Di/licus, expanded into a large croi>shapcd

bag, and the stomach shorter than that of the

CurabUlie, and covered by long cceca throughout

its whole extent. It receives at its base the in-

sertion of four large hepatic vessels, and also

two very much smaller ones, similar to those

just seen in thelarva of the('«/«n(/ra. The anal

vessels are also present, but their excretory

bladder is larger, and its neck much shorter

than in the Curubidir. The most remarkable

structure is in the proventriculus or gizzard.

The external appearances of this part resembles

that of an acorn in its cup. It is exceedingly

muscular, and is armed internally with four re.

markable teeth arranged around its inferior \iot-

lion, between four horny ridges developed from

the mucous lining of the part, and covered with

very strong stifi' hairs, as in the Carubidtt. Each
of these teeth is broad and somewhat oval at its

base, and in shai)e resembles a helmet, the crest

of which is acute, and armed with two sharp-

pointed prominences adapted for cutting the

food, which it is known is swallowed more rapa-

ciously and less comminuted by these insects

than by Cunilndie. This form of alimentary

canal with a gizzard and gastric cceca exists in

the Silpliidtt,"' and most of the carnivorous

feeders. Thus it exists also in Stapfii/tinida,^

in which we have found the gizzaixl in Crcop/n-

lus maxUlosus armed with double longitudinal

horny ridges, covered with stiff' hairs as in Ca-
rubus, like which also the stomach is covered

with gastric cceca, which are larger at the an-

terior than at the jjoslerior part of the organ.

The anal vessels are also largely developed.

Dufour has observed the same in Stuplij/li-

7itis en/llirojitirux. The gizzard is also found
in some of the Neuroptera. It is very largely

develojx:d in the carnivorous Panorpa com-
munis, in which, however, we have not found it

thrown into regular longitudinal folds, but into

transverse and oblique rugtc covered with stiff

hairs. The alimentary canal in this species is of

considerable length, perhaps nearly three times
that of the body. The CESO|)hagus is short,

but is developed at its under surface into

a minute oval crop, perfectly distinct from

• Dufour, op. cit, torn. iii. pi. 13, fig. .5.

t Id.
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ttie common cavity of tha CBSophagu», althoueh
not sciKiratcd from it by u valve, neillier is tFio

CBSopliagus sepanitotl by a valvular structure

from the gizzard. The cliylific stomach is ex-

cee<liiigly long ami cylindrical, but is without

gastric ca-ca, like the larva of Carubidie, since

like that, the Vuiwrpa appears to subsist rather

by sucking the juices than by swallowing the

hard parts of the body of its victims. Thus,
then, although in the Cuindelida: (Jig. 37, vol. 1),

the canal is scarcely lunger than the body, as

formerly shewn by Dufour, and since fre-

quently instanced as proving that the length or

shortness of the canal is characteristic of a car-

nivorous or i)liylophagous feeder, we cannot
admit that the length of the digestive organs,

and the existence of a gizzard and gastric ves-

sels, are indicatory of predacity of habits in tlie

insect, because a similar conformation of parts

exists often in stiictly vegetable feeders. The
existence and length of these parts seem rather

to refer to the comparative digestibility of the

food than to its animal or vegetable nature.

Among the more omnivorous feeders, as in

the ForJiculiiUe, the gizzard is still present.

Ill Vorficuta uuriculuria tlie cesophagus is

long and dilated, and a short, broad, and very

muscular gizzard is present. Internally it is

thrown into six longitudinal folds, which pro-

ject for some distance at their extremity into

the cavity of the digestive stomach, to the en-

trance of which, when closed, they serve as a

valve. The canal of this insect, which, although

in part carnivorous in its habits, certainly is

not of the most rapacious nature, but lives

equally upon the juices of fruits and flowers, is

scarcely longer Uian tliat of the most predaceous

Cicindtla or Dj/ticus, since it passes almost in

a direct line through the body, making but one

slight convolution, a further proof that the

Ungl/i of the canal must not be taken as a cri-

terion whereby to judge of the habits of a

species. This will apply equally to the om-
nivorous Gri/llida, in which there exists a short

alimentary canal, but a gizzard of more com-
{)licated structure than that of Dyticida. Id

these insects the two layers of the mucous
coat are visible even in the oesophagus. The
second layer is distinctly glanduhu- and secre-

tory, and in it there are many thousands of

very minute granulary glandular bodies, which
probably secrete the tluid tliat is often ejected

from the mouth of the insect when captured.

The inner layer, or projxir mucous lining, is

often folded longitutlinally, and in Acrida
viridissimii lliese folds, which are six in number,
assist to form a valve between tlie oesophagus

and gizzard. They are each armed with five

very minute hooked teeth, and continued into

tlie gizzard develope many more in their course

through that organ. These first teeth are ar-

ranged around the entrance to the gizzard, and
seem designed to retain the insufficiently com-
minuted food and pass it on to that organ.

Next to these in succession on each of the lon-

gitudinal ridges are four Hat, broad, and some-
what quadrate teeth, each of which is very

finely denticulated along its free margin. These
extend about half-way through the gizziird.

'ITiey appear to be alternately elevated and de-

pressed during the action of the giziard, and to

serve to carry on the food to the twelve cutting

teeth with which each ridge is also armed, and
which occupy tlie posterior |>art of the organ.

These teeth are triangular, sharjvpointed, and
directed posteriorly, and gradually decrea.sc in

size in succes.sioii from before backwards. Ivicli

tooth is very strong, sharp-jwinted, and of the

colour and consistence of tortoise-shell, and is

armed on each side by a smaller [minted tootli.

These form the six longitudinal ridges of the

gizzard, between each two of which there are

two other rows of very minute teeth of a tri-

angular form, somewhat resembling the larger

ones in structure occupying the channels be-

tween the ri<lges. The muscular portion of the

gizzard is equally interesting. It is not merely

formed of transverse and longitudinal fibres,

but sends from its inner surface into the cavity

of each of the large teeth other minute but

powerful muscles, a pair of which are inserted

into each tooth. The number of teeth in the

gizzard amounts to two hundred and seventy,

which is the same numlier in these Gryllida

as found formerly by Dr. Kidd* in the mole-

cricket. Of the diflerent kinds of teeth there

are as follows : seventy-two large treble teeth,

twenty-four flat quadrate teeth ; thirty small

single-hooked teeth, and twelve rows of small

triangular teeth, each row being formed of
twelve teeth. This is the complicated gizziird

of the higher Orthoptera. In die same insect

immediately posterior to the gizzard the chylific

stomach is expanded on each side into two
large rounded c<eca, into the u pper part of which
some minute vessels aretracea which in appear-

ance resemble the hejxitic vessels. Posteriorly

to these coeca the stomach becomes narrowed
and makes one convolution, and receives around
its termination the lie|>iUic vessels, which are

small but very numerous. It then is continued

backwards as a long ilium, and terminates in a

muscular banded colon without a distinct

rectum. The whole length of this alimentary

canal does not exceed more than about one
length and a half of that of the body. A simi-

lar structure exists in the Btattida. In these

insects eight large vessels are inserted around
the commencement of the stomach behind the

gizzard. Four of these are long and four short,

and as observed by Burmeister, these have been
thought to be analogous to pancreatic or

gastral salivary organs. In the proper Lorus<id<c

there is only a rudimentary gizzard, as Bur-
meister has shown in iMcusta migratoria, in

which the interior lining of the whole oeso-

phagus and crop is covered by an immense
number of very minute homy teetli, for the

pur|)Ose of comminuting the hard ligneous

matter which we have sometimes found in

foreign specimens. The rudiments of the

gizzard exist in six flat pieces, studded with

minute teeth like the lining of the (Esophagus.

The commencement of the stomach is sur-

rounded by two sets of ccecal appendages, six

in each set, and similar in form to those of the

second set in the larva of Metolont/ia, like

which those on tlie under surfiice arc tliu

• Phil. Trans. 1(126.
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Fig. 428.

Alimentary canal of Lvcanua cervus. .

G, anterior muscles of tlic pharynx; H, dso-
phagiis ; I, gizzard ; K, chylific stomach ; L, ilium

;
M, colon (circal portion of); N, colon ; O, rectum ;
a, troiital ganglion on the vagus ; b, vagus ; e, an-
terior Uteral ganglion connected to the vagus.

longest. These are evidently analogous to the
vessels in Blatta.

But one of the most remarkable forms of
alimentary canal with reference to the habits of
tlie insect exists in the male Lucanus cervus

(fig. 428), which subsists entirely upon fluid
aliment, as proved by the observations of natu-
ralists, and confirmed by the fact that its mouth
is unfitted for mastication. In this insect the
esophagus (II) is usually long and narrow, and
terminates in the meso-thorax in a well deve-
loped gizzard (I), as in the Carabus, and this
is succeeded by a long chylific stomach (K),
covered throughout its whole extent by very
minute rudimentary coeca, as first noticed by
Dufour. It makes three distinct convolutions,
and IS then divided by a ])ylorus, which re-
ceives four hepatic vessels (P) from an ex-

ceedingly short ilium (L), which passes directly

in an enormous colon. The upjjcr portion of

this(M) is divided from the lower (N), which
is thus divided into colon and ca-cum. It ter-

minates in a long folded rectum (N, O), and
the whole are usually filled with fa'ces. Now
this insect, in which both gizz;ird and gastric

vessels are present, can scarcely require these

parts for the purpose of triturating its food,

which is entirely fluid, besides which, being

one of those species that undergo a complete
metamorphosis, it can scarcely be supposed to

be simply a remains of what existed in the

larva state. Tlie presence of the gizzard may
be looked upon as somewhat anomalous.
Again it may be remarked, that in Hymenoptera
the stomach, which in many species digests

only liquid concentrated food in the form of

honey, is much longer than in those instances,

as in Orthoptera, in which the food is less

easily digestible. In tlie Apidie there is a large

alimentary canal with an immense number of

biliary vessels attached to it, while in the

Tcnthredinidie, which, besides honey, subsist

partly upon the pollen of flowers, as we have
observed in Athuliu cenliJhlite,\\ieK is a very

short alimentary canal and even a distinct

gizzard (fig. 429, I), situated between the

Section of the crop (H), gizzard (I), and stomttch

(K) of Athalia centifoliiB. \Newport, Prize Bsmy).

Stomach (K) and the dilated cesophagus (II)

or crop of this order. We have detected pollen

in the proventriculus of this insect, so that in

these we have still further proof that the length

of the canal is not always indicatory of the

habits of the species.

In the Lepidoptera, which, we have seen, in

the larva state have a short intestine, have a com-
paratively long one in the perfect. In the

Sphinx ligustri (fig. 430), the oesophagus {It) is

long and narrow, and in the metathoracic seg-

ment is dilated into a large crop {t) connected

by a distinct neck, but not divided from it by a

valve. This is usually filled with air, and has

thence been called the sucking slotmich, but in

the Diptera, in which it also exists, and com-
mencing much nearer the pharynx is extended

backwards as a long and gradually enlarging

tube until it reaches the anterior part of the

abdomen, where it is expanded transversely

into a large bag, we have certainly found it

partially filled with food. This has often been

found to be the case in the common flesh-fly.

In £m7n/(s_/?or«<s(?) we have found it partially

filled with yellow pollen from the flowers of

the ragwort, upon which the insect was cap-

tured. We have at the same time Observed
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Fig. 430. Fig. 431.

^.

V^

Almentan/ canal of Splinix Uguttri.

Jhe pollen in the canal leading to the bag, in

the a-sopliagus, and in tlie stomach itself. A
(i;iia;ird does not exist either in tlie Diptera or

l-epidoptera, but there is a slight rudiment of

it in the Spliinx (i). The stomach of Lepidop-

terd is in general short, oval, or a little elon-

gated {k), and always very muscular, and as

in other insect:*, the hepatic vessels (p) enter

at its pyloric extremity (</). Tlie ilium (/) is of

considenible length. In the Sphinx it makes

seven folds, and then passes straight to tlie

" AUmemiarj/ omal of Pontia Imutiea,

colon, which is developed anteriorly into a veiy

targe ctecum (m), and terminates in a narrow
short rectum (n). Throughout its whole course
it is covcr»d by the hepatic vessels. In tlie

Pimtia brutsica (fig. 431), the digestive sto-

mach is precedecf by a very ronscular and
transversely banded portion of canal resembling

llie stomach of Hymenoptera. It is in the pre-

cise situation of the gizzard in other orders, and
appears to be the representative of tliat part in

this insect. Tlic true stomach is long and oval,

and the ilium is longer than in the Sphinx, and
the ccEcnro, colon, and rectum are all distinct.

In the Diptera the alimentary canal is usually

very long, and is scarcely at all shorter in the

carnivorous than in the omnivorous feeders.

Appendaget of the canal.—^The first of these,

the salivary glands, are very frequent in most

of the orders, but vary greatly in form and
number. In Lepidoptera they are simple

elongated tubes (A), which extend into tlie

thorax and are convoluted beneath the oeso-

phagus and anterior portion of the alimentary

canal. In the larva they constitute the tiOe

vessels, and empty themselves by a single duct

through the spinneret on the floor of the

mouth. They are formed of three por-

tions ; first, the excretory, which is thin and
transparent, and is gradually enlarged as it

passes back\vards along the body ; second, the

apparently secretory |X>rtion of the organ, which

is of an elongated cylindrical form, externally

transversely marked as if formed of muscular

fibres, and internally covered with a vast

number of rounded glandular bodies, as we
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have seen in the recently detached vessel of

Vanessu urtica ; and lastly of a third portion,

wliich consists of a minute vessel, extended

from the apparently coscal extremity of the

middle portion of the organ, as formerly shewn
also by Lyonet in the Cossus. In the perfect

insect these parts still exist, but very much
reduced in size. In the Cossus Lyonet has

shewn four of these vessels, two of which, the

proper silk vessels, ojien by a single excretory

duct, and the others separately into the cavity

of the mouth. In some Coleoptera, as in the

Blapsida', these organs are formed of many
ramifying tubes united on each side of the

oesophagus into a single duct. In others, as in

the Orthoptera and Hymenoptera, they con-

sist of an immense number of rounded, opaque,
glandular bodies, aggregated together in small

clusters, which communicate by many small

ducts, inserted at irregular distances, with a

large and partially convoluted common or ex-

cretory duet, that opens on each side of the

mouth, so that eacii of these collections of
glands resembles a bunch of grapes or cuirants.

Each of these rounded granules, or acini if we
may so call them, receive a minute vessel,

but whether this is distributed over its sui-foce

or is received directly into its substance we
have been unable to ascertain. These aggre-

gations of salivary glands are usually situated

on each side beneath the oesophagus in the pro-

thorax, and are very distinct in the Orthoptera
and Hymenoptera, in which they have been
often noticed. MUller has seen them in

I'lmsmu, Treviranus in Apis, Burmeister in

lAKustida, Gryllida, and Termes, and we have
also seen them in Locustidtt and Gryllidic among
the Orthoptera, and in Bombus, Apis, Antho-
phora, and AthuUa among the Hymenoptera.
Their existence in the latter genus is somewhat
interesting from the circumstance that the large

quantity of salivary fluid which these organs
seem calculated to produce appears to be
entirely employed in moistening the dry pollen
of flowers upon which the perfect insect chiefly

subsists, before it is passed into the ctsophagus,

and not in the habits or in constructing of a
nest, as is the case with the bee, which always
employs it as a solvent for the wax in the con-
struction of its combs. In the latter insect,

according to Burmeister, the evacuating duct
of these organs is a miimte spiral vessel re-

sembling a trachea, and empties itself into the

tube of the proboscis or ligula. The form and
number of these salivary organs varies in the

different classes; the usual number is two,
but in Apis Cimex and Ptdcx there are four,

each pair of wliich unite into one duct, while
in JVepa tliere are as many as six.* In the
Tuhtmidie there are only two short ccecal tubes,

into which many minute vessels empty them-
selves.f Those gastric vessels, which are in-

serted at the commencement of the digestive

stomach we have above stated have been re-

garded as salivary organs, but there is consi-
derable doubt respecting their real function.

Burmeister considers them to be analogous to
the pancreas, but if this be admitted to be the

' Burmeister, op. cii, p. 14G. t Id. 115.

case in tjie Ortlioptera, those vessels also which
cover the exterior of the digestive stomach in

tlie carnivorous Coleoptera must be of the
same description, since both empty themselves
into the digestive stomach. But we cannot
coincide with him in this opinion, since from
an experiment which we shall presently notice
there is reason to believe that tlie fluid poured
into that cavity during digestion is of an acid
nature, analogous to that which is found under
similar circumstances in the stomach of ver-

tebrata ; while that of the proper salivary

organs is believed to be alkaline, as was for-

merly supposed by Rengger. Treviranus also

believed the same of the saliva of the honey-
bee, having witnessed its employment by this

insect in the formation of its combs. We have
also seen this insect reduce the perfectly trans-

parent thin white scale of newly secreted wax
to a pasty or soapy consistence, by kneading it

between its mandibles, and mixing it with a
fluid from its mouth, before applying it to

assist in the formation of part of a new cell,

so that we have good reason to believe that Ihe
salivary fluid thus employed as a solvent for the
otherwise brittle wax is of an alkaline quality.

The Mulpighimi or supposed hdiury vessels

(Jig. 432, ;)J usually enter the canal, as we
have seen, at the pylorus. They vary greatly

in number from two to twenty or even a hun-
dred, as in some of the Orthoptera and Hymen-
optera, but in all insects their function appears
to be similar. They are usually from four to
six in number, and are very long tubes that
pass from their insertion or opening into the
canal behind the pylorus directly forwards
about half way along the sides of the stomach,
and are then reflected backwards as far as the
ilium, around which and the colon they make
many convolutions, and in the Lepidoptera
terminate, or perhaps we ought rather to say
originate, each in a minute vessel, which be-
comes smaller and smaller in proportion to its

length, and in which we can perceive no dis-

position to form a ccec.il termination, although
we have been unable to trace it to its origin,

which is certainly in the vicinity of the posterior

part of the colon. Of this we have satisfied

ourselves by following these vessels in the larva
of Oiloncstis potuturia, which the colour of
their contents, an opaque bright yellow, has
rendered practicable. We have traced them
until the yellow colour has disappeared in an
opaque white, and this has been also lost in a
perfectly transparent fluid, after which we have
been unable to follow the vessels further. In
other insects they appear to end in ccecal ex-
tremities, but we certainly could not observe
this in the larvae of Lepidoptera. It has also
been supposed by some anatomists that these
vessels form a double communication with the
alimentary canal, but this has entirely escai)ed
our ob.servation. In the larva of Sphinx ligustri

and most other Lepidoptera these vessels are
covered by an immense number of minute oval
coeciform dilatations (Jig. 432, a), as is also
the case in some of the perfect Coleoptera,
Melulonthd,* as shown by Dufour, Straus

• See Animal Kingdom, vol. i. fig. 38, c.
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Fig. 435.

a, part of the hepatic vesKfl of the larva of Sphinx
Uj^ustri whea nearly full grown, showing the
C(eca ; b, part of the aamc in the pupa, the ctxca
disappearing,

Durcklicim, and otliers. From eacli of these

supposed cttca in the larva of sphinx we have
traced an exceedingly minute and transparent

vessel wliich has apix^arcd to be connected vfith

oilier delicate rainitications, and sometimes
with the immense quantity of adipose sacculi

with which the whole viscera are surroundetl.

Tliese Maliiighian vessels undergo considerable

chanj^es while the insect is parsing from the

larva to the (wrftct state. The cccca begin to

disiippear suuii aAer the insect has entered the

pu{)a state (//), and not a trace of them is dis-

coverable in the perfect insect, so that the

function of the organ is gradually diminished
ill activity. During the larva slate they exhibit

a remarkable jXM;uliarity at their connexion with

the alimentary canal which seems to have some
reference to their function. It is a dilatation

at the point of union of tliese vessels in the

sphinx to form a single duct that opens into

the ilium, and if these be hepatic vessels may
repr(!scnt a gull-bladder, as once observed to

us by Dr. Grant, but the exact function of the

vessels is very difficult to determine. The
following observation which we made in the

summer of 1832 and have since rejieated seems
a little to show the nature of the contents of

these vessels, and also of oilier parts of the

alimentary canal. We gave sugared ^vater,

coloured with indigo, to some specimens of
yumma urtka which had been confined for

several houre witliout food after they had left

the pupa state. On exumining the insects

aliout two hours afterwards the stomach was
found filled with fluid containing a great quan-
tity of pink-coloured granules, which apixjiued

to lie the vegetable indigo acted upon by the

acid tx>ntents of the stomach by which it had
become s;iturated, thus distinctly indicating the

jireseiice of an acid in the stomach during

digestion. Hut it Wiis remarkable that some of

the iiidii;o that had passed the pyloric extremity

of the stomach, where these supposed biliary

vessels enter, and had also passed throughout

ihe whole length of the ilium and even in part

into the colon, had been restored again to

its original dark blue colour, thus indicating

the presence of an alkalescent fluid secreted

eitlier by die hepatic vessels or the ilium along

which the indigo had passed. But another

curious circumstance was that the hepatic ves-

sels also jmrtook of the same pinkish hue as

the contents of the stomach, which seemed to

indicate that llic contents of these also are acid.

The concluiiions wo drew from these observa-
tions, wliich we re|H>ated very carefully in

1834, were, that tliere is lui acid gastric juice
secreted in the stomach during digestion, that

the contents of the so-called he|)iitic vessels are
probably also acid, and that an alk.-iline fluid

IS secreted by the ilium, otherwise the indigo
reddened in the stomacli could not have been
restored to its original colour. These cireum-
slaiices seem to lead to tlie conclusion that the
Malpighian vessels are raUier uriiiiferous than
biliary, more especially as they have been
found by Chevreul* and Audouinf to contain
uric acid ; but if this be really tlieir function,

a question then arises why they are inserteil so
near to the pyloric extremity of the stomach in

almost all insects, and the excreted fluid be
thus required to traverse nearly one-half of the
whole alimentary canal before it is ejected fiom
tlie body ? lliis consideration still inclines us
to suspend our opinion as to tlieir true function,

and leads us still to believe that they may be
in some wray connected with tlie function of
digestion and assimilation.

T/ie anul or proper urinij'trous organs.—We
agree with Burmeister tliat the anal are the
true urinary organs. They do not in general

evacuate tlieir contents directly into tlie canal,

but on each side of the anus. Tliey exi.st, as
we have seen, in the CurabUU (Jig. 424, t),

and their general form, as long ago shown by
Dufour in these insects, is that of a long vessel

convoluted ujion the colon and emptying itself

into an oval or kidney-shaped vesicle on each
side of the colon, and terminating in a single

duct close to the anus. Dufour found the

minute vessel on the colon connected with an
aggregation of rounded glandular bodies, each
connected with the vessels by a very minute
filament, but we have overlooked this structure

in our own examinations. Neither have wre

seen it in tlie Dj/ticida, in which each urini-

feious organ commences in two apparently
cu'cal tubes, which, after licing a little convo-
luted, unite into one which empties itself into

a vesicle on each side of the colon and rectum.
Similar vesicles have been shown by Dufour in

the Stap/ii/linida, as in Slaphj/Unus crylhropteria

and in the SUphuitt, in both which we have
ourselves distinctly seen them arising by a
single vessel wliich empties itself into an urinary

bladder on each side of the anus. In the

Silphiita this bladder opens directly into the

termination of the rectum.

The adipose tissue.
—

^This tissue, which it is

necessary to allude to in connexion with the

organs of nutrition, consists of an immense
number of little trdns|)arcntniembrdnous vesicles

filled with opaque adijiose matter, which, in

the generality of insects, is perfectly white, but
in others, as in the butterflies, is of a bright

yellow colour. The vesicles are usually very

irregular in form, being sometimes nearly oval

and at others elongated or triangular. Tliey

communicate freely with each other and form
a most intricate web or reticulated structure.

They cover the whole of the abdominal viscera

• Straus Durckhcim.Considerai, &c, 1828, iv. 251.
t I/lnsiimi. 135.
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like the omentum of the lughcr animals, and
they are extended also amona; tlic muscles,
between wliitli they occupy tlie interstices, both
between the different layers and tlie tegumen-
tary skeleton. They do not form in the abdo-
men one continuous surface like the mesentery,
but are simply attached to each other, and to

tlie surrounding structures by constricted por-

tions, which allow of the freest communication.
They are most abundant in the abdomen, but
are extended into the thorax and cover more
particularly the nervous cord. There are but
very few in the region of the head or in the

extremities. We have never yet seen them
in actual communication with bloodvessels,

although we have observed them attached by
minute points along the whole course of the

dorsal vessel, in the abdomen, as if they were
in some way connected with the return of the

blood to the auricular space that appears to

surround that organ. It is amongst these

vesicles in particular that the Malpighian or

so-called biliary vessels extend around the

alimentary canal, and the tracheae ramify among
them in the greatest abundance, but we have
not observed them distributed over the sides of
individual vesicles as over some other structures.

These circumstances lead us to suspect that

the vesicular structures are in some way con-
nected with the circulatory system, although

they cannot be regarded either as arteries or

veins. May they not serve the purpose of
lymphatics, while they become at the same time
depositaries of the nutrient matter? Oken and
Treviranus appear to have considered them as

analogous to the liver, and the latter author
has supported his opinion by the existence of a
somewhat analogotis structure in the scorpion,

which is believed to be the liver of that animal.

Tliat they are most intimately connected with

the function of nutrition is proved by the cir-

cumstance that they exist in the greatest

abundance at the period when the larva ceases

to feed, just before it enters the pupa state;

that their contents are gradually diminished
during that condition ; and that they disappear
most rapidly towards the latter end of the

pupa state, when the organs of generation are

in the most rapid progress of development.

AAer the insect has entered the perfect state

their contents have nearly disappeared. Added
to these circumstances we have observed that,

during the earliest periods of the larva state,

the quantity of adipose substance contained in

the vesicles is very small, and also that in all

perfect insects that pass the winter in a slate of
liybernation the quantity of adijwse matter is

much greater than in those which do not live

through the summer, while it has nearly all

disappeared in these insects after they have left

their hybernacula in the spring. We have
remarked these circumstances particularly in

tlie later broods of butteiflies, which being
hatched at the end of autumn pass the winter

as hybernants and appear again in the spring,

and we have constantly noticed the same thing

in the large females of Hombus terrcstris, which
live through the winter. From these circum-
stances there can be no doubt but that the
adipose matter is intimately connected with the

function of nutrition and tho circulatory system,
while the free communication which we have
constantly observed to exist between the vesicles

seems to favour our opinion that they may
serve the office of lymphatic vessels. That
they cannot be supposed to answer the purpose
of a liver seems evident from tlie increase and
diminution of their contents at certain periods,
while their apparent connexion with the Mal-
pighian vessels seems to support the opinion we
have advanced, more especially ifthese be regard-
ed as uriuiferous rather than as biliary organs.

Circulatory si/stem.—It was formerly sup-
posed that there was a total absence of a circu-

latory motion of the fluids in insects, and that
the whole body was nourished by a simple
imbibition of fluids that occupied the cavities

of its different regions. This opinion was
strengthened by the circumstance of the air-

vessels being distributed to every separate
structure and ramifying extensively even upon
the most delicate organs, a fact so remarkable
that it appeared entirely to obviate the necessity
for a motion of the fluids, and led to the pro-
mulgation of Cuvier's beautifully ingenious
theory, that as the blood could not be carried to

be aerated in a separate organ or lung, the air

was in consequence brought into contact with
it throughout the whole body. But the dis-
covery of Carus in 1827 of an actual motion
of the fluids, and subsequently the discovery
by Straus Durckheim of a structure in the
dorsal vessel, which clearly indicates the true
use of this organ as a centre of circulation,

have sufficiently shown that insects do not
diflfer from other animals in the absence of a
circulation of their fluids, whatever modifica-
tions may exist in the form and situation of
the organs by which it is accomplished.

The heart or great dorsal vessel (fig. 433, A)
is an elongated tapering organ, which, in every
insect, occupies the middle line of the dorsal
surface of the body, and extends from the
posterior part of the penultimate segment of
the abdomen, through the thorax, into the first

segment or head of the animal. That portion
of it which is situated in the abdominal region
is the proper analogue of the heart of other
other animals, and is composed of a certain

number of separate compartments or chambers
(a). It is distinctly muscular, and is of con-
siderable diameter, and is that part which is

actively employed in circulating the blood.
The other part which extends through the thorax
is much narrower than the preceding, and is

not divided into chambers, but is one conti-
nuous vessel that becomes gradually narrower
as it passes through the thorax to the head,
where it is divided into separate branches (B).
This part is less actively employed than the
abdominal, being only the great vessel through
which the blood is sent from the muscular
heart to the system, and, consequently, repre-
sents the au?ia. In the structure of the abdo-
minal portion or true heart we recognize three
separate coats, two of which are most distinctly

marked, and form the substance of the organ;
but the third or external one is very delicate
and not easily observed. Straus Durckheim
recognises but two distinct structures, the
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Fig. 433.

^:^%

A, dortal veael or heart of Lucanus cervui.
a, the valves or chambers ; 6, 6, the. lateral mus-

cles ; c, the supposed auricular space around the
vessel.

B, the divmnn into vftselt of the anterior or aortal
portiort of l/te dorml vessel in the Uirra of Vanessa urtica,

C, interior of the dorsal vessel ( Straus).
a, interior of the valve, showing the transverse

fibres ; 6, the auriculo-vcntricular opening and
valve into the chambers of the vessel ; c, semi-
lunar valve ; d, inter-ventricular valve.

internal one (C, n) formed of a transversely
folded and striated membrane which is thickest
towards the middle of each chamber, and an
external one formed of strong, smooth, mus-
cular, longitudinal fibres. Uurmeister* has
suijfgestcd that Utese may be only two layers of
oi\e muscular structure, and that the presence
of a structureless lining or inner membrane
must then be presumed, although it be too
delicate to be actually detected by observation.
The third or external coat is a transparent struc-
tureless membrane which covers the outer

VOL. II.

• Op. cii. p. 156.

surfac« of the heart, and is extended directly

over It without following the reflexions inwards

of the muscular coat, where it forma the valves

or sc|)arations between the dillcrcnt chambers.

The division of the organ into se|)arale cham-
bers is effected by means of an intussusception

or reflexion inwards and forwards of the whole
muscular structures. A |)ortion of each side

of the heart is first extended inwards so as

very nearly to meet a corresponding portion

from tlie opposite side, and then reOecteu back-

wards forms, according to Straus,* tlie inter-

ventricular valve ((/), which se]nrates each

chamber from that which follows it. Posteriorly

to tliis valve, at the anterior part of each cham-
ber, is a transverse ojjening or slit (i), the

mtriculo-ventricular orifice, tlirough which the

blood passes into each chamber, and imme-
diately behind it is a second but much smaller

semilunar valve (c), which, like the first, is

directed forwards into tlie chamber. It is

between these two valves on each side that the

blood passes into tlie heart and is prevented

from returning by the closing of the semilunar
valve. When the blood is passing into (he

chamber the inter-ventricular valve is thrown
back against the side of the cavity, but is

closed, when, by the contraction of the trans-

verse fibres, the diameter of each chamber is

narrowed and the blood is forced along into the

next chamber. Tlie number of these openings
and chambers in different species of insects

does not yet appear to have been satisfactorily

ascertained. Straus has figured nine chambers
in Metolontha, and conse<]uently eiglit pairs of
openings, but we have not been able to observe

more than seven pairs of openings in Lucanus
cervus, in which the anterior pair is almost
hidden at the commencement of the aorta.

Burmeisterj- states that he could not find more
than four pairs of openings in the larva of

Calosoma, while he remarks that according to

Mtiller's description of the heart in Phatma
there appears to be but one pair in that species.

In Bombus termtrit we have as yet detected

but five pairs, but we nevertheless suspect that

these cliscre|>ancies, or apparent differences in

tlie number of these openings, arise less from
so great a diversity in the actual number than

from some of them being overlooked during

dissection, since we have invariably found eight

[lairs ill Sphinx ligustri, both in the larva and
perfect state, as well as in other Lepidoptcra;

while in the Bombus examined by us tlie

dissection was not so carefully made as to

enable us to state positively that there are not

more than we have mentioned. The external

form of the chambers in the very thick and
muscular heart of Luciitius is shown in the

drawing we have given of this structure. When
the heart is examined by transmitted light, there

is seen around it a bright space (A, c) in which
we have observed the blood flowing very freely

in living spe; imcns of Af-rion, and which we
regard with Straus as an auricular cavity,

apparently bounded by a loose membrane, and

* Considcrat. &c. p. 356.

t Op. cit. p. 154.
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into whidi the blood is receiTcd both in return-

ing backwards from the bead and tliorax

and laterally from the sides of the abdomen.
We have observed a similar space in many
insects, particularly in Asilus crubroniforniis

(Jig. 434, D), and also in Bombus terrestris.

Fig. 434.

One valve of the heart of Aailm crdbronlformis.

a, the chamber; b, the lateral muscles; c, the
auricular space ; the arrows denote the course of
the blood.

In this insect we have observed the fibres of
the heart crossing each other in an oblique di-

rection, forming as it were a series of festoons
around the posterior part of each chamber.
These, like the transverse fibres observed in

Mdohntlm by Straus, contract the diameter
of each chamber, and extend the vessel. Be-
sides the proper muscular structure of the heart
itself, there are attached on each side of the
organ several sets of muscular fibres, arranged
in pairs along the upper and under surface of
each chamber. Each set of these fibres, con-
verging to a tendon, and passing outwards,
forms a triangular muscle (A, b, b), which
is attached to the lateral surface of each seg-
ment. These, which have been called t/ie

wings of the heait, assist by their contraction
to shorten and expand the chambers at the
auricular, or receiving period of the heart's mo-
tions, while, as just explained, the transverse
and diagonal muscles occasion the ventricular,
by their contracting and narrowing the diameter
of each chamber. It is between the upper and
under set of the lateral muscles that we believe
the auricular space to exist, bounded by a de-
licate membrane. The thoracic or aortul por-
tion of the heart commences at the anterior
part of the first abdommal segment, where the
organ bends downwards to pass under the
metaphragma, and enter the thorax. When it

has entered that region it immediately ascends
again between the great longitudinal dorsal
muscles of the wings, and passes onwards
until it arrives at the posterior margin of the
pronotum; it then again descends and con-
tinues its course along the upper surface of the
o-sophagus, with which it passes beneath the
cerebrum, anterior to which, and immediately
above tlie pharynx, it is bifiircated and divided
into several branches, as formerly noticed by us
in the sphinx.* Previously to our notice, how-

• V\M. Trans. 1832, p. ii. p. 385.

ever, Carus had seen the course of the blood

in the head of insects following directions cor-

responding to the situations in which we have

been able to trace a distinct division of the aorta

into vessels. We have found a similar division

of die aorta into branches in several species of

Coleopterous insects, as in Melue, lUuf>s, and
Timurchu, although we have omitted to trace

it in Lucanus. In the Sphiiix and Va>iesia

vrticie, immediately after the aorta has passed

beneath the cerebrum it gives oft' laterally two

large trunks, wliich are each equal in capacity to

about one-third of the main vessel. These [jass

one on each side of the head, and are divided

into three branches, which are directed back-

wards, but have not been traced farther in conse-

quence of their extreme delicacy. Anterior to

these trunks are two smaller ones, which appear

to be given to the parts of the mouth and an-

tenna?, and nearer the median line are two others,

which are the continuations of the aorta. These
pass upwards and are lost in the integuments.

The whole of these parts are so exceedingly

delicate that we have not as yet been able to

follow them beyond their origin at the termina-

tion of the aorta, but believe them to be con-

tinuous with very delicate circulatory passages

along the course of the tracheal vessels. It is

in the head alone that the aorta is divided into

branches, since throughout its whole course

from the abdomen it is one continuous vessel,

neither giving oft' branches nor possessing la-

teral muscles, auricular orifices, or separate

chambers. In the larva stale it is far more
difficult to recognise the true structure of the

vessel by actual dissection than in the perfect,

because the valves are only in a rudimentary

condition. But it is easy to observe it in the

bodies of living transparent specimens, as done
by Carus, Wagner, Bowerbank, and others in

the Eplicmeridte and Agrionidte, in which not

only the form of the valves and motions of the

vessel are distinct, but also the abundance of

globules that circulate in every direction. Even
in some of the opaque-bodied maggots of Dip-
tera we have seen the form of the valves very

distinctly through the te>;uineut in the eight

posterior segments. When viewed in that state

each chamber appears to be much narrower at

its anterior and posterior extremity than in its

middle (Jig. 358, D), and the valves formed
by the reflexion of its parietes inwards, although

distinct, are very small. Near the middle of

each chamber there is attachetl on each side a

narrow muscle, which passing backwards is

attached to the anterior margin of each seg-

ment. Between the muscle and the heart in

each segment, a large tracheal vessel crosses to

anastomose with its lellow on the opposite side,

and on each side of the dorsal vessel, nearly

in the course of the lateral muscles, there is a
faint indication of a line which seems to form
the boundaiy of what we regard as the auricular

space in which the blood is collected before

passing into the chambers, of which there are

eight very distinct ones in these larvae.

The motion and course of the blood, as will

be seen from the above account of the structure

of the chief organ of the circulation, is first



INSECTA. 979

iliiectly forwards in tlic middle line of the

body, and then backwards by llie sides of tlie

thorax and abdomen, to tlie lateral and pos-

terior jKirts of the heart, into whicli it is re-

ceived, by means of tr.iiisverse currents in each
segment, tlirough the auricular sjKice and ori-

fices. This course, as discovered by C'arus, is

indic-atod in the description and diagram given

in a former part of this work.* The blood,

which is usually of a very transiiarent greenish

or yellowish colour, is filled with a great num-
ber of little particles, which were described by
Carus as oblong or oval, but more correctly

by Mr. Bowerbankf as flattened oat-shai)ed

masses, which retain their form while circu-

lating through the IkkIv, but like the particles

of blood in Verlebrata become globular imme-
diately they are brought into contact with water.

It is staled by Hurmeister J that they vary in

diameter from jjjth to jjjlh of a line, but they

ditlt^r also in size in the same individual, and
are often rough or tubcrculated as noticed by
£dwards,§ and as distinctly seen in the blood of

S/)/iinjc ligiistri. The motions of the blood, ren-

dered perceiJtible by the presence of diese par-

ticles, was first observed by Carus in the aqua-

tic larva of Kphemera, in which, as in other

aquatic transparent bodied larva;, the particles

are very distinct. Baker|| and some of the older

observers in this country had long before seen

motions of the fluids in the limbs of some in-

sects, but Carus first discovered the existence

of a complete circulation. Carus saw the blood

distributed in several streams from the aortal

extremity of the dorsal vessel in the head re-

turning in currents, that entered the base of the

antenna: and limbs, in which it formed loops,

and then flowing into the abdomen entered the

heart at its jwsterior extremity. VVagnerU con-

firmed Cams' discovery, and added some new
obsei'vations. lie saw the blood flowing back-

wards in two venous cunents, one at the sides

of the body and intestine, and the other along-

side of the dorsal vessel, and he discovered

that the blood not only entered at the ex-

tremity of the dorsal vessel, but also at the

sides in each segment, at the valves discovered

by Straus. Itoth Carus and Wagner, however,

believed lliat the currents of blood observed

by them were not inclosed in distinct parieles

or vessels. Mr. Bowerbank,** in repeating these

observations, saw also the blood distributed by
the dorsal vessel forming loops in the antenns

and limbs, and then passing backwards in la-

teral and transverse currents, enter at the valves

into the florsal vessel . And he also observed

and clearly defined the structure and action of

the valves. lie discovered, however, that the

currents of blood along the sides of the body
are really inclosed in distinct parietes, and

do not flow 111 the common abdominal cavity,

* See Article Circci.ation, vol. i. p. 652, fig.

325.

t Entomql. Mag. vol. i. p. 244.

X Op. cit. 40t.

\ Art. BIOOD, vol. i. p. 408.

II
(>a ihe Microscope, vol. i. p. 130.

11 Isis, 1832.
>* Eutomological Mag. vol. i. April, 1833, p. 239.

as previously (opposed, the boundaries of the

vessels inclosing these currents being clearly

definable. He has also expressed his belief

that a " much greater portion of the circulation

than we c-an clearly define is carried on within

given vessels, as the blood m;iy frequently be

seen flowing in curved and other lines, and con-

fined within very narrow limits, but so deeply

seated amidst the muscles and intestines as to-

tally to prevent the boundaries of the current from

being clearly observed." We are ourselves most

distinctly of the same opinion, having formerly,

through tlie kindness of Mr. Howerbank, been

allowed to examine the circulation in Ephemera
by means of his powerful microscope. We
believe also that we have seen distinct vessels

passing transversely across the dorsal surface of

each segment, in the direction of the anterior

part of each chamber of the dorsal vessel,

in tlie large pupie of Acheronlia Atropot and
Sphinx tigustri,* but whetlier these are vessels

returning to or distributed from each chamber,

as we are most inclined to believe, is not cer-

tain. If they be not vessels distributed from
the heart, it is a somewhat curious circumstance

that the whole of the blood should be first sent

to the head of the insect, and the viscera of

the abdominal region \ie nourished only by Ihe

returning blood, which has in part passed the

round of the circulation. The only instance

in which vessels had previously been supjKised

to be distributed directly from the heart in the

abdomen was pointed out so long ago as 1824

by Professor Miiller,t who discovered a con-

nexion of the oviducts with the inferior surface

of the organ in many insects ; but these were

afterwards believed by Carus, Treviranus,

Wagner, and Hurmeister to be only ligamen-

tous connexions. We have observed these con-

nexions in many insects, and certainly believed,

when we first noticed them, without being

aware that they had previously been seen by
Miiller, that they were vascular structures. We
have traced them, especially in the Curabiiltt,

into direct connexion with the organ, but have

been unable to obseri-e at what point the cavity

of the ovarial tubes commences, or where Ihe

supposed ligamentous portion begins. We
have seen these connexions not only in the

perfect insects but also in the larva, more es|)e-

cially in tlie males of Sphinx tigmtri and
Odunestis potutoria. In these lanae the two

oblong testicles, not united into one mass as in

the perfect state, are each attached, side by

side, by two short filaments to that chamber of

the dorsal vessel which is situated iu the ninth

segment. One of these attachments proceeds

from the anterior and the other from the pos-

terior \an of each testicle. Now, if these at-

tachments be not distinct vessels, it is remark-

able that these glandular and secretory organs

should always be connected by mere ligaments

with the great circulatory organ, since, if the

object of their connexion were merely to retain

them in their place in the abdomen, it would

* Dr. Rogel'a Bridgewater Treatise, vol. ii.

p. 245.

t Nova Acta Nat. t. xU. 2.
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probalJy be as well answered by an attachment to

any olhtr pHrt. These considerations certainly

lead us to hesitate to admit that they are mere
ligaments. Whatever be their nature, as Miiller

has observed, tlieir existence is indubitable.

Besides the parts now described, there is

also another wiiich is connected with and
forms part of the vascular system, but the ex-

istence even of which has hitherto been almost
overlooked. This is a distinct vascular canal,

which is extended alone; the upjier surface of
tlie abdominal portion of the cerebro-spinal

cord in perfect Lepidopterous insects, and
which we have traced from the thorax to the

termination of the cord. We have designated

this structure the supra-spinal vessel. It is

placed immediately above the cord, and is

covered by transverse muscular fibres, which
exclude it from the common abdominal cavity,

and give to the whole cord, when removed from
the body and examined by transmitted light,

a flocculent appearance. This appearance was
first noticed by Lyonet,* but the vessel between
it and the cord was not detected by him. It

was subsequently figured and described by us
in tlie Sp/iinx,-\ and the whole of our recent
observations! have confirmed the opinion we
then entertained of it. It is a most distinct

structure in the abdomen of the Sphinx, and
may be readily seen after the abdominal cord
has been carefully removed from the body with
its surrounding structures and placed for some
time in spirits of wine. We believe this vessel

to be the chief means of returning the blood
from the middle and inferior portion of the
body to the posterior extremity of the dorsal
vessel or heart, and that it is analogous to a
structure which we have found to be a supra-
spinal vessel § in the Scorpion and Centipede,
that had previously been supposed to be a
loose and easily detached portion of the nervous
system, but which is now proved to belong not
to the nervous but to the vascular structures.
We are strongly inclined to suspect that this

supra-spinal vessel in insects is coimected with
the anterior portion of the dorsal vessel or
aorta, in a manner similar to the connexion
which was shown by INIr. Lord|| to exist be-
tween the corresponding structure and the heart
in Myriapoda. (SeeMvRrAPODA.) We believe
also that we have seen a corresponding vessel in
the larva ofthe Sphinx, but of so delicate a struc-
ture as almost always to elude detection. It will
thus be seen that the blood certainly flows in
distinct vessels, at least in some parts of the
body in (lerfect insects, and that vessels exist

even in the larva. But although a circulation

of the blood has been seen by Carus, Wagner,
and others in many perfect insects, it has been
shown only in the appendages of the body, and
in those chiefly in recently developed specimens,
while it has been supposed to move only in in-

* Rccbcrclcs sur I'Anat. et Ics Mctam. <lc diffe-
rentes Especcs ci'Insectcs. Paris, 1032, p. 505,
pi. lii. fig. 18. and pi. liv. fig. 2.

t Pliil.Trans.p. ii.l834.p.39.5, pi. xiv. fi?.9(a)
} Medical Gazette, March 17, 1838, p. 973.
« Id. March 17, 1838, p. 971.

il
Id. March 3, 1838, p. 893.

tercellular spaces and not in distinct vessels.

This opinion, however, is now invalidated by
our discovery of a supra-spinal or great ventral

vessel. A motion of the fluids has been seen

by Carus in the wings of recently developed
]Jbclluliihe, JiphcmiTU lutea, and K. uiargi-

nutu, and Cliri/supu perla; among the Coleo|>-

tera in the elytra and wings of Lampi/ris ilalica

and L. splendidula, MehiUmtliu solstilialis, and
Di/licus. But Carus was unable to detect it

in the wings of Orthoptera, although, accord-

ing to Humboldt,* Ehrenberg has seen it in a

species of Mantis, and Wagner in the young
of Nepa cint-rea and Cimcx kctularius among
the Hemiptera; but it has not yet been ob-
served in the Hymenoptera. Rurmeister has

seen it in Kristulis tenux and £. nontirum

among the Uiptera, and Mr. Tyrrelf in Mmca
domestica as well also as in Gvophilus and Li-

tliobitis J'orjicntus in the Class Myriapoda. In

addition to these Mr. Bowerbank has seen it in

one of the Noctuida; Phlvgujihora melicu-

losaX in the Order Lepidoptera, in which it

was seen also in the rudimenud wings of some
pupa; by Carus. Some of the most interesting

observations that have yet been made u|)on

the motions of the blood in these organs are

those of Mr. Bowerbank § in Chrysopa pcrla.

Mr. Bowerbank found that in the lower wing
of this insect the blood passes from the base

of the wing along the custuly pust-costiil, and
extcrno-mediul nervures, outwards to the a|iex

of the organ, giving off smaller currents in its

course, and that it returns along the anal or

inferior nervurc to the thorax. He states that

the blood occupies the chief part of the cavi-

ties of these nervures, in each of the largest of

which is a very small trachea. From this

statement it has been rather hastily concluded

that the nervures of the wings are only venous

trunks, or passages for the circulatory fluids,

and are not formed, as hitherto supposed,

chiefly by ramifications of the trachea;. He
found trachea; existing in the larger of these

cavities, which measured only ijiith of an inch

in diameter, while the cavities themselves mea-
sured ,^5 of an inch ; but in others the trachea;

measured iJjsUi, while the cavity measured o[dy

jjjth. He states also that the tmcheie very rarely

give off' branches while passing along the main
nervures, and that they lie along the canals in

a tortuous direction. In consequence of these

most interesting observations we have examined
the wings of some dried specimens of this in-

sect, and have found that there exists, as Mr.
Bowerbank remarks, a very large and perfectly

transparent space around the trachea;, which is

more or less distinct in diffiirent specimens, but

in a few instances is not observable. But we have

invariably found that the trachea; not only exist

throughout the whole of the ramilications of the

wings, but also give off" branches at every ner-

vure or space along which the fluid passes.

* Burmcister*s Manual, p. 408.

t Proceedings of the Royal Society, Jan. 15,

X Kntomological Magazine, vol. i. April, 1833,

p. 243.

<; Op. fit. vol. iv. Oct. 183t), p. 179, pi. sv.
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Now Uio ophiion to wlucli we have beeii led by
our examirialiotis of driod s)H;ciiiiuns, as we have-

not been so fortunate as to obtain living ones,

since the comnienceincnt of these observations,

is, that every ncrvure contains a distinct tni-

cheal or air-bei\ring vessel, and tliat the free

transparent space by which it is surrounded,
and which is not discoverable by tlie naked
eye, but only by tlie microscope, constitutes

alone the proper circulatory passage; that the

trachea>, which are obvious to the naked eye,

do not simply lie loosely in these spaces, but
th;U the sjiaces lie chiefly at their sides and
uiider-surface. Tliese opinions have been de-
rived from examinations of transverse sections

of the wings of the Chrysopa, at parts in which,
on a previous examination of the surface of
the wing, we have seen both trachesE and the

spaces around them. On cutting the wing
across at diese parts, and then examining the

edges, we have invariably found the trachea;

lioilow, unyielding tubes, while the free spaces
on each side, which appear as if bounded by
the upper and under membrane of the wing,
have appeared collapsed, and almost or com-
pletely closed, so as scarcely to exhibit any
appearance of hollow spaces. On examining
the wing of a dried specimen of one of the

Lepidoptera, Goncpleri/x RJiamni, by trans-

Verse sections, we have in every instance found
the nervures formed of hollow unyielding tubes,

with all the characters of true tracheal vessels,

but have not been able to detect the proper
circulatory s[)aces at the sides ot these nervures,

most i)robably owing to their dried and col-

lapsed state. From these facts we are led to

express an opinion which has been long enter-

tained by us, that the course of the blood,

whether simply along intercellular spaces, or

bounded by distinct vessels, is almost inva-

riably in immediate connexion with the course

of the trachea;. This opinion is founded u|K)n

the circumstance that nearly all the observations

that iiave hitherto been made have shown tliat the

currents of blood in the body of an insect are

oAeii in the vicinity of tlie great tracheal vessels,

both in their longitudinal and transverse direc-

tion across the segments,and it is further strength-

ened by Mr. IJowerbank's observations on the

course of the blood in the wings. During his

observations Mr. Uowerbank observes that he
" has used every endeavour to discover, if pos-

sible, whether the blood has proper vessels, or

only occupied the internal cavities of the ca-

nals ; and that he is convinced that the latter is

the case, as he could frequently perceive the

piirticles not only surrounding all parts of the

trachea', and occupying the whole of the in-

ternal diameter of the canals, but it frequently

happens that globules experienced a momen-
tary stoppage in their progress, occasioned by
their friction against die curved surface of the

trachea;, which somelimes g-ave them a rotatory

motion." He remarks also that the usual course

of the blood through the canals is in one conti-

nued stream, without pulsatory motion, ex-

cepting only when the insect under examination

is struggling to escape, when the continuity of

the stream is broken, and there are occasional

oscillations, »{ which he observed, iii otie in-

stance, ui a vessel wiUiin a sfiacc ol about oiic-

fiftiedi of an incli, twcnty-oue oscillations in a

minute ; and in another, in the same space, so

many as eighty-four. He observed also in in-

sects that had been captured and in confine-

ment for several days, that the motions of the

fluid became exceedingly languid and almost
entirely ceased. Thtse observations are exceed-
ingly interesting in refertnce to tlie general

velocity of the circulation, and tlie means by
which it is carried on in the wings. The entire

absence of pulsations is remarkable, as it com-
pletely identifies these vessels as veins, since it

IS well known that the circulation is carried on
through the body by means of regular pulsa-

tions of the dorsal vessel. Tlie number of these

latter pulsations varies greatly in different insects.

Thus llcrold found from thirty to forty in a minute
in a full-grown caterpillar, and from forty-six to

forty-eight in a much younger one; Suckow ob-

served but thirty, in llie same space of time, in a
full-grown caterpillar of Oattropitcha pini, and
eighteen only in its pupa state. But in one in-

stance, when the insect was in a state of the roost

violent excitement,we have counted one hundred
and forty-two in a female of Anthophora re-

titsa. In a number of these insects captured

just aAer they had left their hybernacula in the

month of April, and confined for some time in

a breeding-cage, we have found that the num-
ber of pulsations varies, as might, a priori, be
supposed, according to tlicir state of excite-

ment. Thus on exposing the dorsal vessel in

the morning, before the insects had been excited,

we found the number of pulsations was about
eighty per minute ; at ten o'clock, when they

had become active, the number of pulsations

ranged from one hundred to one hundred and
ten ; but at three o'clock in the afternoon, when
the insects were quite lively, and had been
exposed to the sun for an hour or two, the

number of pulsations amounted to one hundred
and forty; while on another occasion, on a cold

dull morning, when the bees were languid, the

number of pulsations did not exceed seventy-

five in any specimen that was examined. It

has usually been supposed, since the discovery

of a circulation in insects, that the pulsations

arc more fre()uent in the larva than the perfect

state ; but this certainly is not the case, if the

mean number of observations in the two states

be compared. Thus in a series of observations

made by us on the Sphinx ligtatri,* from the

fourth day after the larva had left the egg until

the perfect insect was developed, it was found

that before the larva cast injirst skin the mean
number of pulsations, in a state of moderate
activity and quietude, was about eighty-two or

tliree per minute ; before casting its second skin

eighty-nine ; while before casting its third it

had sunk down to sixty-three ; and before its

Jhurth to forty-five, while previously to leaving

its fourth, and before it had ceased to feed, pre-

paratory to entering the pupa state, it was not

more than thirty-nine. "Tlius the number gra-

dually decreases during the growing larva state,

but the force of the circulation is very much
augmented. Now when the insect is is a slate

* Phil. Trans, p. 2, 183T.
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of perfect rest, previously to choiiging its skin,

tlie number is jirctty iiceirly ecjual at each pe-

riod, being about tliirty. When the insect

has passed into the pupa state it sinks down to

twenty-two, and subsequently to ten or twelve,

and after that, during the period of hybernation,

it almost entirely ceases. But when the same
insect which we had watched from its earliest

condition was developed into the perfect state

in May of the following spring, the number of

pulsations, after the insect had been for some
time excited in flight around the room, amounted
to from one hundred and ten to one hundred

and ihirty-nine; and when the same insect was
in a state of repose, to from forty-one to fifty.

When, however, the great business of life, the

continuation of the species, has been accom-
plished, or when the insect is exhausted, and
perishing through want of food or other causes,

the number of pulsations gradually diminishes,

until the motions of the heart are almost im-

perceptible. Insects, then, do not deviate from
other animals, as has been supposed, in re-

gard to their vital phenomena, although it has

been somewhat curiously imagined that the

nutrient and circulatory functions are less

active in the perfect than in the larva condition.

This supposed inferiority has been attempted

to be accounted for on the hypothesis that as

insects no longer increase in size after entering

the perfect state, there is but little expendi-
ture or waste of body, and diat, consequently,

(hey must require less nourishment. But we
have elsewhere shown * that the expenditure of
the body, whether in the larva or perfect slate,

is in the ratio of the amount of activity and
length of life of the insect, while it will be
remembered that those insects which exist but
for a short time in the perfect stale, and take

little or no food, invariably have a supply
of nourishment stored up within their own
bodies, in immense accumulations of adipose
matter; and that those which exist for a long
period have within themselves only a small
quantity of nourishment, but are by no means
sparing in the quantity of food daily consumed
by them, being, as they often are, some of the
most voracious of the insect race.

Organs of respiration.—All perfect insects,

whether inhabitants of air or water, breathe air

alone; but some larvae, that are constant in-

habitants of water, respire the air which is me-
chanically mixed with the water, by means of
branchidE ; but respiratory organs in the form of
tracheae (fig. 435) are almost as extensively

distributed throughout every part of their bodies
as in the perfect insects. We shall divide the

respiratory organs into external and internal.

The external are of three kinds, xpiracles, tra-

c/ieie, and brttiichia:. The internal are either

simply truclieal, or trucheid and vesicular.

'ihc spiriiclcs are apertures situated along the
sides of the body communicating directly with
the internal respiratory organs. They are
usually nine in number on each side. In Hy-
nienopterous larvx> there are ten. Each spi-
racle consists of a horny ring, generally of an
oval form, within which is a valve formed of a

• Phil. Trans, p. 2, 1837,

Fig. 435.

Portion of a tracJieal vessel of the larva of Vanessa

urticce, shewing^ a, the spiral ftbre ; and b, the

loose investing covering, (^Ncwjwrt, Phil. Trcnis.)

series of converging fibres, and which opens

perpendicularly in its long axis, guarding the

external entrance. At a little distance within

this valve the spiracle is somewhat enlarged,

and there is a second valve of a more com-
plicated form. This has already been noticed

in our account of the muscular structure, but

we must again describe it in connexion with the

respiratory organs. The anterior half of this

inner or second valve is strong, immovable,

and of a horny texture, of the colour of tortoise-

shell. It is thin and lunated at its margin.

The posterior half is thick, rounded, and freely

moveable, and closes on the anterior like a

cushion or pad. This is the structure of the

spiracle in the Sphinx and most other insects.

But in some, in which the spiracle is concealed

beneath a portion of the skeleton, the horny

external ring is absent, and instead of it the

entrance, or margin of the spiracle, is merely a

little thickened and fringed with short hairs.

This description of spiracle exists in the pro-

thorax of some Coleoptera and Orthoptera

as in Gri/llolalpa, in which one portion or lip

overlaps the other, tiius forming as it were an
outer valve or lid. In other instances, as in the

Lamellicornes, the spiracles of the abdomen
are very minute and circular, and their open-

ing appears to be cribriform, or at most only

very minute, and surrounded by short hairs.

In others, again, as in some larva, the spiracles

consist of a broad margin with a narrow

middle space and central aperture that leads

immediately into the tracheal vessel, the open-

ing into which is exceedingly small. The size

of the spiracles in different parts of the body
varies very much in different insects. Those
of the abdomen are always much smaller than

those of the thorax, and the most posterior ones,

whicli were of great imporlauce in the larva
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st-ite, are almost or entirely imperforate in the

perliect. TIh; reason for this ainxnini to result

from tlie changes tliat take place as recards

the region of the body in which respiration

is chiefly carried on in the two states of
the itise<t. In the larva state respiration is

carried on chiefly in the abdominal region, but
in tlie perfect the chief part of tlie body con-

cerned is the thorax. It is through the tho-

racic and first pair of abdominal spiracles that

nearly the whole of the air enters and is ex-

pired at each act of respiration, and conse-

quently it is found tliat the spiracles in those

parts are very much larger than in the abdo-
men. The largest spiracle is usually the pro-

thoracic, of which we have an example in

Geolrupcs and Cryltvtiiljiu, and the next

Iar8;esl, as in Ocotriipex, is the first abdominal.
The siliiutium in which the spiracles are placed

also vary considerably in ditiierent insects. In

Coleoptera and Orthoplera tlie first pair are si-

tuated in the membrane between tlie pro- and
meso-lhorax, and the remaining ones in the

meso-* and meta-thorax and following seg-

ments of the abdomen. There is also a similar

arrangement of the spiracles in Ilemiptera.

But in other insects, as in the larvse of Lepi-

doptera, the first spiracle is situated in the pro-

thorax, and the remaining eight pairs in the

fifth and succeeding segments to the twelfth ;

while in the larvae of liyraenoptera, in which

there are ten spiracles on each side, they are

placed in the second, third, fifth, sixth, and
succeeding segments to the twelfth.

The second form of external respiratory or-

gans, as Uurmeister remarks, are simply elon-

gated spiracles, and are louud only in those

insects which reside almost constantly in the

water, but breathe pure atmospheric air, for

which purpose they come to the .surface of the

water at intervals to respire. They are short

horny tubes, which in some instances are sur-

rounded by plumose seise. They are always

open at their extremity, and in general project

beyond the body. They are chiefly met with

ill the aquatic Ilemiptera, as in Hepa (Jig.

352) and littnutm, and are usually two in

number, jirojecting from the extremity of the

abdomen. In Nepa they are about half the

length of the body, and in Ranatra as long as

the whole body itself. It is through these

tubes that the wliole of the respiratory function

is performed, and the air both inspired and ex-

pelled. They exist also in the larvs of the

DyticiiLe and Hj/tlrophUido!, in which they

are the only respiratory |>assages, although it

lias iieen thought by some that lateral spiracles

exist also in these larvae, as subsequently found

in their perfect insects. This form of respira-

tory organ exists also in the aquatic larvse of

some Diptera, as in tlie rat-tailed maggot,
ErUtalis, and the larva of Strutinmi/s. In the

latter instance the insect supports itself at the

surface of the water by a coronet of radiating

seta;, in which it includes a bubble of air, and
descends with it to the bottom of pools for

the purposes of respiration, and comes again

* StraiM.

to the surface for a fresh supply wlien tlic store

it lias citrried with it is exhausted. ITiese or-

gans are thus distinct from those by means of

which the insects respire tlie air mechanically

mixed with the water.

hranrhia constitute the third form of ex-

ternal respiratory organ. This form is met
with only in tlic larva and pupa state. These
oruaiis are always situated at a part of tiie body
at which t)ie spiracles are subsequently to exist,

lliey are formed, as in the larva; of Amphibia-, of

extensions outwards of the exterior or cuticular

surface of the body, and are largely supplied

with bloodvessels, and tracheae ramify within

them, l^iey are never, as in tlie gills of fishes,

developed internally, excepting wlien they exist

at the anal extremity of the body, as in the

LibellutuUr, but are extended from the sides as

in the Tadpole, being simply ex|>ansions of the

external surface. We are not aware that cilia

have yet been observed on these surfaces, but

judging from the analogies of structure and
formation that exist between these parts in

insects and the analogous ones in the larvs of
Amphibia, there seems reason to expect that

they do probably exist. The necessity for such
structures on the branchiae may, however, be
rendered less imperative from tlie voluntary

power which the insect itself possesses of
moving the branchiae at pleasure, by which
tlie function of cilia, that of effecting a con-
BUint renewal of the water in contact with the

surface of the organ, is steadily accomplislied.

It is' tlie belief of most entomologists,* that

branchix absorb the air from the water, and
convey it by the minute ramifications of the

tracheal vessels, with which they are abundantly
supplied, and which terminate in single trunks,

into the main tracheae, to be distributed over

the whole body, as in insects which live in the

open atmosphere. This is supported by the

fact that the tracheal vessels, as seen in the

transparent bodies of many aquatic larvse, are

filled with air; but the subject still admits of
enquiry, why in these instances the usual func-

tion of branchia: is so far departed from as to

allow of the air being absorbed from the water
into distinct vessels, to be distributed over the

whole body, for the purpose of aerating tlie

fluids, rather than that it should be brought
into contact with the blood, and undergo the

consequent changes at the surface of the bran-

chiae, as in the larvie of Amphibia and Fishes.

The branchial of insects are of three kinds.

Tlie first exists in the form of elongated,

slender, hair-like organs, collected together in

tufts, that originate by single stems, as in tlie

larvae and pupte of gnats.f This form is by fiir

the most common. These filamentous parts

are supplied each with a single trachea that is

extended throughout their whole length, and
which is connected with the great longitudinal

tracheae of tlie body. In a very few instances,

brauchix of this form originate separately, and
not in tufts, as, according to De Oeer,{ in the

* Burmeistcr,

t Bunncislcr. op. cit. p. 167,

X Mcmoiro sof lot liuectcs, vol. ir. pi. 13,
fig. 16.19.
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larvm of Gyrinulie, in which they are arranged

along the sides of each segment as short stiff

bristles. This form of branchise is also said to

exist in one solitary species of Lepidoptera,

Hydrocanipn Urutiotuiu,* and perhaps, also,

ill the other species of the same genus, in

which hranchia; of this form exist in the neigh-

bourhood of false spiracles.

The second kind of branchiae exists in the

form of fiat, oval, or lanceolate plates, extended

from the sides of each segment ol the abdo-

men, where spiracles afterwards exist in the

perfect insect. In some instances, as in the

Jgrionidte, these plates exist only at the extre-

mity of the abdomen. In others, as in tlie

EphimeriJie, they exist both at the sides and at

the extremity of the body. This form of

branchiae is found only in the Neuroptera and

Trichoptera. In many of the latter instances

tliese parts possess also tlie additional functioii

of being the chief locomotive organs of the

insect, and remind us stiongly of the branchi-

form organs of locomotion in the post-abdo-

men of many Crustacea.

An anomalous insect, recently discovered by
Mr. Hogg as a constant inhabitant of the river-

sponge, and an account of which was read by
Mr. Westwood at a meeting of the Entomolo-
gical Society on the 3rd of December, 1838,

possesses a third and most remarkable descrip-

tion of branchia. This insect, which was re-

ferred by Mr. Westwood to the order Neurop-
tera, genus Acentrnpm, Stepii. very much
resembles the larva of a neuropterous species,

and has filiform branchia; extended from the

sides of the abdomen, which are distinctly ar-

ticululcd, and apparently five-jointed, Mr.
Westwood informs us that he has distinctly

traced trachea; into the branchiae, and that the

open extremity of each vessel protrudes from
the tip of the branchia, so that in this respect

these organs resemble elongated spiracles.

Very few of those larva; or pup^ tliat pos-

sess brancliioE have any lateral spiracles, ex-

cepting the Culicidif. In some of these, as in

the common Gnat, both larvae and pupa; breathe

by means of large tracheal vessels, extended

outwards to some distance from the head and
thorax, while the body is also furnished with

filamentous branchia;. The larva of C/iiro-

novms, remarkable for its blood-red colour, and
which breathes through tubes, is furnished in

its pupa state with bnuichia;t at a part cor-

responding to that at which the first spiracles

are to appear in the perfect insect. The true

Libclluiida: have neither lateral nor anal bran-

chia-, but, according to Suckow and others,

breathe by means of branchia; in the colon.

Hut in these insects, as in the Ep/iemerida
with lateral branchiip, the acts of respiration are

also those of progression ; since, although the

imbibition and expulsion of water at the anal

extremity are regular and constant, even when
the insect is remaining perfectly quiet, they are

increased both in number and force at every
act of locomotion, and carry the body forward

* Jd, vol. i, pi. xxxWi.
t Buimcistcr, p. 167.

by darts or sudden impukcs. The water is

received at the anal orifice by ati inspiratory or

sucking action, as proved by the circumstance

that small particles of substances floating in

the water are drawn in with the stream at the

anus at each inspiration, and again expelled

from it when the water is ejected, and this oc-

curs with the greatest regularity. The cavity

into which the water is received is a cloaca

distinct from the proper alimentary canal,

analogous to the respiratory cloaca of the IIo-

lothuria and other lower invertebrata.

These external organs of respiration all com-
municate with elongsited trachea;, from which

are distributed oilier branches over the internal

structures. In the larva; of all insects these

internal respiratory organs are simply ramified

tubes, but in perfect insects, and more parti-

cularly in volant species, these tubes are di-

lated into an immense number of niinuto

vesicles, which not only allow of the most ex-

tensive respiration, but also render the body
lighter, by enabling tlie insect to alter its spe-

cific gravity during flight. In all insects the

vesicles are only dilated tracheae, the structure

of which is the same throughout the class. In
the larva of the Sphinx and other insects the

tracheal vessels consist of two elongated tubes,

extended one on each side of the body, and
which on their external side communicate by
very short tubes with the spiracles, and on their

opposite, towards the middle line of the body,

give oft' near each spiracle a large tuft of ves-

sels, about twelve in number, which extending

inwards are distributed over the difl'erent

organs within the body. The chief of these

are distributed to the alimentary canal, while

others pass upwards among the muscles, and

ramify most extensively between them, and arc

given in great abundance to the dorsal vessel.

In every segment other branches are extended

to the median line above the vessel, and anas-

tomose with corresponding branches from the

opposite side of the segment. In the head one

large branch passes forwards from the pro-

thoracic spiracle, and anastomoses with its

fellow from the opposite side above the ceso-

phaguj, behind the brain, and the two thus

united then give off" four branches, which

passing forwards over the brain give oH' branches

that ramify on the surface, and even in the

substance of that orgsin and of the optic

nerves. Other branches are given to the

muscles of the head, the future antennae, and

the organs of manducation. On the under

surface of the body the tracheal vessels dis-

tribute themselves among the muscles, as on

the dorsal surface, some passing beneath the

nervous cord to anastomose with those from the

opposite side, while others are distributed to,

and ramify extensively over the surface of each

gangliated portion ofthe cord, giving ofi' the most

minute branches which penetrate the very sub-

stance of the ganglia (fii;. 415, i, i), and also

that of the nerves themselves, along which otlier

minute branches are extended, so that even the

most important and delicate organs of the

body are plentifully supplied with tracheal

vessels. Other branches of tracheae also pass
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between tlio fibres of the muscular coat of the

alimentary caiiul, and ramify extensively be-
tween the mucous coat and a structure wliich we
have described* as the (ulipose coal, which hes

between the mucous and muscular, as is well

seen in the colon and coecum of the puss-moth,
Ceruru vinuUi, in the perfect state. It is in

this layer that the ramifications of tracheic

anastomose very freely, but do not enter the

mucous or internal coat. Hesides these parts

all the secretory and generative organs are sup-
plied with anastomosing branches in abun-
dance, and trachea; are extended even to the

very last joints of the tarsi in die limbs. The
only parts into which we have not observed
trachesE penetrate are the adiiwse vesicles,

upon which we have not often observed rami-
fications, although branches of trachea are dis-

tributed very extensively among them. In the

larva state the traehetc are always smaller than
in the [lerfect, comparctl with the size of the

individual, and they are smallest in those

apodal larva: of liymenoptcra which reside

long in closed cells, as the Anthophora return,

in which insect the communirations of the

traches across the Ixxly are very distinct, as

was shewn long ago by Swammerdam in the

larva of the hive-bee.

The striidure of the tracheiB has been des-

cribed by Swammerdam, Sprengel, and others.

Sprengel has described the structure as con-
sisting of an external serous and an internal

mucous membrane, inclosing between them a

spirally convoluted fibre C^^.435, a), which is

elastic, and gives to the trachea: the appearance
exhibited by the tracheae in other animals.

The external or serous membrane (6) very

loosely surrounds the spiral fibre (a). The
mucous or internal lining, as we formerly re-

marked, and as noticed by Swammerdam, De
Geer, Lyonet, and Bonnet, is continuous with,

and is thrown off at the change with the external

covering of the larva, and certainly is a distinct

membrane, renewed at those periods, although

Sprengel believes that it is only a means of

connexion between the coils of the spiral fibre,

and not a distinct structure.

The vesicles, or dilated tracheie, exist in the

greatest abundance in volant insects, although

they also exist in a much less developed form
in the Sidtatorial. Tliese vesicles exhibit an
appearance which was formerly noticed by
Swammerdam in Ori/clcs nasicomis, and sub-

sequently by Sprengel in other insects. It con-

sists of an amazing number of punctured spots,

discoverable only under a good microscojie, but

which, when attentively examined, exhibit

somewhat the appearance of perforations. The
precise nature of these spots is not well under-
stood. Dunneister conceives that they are oc-

casioned by the rapture of the spiral fibre

during development, and that the spots are the

spaces between the broken fibres. But Marcel
de Serres and Straus Durckheim deny the

existence of spiral fibre in the vesicles, while

Suckow and Burmeister contend that it cer-

tainly does exist, and we also are of this

• Phil. Tians. 1836.

opinion. Indeed, when it is remembered that

the vesicles exist only in the |x;rfect insect, and
are only ddated trachea:, and that (he existence

of spiral fibre in the trachea: is undoubted,
surely its existence can scsirccly be questioned

in the vesicles, although, probably, it is in an
almost atrophied condition. Now the fact tliat

the spots are not observed on the vesicles

until the insect lias entered tlie perfect state,

was, perhaps, one of the circumstances that

led Bunneister to his opinion respecting them ;

but that they are not caused by ruptured spiral

fibre is proved by tlie existence of these spots

in some of the trachese thatcommunicate direct-

ly with the vesicles, and have not been dilated,

and in which the spiral fibre is unbroken. It

is also shewn by the circumstance of their not
being in a regular series, over Ihe course of the

fibres, but distributed thickly and irregularly

over the surface of the vesicles, and by their

existing in the space between two iiarallel

fibres in the tracheie, and even in the substance
of the fibre, as we have seen them in the

vesicles of the male of Bombus terrestrit. Be-
sides this, they are sometimes seen to terminate

in an abrapt and remarkable manner in tiie

dilatations of the larger trachea: in the same
insect. Tlie results of our own observations

lead us to conclude that these spots are not
ruptures of the spiral fibre, but are partial jier-

forations of the vesicles,—that they do not
pass through the internal or lining coat, and
probably are little cells in the coats of the vesi-

cles, through which the circulatory fluid can be
freely submitted to the action of the air in the

vesicles, as in the minute terminal cells in the

lungs of vertebrata.

The use of the vesicles, as above remarked,
and as formerly suggested by Hunter, ap|>ears

to be to enable the insect to alter its specific

gravity at pleasure, by enlarging its bulk, and
thus rendering it better able to support itself on
the wing with little muscular effort. That this

is the use of tlie sacs may be inferred from
their non-existence in the larva state, or in in-

sects that constantly reside on the ground, more
particularly in creeping insects ; and it seems
further confirmed by the fact Uiat, among volant

insects, those have the largest and greatest

number of vesicles which sustain the longest

and most powerful flight. Thus the vesicles

are found most developed in the Ilymenoptera,

Lepidoptera, Dintera, and some Coleoptera and
Ilemiptera, in all which, in the larva state, there

is not the slightest trace of them. A still

further proof that they are for lightening tlie

body is found in Lucunus cervus. In the

male of this insect the large and heavy man-
dibles and head, but more especially the man-
dibles, are not filled with solid muscle, as in

the Hydriita and others in which these parts

are more in proportion to the size of other

parts of the body, but with an immense
number of vesicles, which in the mandibles
arc developed in the greatest abundance in

rows from long trachese, that are extended
from one end of the organ to the other, so that

the interior is almost entirely filled with vesi-

cles. By this beautiful provision these pro-
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jecting and apparently unwieldy structures

are rendered exceedingly light, while tlieir

solid exterior fits them for all the [jurposes of

strength required by the insect. The large and
apparently heavy body of the humble-bee is

lightened in a smiilar manner. In this insect

and others of the same order, the vesicles are

fewer but very much larger than in Coleoptera.

The lateral trachea' in the abdomen form one
continuous chain of dilatations, whicli are

larger in the males of the species (Jig. 430)

Fig. 436.

The lateral and inferior series of vesicular respi'

ral&ry organs in the abdomen of a male i?ulimdual of
Bombua ierrentris. ( Newport, Phil. Tram.

)

than in the females. The longitudinal tra-

chea; (a), that pass backwards from the

thoracic region, are connected just as ihey
pass dirough the petiole or thoracico-abdo-
niinal segment into the abdomen, by a very
short transverse branch {b), which gives off

two pairs of minute branches into the ab-
domen. The longitudinal tracheje (c) pur-
suing their course onwards are dilated, soon
after they enter the large first segment of the
abdomen, into two enormously expanded
vesicles (_/'), above which is placed transversely

a third and much larger one, which is formed
from the anastomosing branches of the opposite
sides of the segment, and is also connected
with the little branches given otf from the
transverse branch (A). Beneath this large
vesicle passes the dorsal vessel, and between
the tw o lateral ones

( /^ the alimentary canal.

Besides the branches from the transverse trachesE

(6) there are two others from the large tra-

chea; (c), which pass longitudinally backwards,
one on each side of the oesophagus. That on
the left side (e, e) passes as far as the posterior

part of the proventriculus, and then turning
forwards distributes its branches to that organ.

The other on the right {d, </) extends no farther

than the anterior part of the proventriculus,

immediately behind the crop or honey-bag,
upon which it is chiefly distributed. The large

vesicle (./') is connected with the dilated

tracheae in the succeeding segments, and the
whole form one continuous irregularly-shaped

vesicular cavity, which, along its under surface
in each segment, is dilated into a funnel-shaped
transverse trachea (g), that anastomoses with its

fellow of the opposite side, passing beneath
the muscles as in the larva. From the upper
surface of the longitudinal canals similar fun-

nel-shaped dilatations {i, k) pass over the

dorsal surface of the abdomen and anastomose
in like manner with those of tlie opposite side,

besides which single undilated ramifications of
trachea; (A) pass inwards on each side and are

distributed over the alimentary canal. At the

posterior part of the body the vesicular canals

communicate directly by a large branch (/),

from which large trunks are given to the colon
and organs of generation. Thus, then, the

use of the vesicles is distinctly indicated, even
in the ]5eculiar distribution of undilated tracheae

to the whole of the organs of nutrition. The
distribution of single ramified tracheae from
large vesicles appears to be constant in this

order ; it was formerly shown by Leon Du-
four* in Scotia hvrtoruin, and we have always
found it in the Ichneumon ic/tc and other fami-

lies. Burmeister states that he has been un-
able to ascertain whether this is also the case in

Uiptera, in which order the vesicles are both
large and numerous. According to iNIarcel de
Serresf the Asilidte have an immense number
of small elongated vesicles on each side. In
one species they amount to so many as sixty.

Burmeister remarks]; that, in Lepidoptera, the

vesicles in tlie S/j/n/igida: and moths are chiefly

found in the males, which agrees with our own
observations in Ilymenoptera. In Acherontia

Atropos he states also that the existence of

spiral fibre in the vesicles is so distinct as not
to be doubted.

This is the structure of the respiratory

organs in volant insects, but throughout the

class, whether in volant or creeping insects,

there is always a complete anastomosis of the

trachea; on one side of the body with those on
the opposite, as has been well exemplified by
almost all insect anatomists, Swammerdam,
Lyonet, Marcel de Serres, Dufour, Straus, and
others.

The development of the vesicles begins to

take place at about the period when the larva

ceases to feed, preparatory to changing into the

pupa state. At the time when the larva of the

Sphinx enters the earth, and is forming the cell

in which it is to undergo its transformation,

the longitudinal tracheie of the second, third,

fourth, and fifdi segments become a little en-

larged. In the butterfly, Vanessa urlica:,

which does not enter tlie earth, but suspends

* Journal de Physique, Sept. 1830.

t .Mcmoires dcs Museum, torn, iv. p. 362.

} Op. cit. p. 181.
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ituclf vertically to andergo Ui change, the di-

latutiun coinineiico!i wliile tliu iusect iit S|)iniiiiii;

the silken h;m^iii);s liuin which it sus|H:iids

iLstlf; so thul the chiiiiges commence at a

corres|)oiiding period in both insects. It is in

the butterfly diat we have most closely watched
the development of the vesicles. During the

periotl that the insect remams suspended it

makes several powerful respiratory efforts,

accompanied by much muscular exertion, and
these elibrls are continued at intervals untd the

old skin is fissured and thrown off. It is at

this period that the trachese become much en-
larged, as we have found at about Iwo hours
after the insect has suspended itself. Meckel
observetl the sacs soon aAer the insect has

entered the pupa state, but it will thus be seen

that the expansion of the trdcheae in the for-

mation of these sacs commences very much
earlier. At about hulj' an hour before the in-

sect becomes a pupa we have found the whole
of the trachea! more distended, particularly

tliose on the under surface of the tliorax, from
which branches are given to the legs, so that

the elong;ilion of these trachea! is probably

connected with the subsequent rapid develop-

ment and extension of those oncans. At this

period the trachex> of the abdomen have ex-

perienced but little alteration. It is at the

actual period of transformation that all the

changes take place most rapidly. At that time

the laborious respiratory efforts made by the

insect appear greatly to affect the condition of

all the oi-gans. \Vhen the skin is thrown off,

these efforts cease for a few minutes, after

which the abdominal segments become short-

ened, and the circulatory fluid is propelled

forwards, and the wings, then scarcely so large

as hemp-seeds, are gradually distende<i at their

base, and at e-ach respiration are perceptibly

enlarged, and carried downwards over the under
surface of the thorax and first abdominal seg-

ments. Carus* attributes the development of

the sacs, and dilatation of the trachrx, to the

entire closing of the spiracles, and expansion

of the air contained within them, which he

thinks is incrcasedin quantity during die deve-

lopment of the insect. But from the circum-
stance that all the ti'achca; are enlarged imme-
diately after the insect has entered the pupa
state, it seems probable that this enlargement
is occasioned simply by the closing of the

spiracles, and the expansion of the air within

the trachea-, during the )iowerful respiratory

efforts, aided by the receding of the circulatory

fluid from the abdomen into the partially de-

velojicd wings, suddenly removing pressure

from the tracheal tubes, which then become
distended by the natural elasticity of the air

contained within them ; and furUier, that the

subsec|uent enlargement of these tracheae into

distinct bags is occasioned, not by an in-

creased quantity of air in the vesicles, as

Carus imagines, but simply by a continuance

of the same cause diat ellects the first dila-

* tntm<tiiction to Comparative Anatomy, trans-

lated by Ciorr, 1827, vol. ii. p. 1(57.

tation of the trachoo!, the elasticity of the
contained air, since the dilatation appears to

keep pace with the gradually decreasing size

of the digestive organs, and the spiracles are

not |«rmaneiitly closed during the pupa sliite,

respiration being continued at intervals, ex-
cepting perhaps in the most complete state of
hybernation. In accordance with this opinion
we find that, at about hulj an hour alter tlie

change, the pro-thoracic trachetc that ramified

over the oesophagus are enlarged to double
their original diameter, and have begun to be
detached from that organ. At seven hours
tliese changes have been carried much fartlier.

At twelve hours they are still furdier enlarged,
and the principl alteration observed is the
diagonal direction of those from the seventit

spiracles, which supply tlie posterior extremity

of the digestive stomach, owing to that organ
having now become sliorter, previously to its

subse(iuent change. At eighteen hours all the

tracheae of the head and thorax are still further

enlarged, and those from the third spiracle are

detached from the cardiac extremity of the
stomach, and are nioie enlarged than die others,

and those from the ninth spiracle, in the twelfth

segment, which supply the colon, are begin-
ning to be distinctly vesicular. At thirti/-sir

hours not only have the longitudinal traichese

and their many branches become dilated, but
those distributed to the different viscera have
also become vesicular. At forty-eight hours
the development of these parts is so far ad-
vanced that the whole have assumed the vesi-

cular form, and those at the anterior part of the
abdomen occupy a great proportion of tliat

region, and the dilatation of others proceeds
until within a few days before the perfect insect

is developed, before it is completed. Tlie

only difference we have observed between the

development of these organs in the Sphinx
and the butterfly is in the rapidity with which
the changes are effected. The Sphinx re-

mains many months in the puiia state, during
a great part of which time the changes are

almost or entirely suspended. The butterfly

remains but a few days, and in consequence
all the changes proceed with rapidity, which is

either greater or less in proportion to the season
of the year and temperature of the atmosphere.

Function oj respirat'um.—Having dwelt so
long upon the structure of the parts concerned
in respiration we cannot venture at any length

upon tlie phenomena connected with the /unc-

tion, which properly belong to a distinct sub-

ject. (See Respiration.) We would remark,
however, that the circumstances connected
with it are in many respects particularly in-

teresting, while the results are similar to those

of the res])iratioD in other air-breathing ani-

mals. Thus the acts of respiration consist of
alternate dilatations and contractions of the ab-
dominal segments, die air entering the body
chiefly at the thoracic spiracles, and partly also

at the abdoiuinal, during which the dorsal and
ventral arches of die abdomen are alternately

elevated and depressed, like the ribs of V'er-

tebrdta. Tlie number aud frct^ueiicy of these
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respirations vary, as in Vertebrata, according

to the degree of activity and state of excite-

ment of the insect. Thus when an insect has

been subject to long-continued exertion, the

acts of respiration are quick and laborious, as

every one must have observed in the larger

Bombi, when alighting after a long-continued

Might. The contractions and extensions of the

abdominal segments are then short and quick,

and sometimes so labored that the whole ab-

domen is shortened and extended like the

flanks and ribs of tlie race-horse, after a long

and severely contested race. The number of

respirations, when the insect is in a state of

moderate excitement, varies also in different

species as well as in the different slates of the

same insect, and at difl'erent periods. Thus in

the green grasshopper we have noticed from
thirty to forty regular contractions in a minute,

alternating, at irregular periods, with others

more long and deep than the rest. When this

insect was much excited the intervals between
the long inspirations were longer, and the in-

.spirations when they occurred were more deep
and laborious. When an insect is preparing

itself for flight the act of respiration resembles

that of birds under similar circumstances.

At the moment of elevating its elytra and ex-

l)anding its wings, which are, indeed, acts of
respiration, the anterior pairs of spiracles are

opened, and the air rushing into them is ex-

tended over the whole body, which, by the ex-

pansion of the air-bags, is enlarged in bulk,

and rendered of less specific gravity, so that

when the spiracles are closed at the instant the

insect endeavours to make the first stroke with
and raise itself upon its wings, it is enabled to

rise in the air, and sustain a long and power-
ful flight with but little muscular exertion.

In the pupa and larva slate respiration is per-

formed more equally by all the spiracles, and
less especially by the thoracic ones.

The frequency of the acts of respiration

seem to bear some relation to the expenditure
of muscular energy by the insect in a state of
activity. All volant insects respire a greater

quantity of air in a given time than terrestrial,

and both these in their perfect than in their

larva state. Thus in the common hive-bee we
have noticed from one hundred and ten to one
hundred and sixty contractions of the abdo-
minal segments in a minute, while in a less

active state, when the insect was entirely un-
disturbed, the acts of respiration seldom
amounted to one-half that number. In an
exceedingly wild and irritable little bee, An-
thnphora rctusu, which dies exhausted from the

most violent excitement and exertion, in the

course of an hour or two, after being captured
and confined during summer, the acts of re-

spiration are often performed so rapidly that, on
one occasion on which we observed them, they
amounted to two hundred and forty in a minute,
and of course it was only by the closest atten-

tion that their number could be ascertained.

Next to the pupa state, a state of common
repose is that in which insects respire with the

least frequency. When a perfect insect or a

pupa has remained for gome time undisturbed,

its respiration becomes gradually slower and
slower, until at last it is scarcely perceptible.

Thus, in the midst of winter, at a tem]x:r.iture

of the atmosphere a little below freezing, we
were unable to detect more than the very

slightest trace of respiration during two or three

days, and even at the expiration of fourteen

days the quantity of carbonic acid gas formed
was very small. But when the insect was re-

moved into a much warmer atmosphere it

began again to respire more freely, and the

quantity of carbonic acid produced in a given
time was considerably increased. In a speci-

men of Bombus ttriEslris, which had remained
at rest for about half an hour, the respirations

had become deep and laboured, and were
continued regularly at about fifty-eight per
minute. At the expiration of one hundred
and forty minutes, during which time the in-

sect remained in a state of repose, the respi-

rations were only forty-six per minute, and at

the expiration of one hundred and eighty mi-
nutes they were no longer perceptible. This
same insect, when fiist captured, and in a state

of moderate excitement, respired at the rate of

one hundred and twenty-five mspirations per mi-
nute. We have noticed the like circumstances in

a female Sphinx tigiistri, which after it had been
excited for a short time in flight breathed at th(!

rate of forty-two respirations per minute, while
after it had remained at rest about seventy-five

minutes respired at the rate of only fifteen per

minute. Hence the quantity of air deterio-

rated by an insect in a given time depends
upon the state of activity and condition of life

of the individual. In accordance with the

frequency, and consequently the quantity of

respiration, such are the results. In accele-

rated respiration the circulation of the fluids

is increased, and in those conditions, noticed

in another part of this paper, in which the cir-

culation is accelerated, the acts of respiration

are at the same time mure frequent.

The development of heat, which is now found
to take place in all insects as in the air-breath-

ing vertebrata, depends mainly upon tlie quan-
tity and activity of respiration, and the volume
and velocity of the circulation. In Ilymenop-
tera, in which, as we have seen, the capacity of

the respiratory organs is greater than in other

insects, and consequently the quantity of air

deteriorated in a given time is also greater, the

quantity of heat evolved during the process is

proportionate to the quantity of respiration. In
the larva, in which, in relation to its size, the

quantity and energy of respiration are less than

in the perfect insect, the quantity of heat deve-

loped is also less, so that in the larva; of Hyme-
noptera it does not exceed from two to four

degrees that of the medium in which the insect

is placed ; while in the perfect insect, in a state

of little activity, the quantity of heat developed
is apparently at its minimum amount at three

or four degrees above the temperature of the

surrounding medium. But when the same
insect is in a stale of moderate activity, and
consequently is respiring more frequently, it
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amounts to even fifteen or twenty degrees. In
'.ill Lxscs the amount of teiii|>orature depeodii

cliiolly upon tlic quantity of respiration.

\Ve have seen that in a state of reix)se the

act3 of respiration become les-s and leas frequent,

und that at last they are scarcely perceptible.

In like manner the amount of heat generated

IS proportionate to tlie diminished numlx;r of

respirations, and continues to be lessened until

the temperature of the insect has very nearly

sunk down to a level with that of the atmo-
sphere. There are also other circumstances

which moderate the i)roduction of heat. When
the insect is fasting less heat is generated, even

during a state of activity, than when tlie insect

is not deprived of its proper quantity of food.

The cause of this deficiency seems readily to be
accounted for on the consideration that no new
material, the product of digestion, is taken into

the general circulation, and require.s to be assi-

milated with the circulatory fluids, and, conse-

quently, there is less change in the chemical

condition of the fluids at each respiration, than

when tlie animal is taking its full amount of

footl. Other circumstances also tend to regu-

late the amount of heat. When the insect is

respiring rapidly, the power and frequency of

its circulation are augmented, and not only is

there a greater quantity of gaseous expenditure

from the respiratory organs, but tliere is also a
greater amount of cutaneous expenditure, which
tends to cool down the insect by evaporation

from the surface of its body, and diminish the

amount of heat developed. Tliis expenditure

is so enormous, as we nave elsewhere shown,*

that it is more than equal to the quantity of

soli<l matter excreted from the alimentary canal

in a given time, and, consequently, is a [wwer-
ful means of reducing the temperature of the

insect. One very marked diflierence which ex-

ists, in respect to the function of respiration and
the evolution of heat, between these air-breath-

ing iiivcrtebrata and the vertebrated animals

is, not in their diflereiit powers of generating,

but of maintaining their temperature. Insects

in their low |)ower of maintaining heat closely

resemble the true hybeniating animals. Any
great or sudden change of temperature in the

surrounding medium rapidly reduces the tem-
])erature of the insect. It is thus seen that a
reduction of temperature takes place not only

at the [jeriod of true hybernation, which insects

undergo either in their pupa or perfect state,

but also during vicissitudes of the season, as

well as during natural r«pose. On the other

hand, it is remarkable that the evolution of heat

in insects takes place as rapidly as it becomes
reduced. Its increase is jxirceptible by the

thermometer within a very few moments afler

the insect has begun to respire more rapidly.

The explanation of this circumstance must be

sought for in the peculiar distribution of the

respiratory organs, which are extended over the

whole body, and aerate the blood in every [ran

of it at the same instant, the result of which is

the immediate evolution of a large amount of

heal, from the changes that occur in the fluids

• Phil. Tian.. 1837. p. 2.

in vessels lliat partake liotli of the venous

and arterial character. Consequently a Lirge

amount of heat is liberated instantaneously,

whether the oxy,;en of the atmosphere be ab-

sorbtnl into the circulatory system, or whether

the whole of the changes take place, and car-

bonic acid be formed in the respiratory struc-

tures. The same rapidity with which the heat

is evolved from the body accomiKinies its dimi-

nution when the quantity of air inspired is

lessened. In confirmation of tliis view with

regard to the production of heat being the result

of the chemical changes in tlie air inspired,

there is one remarkable circumstance that can-

not be pa-ssed over. It is the voluntary power
which we have found is possessed by some
species of generating heat by means of accelera-

ting their respiration. We observed this fact in

the individuals of a nest of Humble-bees, horn-

bus tcrrcftris, which were confined by us for

the pur()Ose of watching their habits. Iluber

formerly noticed that bees are in the habit of

incubating on the cells of their pufKC, before the

])erfect insects are developed, and we have had
ample opportunities of confirming his obserra^

tions. It was during ttie time that we were

engaged in watching these habits that we dis-

covered that bees possess this voluntary power
of increasing their temperature. The manner
in which the bee performs her incubatory office

is by placing herself upon the cell of a nymph
tliat is soon to be developed, and then begin-

ning to respire at first very gradually. In a
shoit time the respirations become more and
more frequent, until at length they are increased

to one hundred and twenty or one hundred
and thirty per minute. The body of the insect

soon becomes of a high temperature, and on
close inspection is often found to be bathed

with perspiration. When this is the case the

temperature of the insect soon becomes re-

duced, and the insect leaves the cell, and ano-

ther bee almost immediately takes lier place.

When respiration is performed less violently,

and consequently less heat is evolved, the same
bee will often continue on a cell for many hours

in succession. During these observations we
have, in some instances, found the temperature

of a single bee exceed that of the atmosphere

more than twenty degrees. Thus when the

temperature of the atmosphere was 73° 5 Fahr.

that of four female bees, in the act of incuba-

tion, was 94° 1. On another occasion when
the atmosphere was 72° 5, a single bee,

nursing on a single cell, from which a per-

fect insect was develo|)ed about eight hours

afterwards, afforded a temperature of 92° 3,

the bulb of the thermometer being placed

between the abdomen of the bee and the

cell. The insect was then breathing at the

rate of one hundred and twenty respirations per

minute. In another instance, the temperature

of the atmosphere being the same, that of ano-

ther bee in the act of nursing was 94° 5.

This extreme amount of heat was evolved en-

tirely by an act of the will in accelerating the

respiratory efforts, a strong indication of the re-

lation which subsists between the function of

respiration and the development of animal
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heat. These curious (acts tend much to con-
firm the opinion as to the chief origin of animal
heat, but for farther illustnition of this interest-

ing subject we must refer our readers to the

article Hespiuation.
Orgims of' generation.—These parts have

already been treated of to some extent in a
preceding article, (Generation, Ougans of,)

and the forms which they assume in different

orders, more particularly those of the male
organs, having in part been described, we
shall only briefly allude to them on the present

occasion, in consequence partly of the great

length to which this paper has already been ex-
tended, and partly that we shall necessarily

return to this subject, more especially with re-

ference to the functions of these parts, in de-
scribing that class of Articulata, which in every
respect are so closely related to insects, the

Myriapoda, to which we must refer.

In our observations on the skeleton we have
shown that the terminal segments of the body
invariably form part of the external organs of
generation. Tlie long ovipositor of the Chri/-

siilii/te, composed of four distinct annuli, retrac-

tile within one another, and even within the

proper abdomen itself, are only the terminal

segments of the body, which is thus made to

consist of fewer, but proportionately larger

annuli than the abdomen of those in which so
many segments are not employed in the forma-
tion of the generative organs. A corresponding
structure is also seen in the Panmpida:, in

which the separate annuli, not retractile to so

great an extent as in the Chrysididie, but capa-
ble of being extended to as great a length, are

distinctly shown to form part of the abdomen,
while the corresixinding parts in the male, the
terminal segments, are developed into a claw-
shaped prehensile organ. A similar modifica-
tion of structure exists in all other insects. In
some species one or more of these parts be-
comes atrophied, or is developed to a greater
extent than the others, and the result is that in
some instances we find long, exsertile, and appa-
rently new organs, while in others some parts,

even of the annuli themselves, appear to be ab-
sent. But the normal number is almost every
where present, either simply as terminal plates
of the abdomen, between which the proper ex-
cretory portion of the organs of generation is

concealed, or more highly developed, and form-
ing a separate sheath for that structure.

In the mule insect (Jig. 437) the organs con-
sist of an external portion, the penis (A), or
" organ of intromission," in which is inclosed
the termination of the ductus ejucutatoriux,

which extends backwards, and is connected
with the vesiculie sertwtatcs (e) and vasn dffe-
rentia, which are connected with the epididymis
and the proper testes (a) These parts are
found in a large number of insects, in some de-
veloped to a great extent, but in others almost
entirely atrophied. This is the order in which
the parts are met with when passing from
without inwards.

The;)fnJsof the male, like the ovipositor ofthe
female, assumes a variety of forms. It is usu-
ally inclosed between two lateral plates, the ana-

Fig. 437.

Male organs'qfgeneration

[of Alitalia centifolioi,

^
( Prixe Essay.)

I

logues of the sheath

of the ovipositor,and

which are derived

from the terminal or

penultimate segment
of the body. With-
in thisisacormgated

soft membrane, the

prcputiiim, which is

continuous with, and
is reflected inwards

from the inferior

margin of the anal

aperture, and sepa-

rates the organs of

generation from the

alimentary canal.

When the penis is

retracted i t is covered

by this membrane,
which is corrugated

upon it C^g. 402,s).

In Coleoptera, as in

the Curtibida and
Alclolonthida , the

penis is a long hor-

ny tube, retractile

within tlie abdomen on the under surface as far

as the anterior segments. The strong horny co-

vering of this organ is simply a consolidated state

of parts of the "tissues which in other instances

are soft and flexible. It contains within it the

excretory portion of the ejaculatory duct. In

most of the Coleoptera, and in many other

species, it has this strong hardened exterior, ne-

cessary apparently for its employment by cer-

tain species, in which there is little flexibility

of the abdominal segments, as an organ of in-

tromission. In Caruhus monitk, as noticed

also in C. clulhratus by Burmeister, the hard-

ened case of the penis is gently curved down-
wards to facilitate its introduction into the vulva

of the female. At its extremity on the under

surface it is a little elongated, and it is termi-

nated by a soft corrugated glandiform structure,

which is perforated in its centre, and represents

a glans penis, the perforation in its centre being

the orifice of the excretory duct. In other

Coleoptera the penis is also inclosed in a horny

sheath, and presents a great variety of forms in

different species. In many instances it is fur-

nished at its extremity with short hooked spines,

by means of which the male effectually retains

his connexion with the female. The external

sheath of the male organs, which incloses the

penis, is analogous to that of the ovipositor of

the female, and is employed when it is well

developed to open the vulva of the female. In

many species it is scarcely at all developed,

being like the sheaih of the ovipositor only a
highly developed portion of the lateral plates of

the terminal abdominal segments. The cir-

cumstances above referred to will not allow us

to describe in detail the forms of these organs

of generation in many species, we shall there-

fore content ourselves with a brief notice of

some of those of the Ilymenoptera (fig. 437).

The general form of the penis in this Order is

similar to that of Athalia, and consists of a
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short valvular projectile organ, covered exter-

nally by two poiiite<i horny plates (i), clothed
with soft hairs. Above these are two other

irregular douhlc-joiiui'd plates (/), couvex on
their outer and concave on their inner surface,

and surrounded at tlieir base by a bony ring

(k). Tliey are half corneous half membranous,
and folded together like a closed fan, and are

furnished at their posterior margin with horny
hooks (i), which are used as organs of prehen-
sion, between tliese in the middle line are
two elongated muscular ]iarts (»n), which when
a|)plied togetlier form a pointed structure, and
inclose between them in its retracted state the

proper intromittent organ (A). These perhaps
a,ssist to dilate the vuU-a of the female, like the

jilates above noticed in the Coleoptera. In
many instances, as in Anthidiiim manicatum,
the posterior margin of the last true abdominal
segment is anned with spines tliat are curved
downwards, and serve to retain tlie female, and
this is also the case in the Cliri/iidida. In
Antlioji/iora retuaa the homy [Minis formed of
the last two segments of the larva has also two
external plates developed into hooked prehen-
sile organs, with which the insect grasps the

al>domen of the female at the moment of actual

connexion. In the Sphinx (Ji^.[}9l) and other

Lepidoptera the appendages of the anal seg-

ment appear to be analogous to the sheath of
the ovipositor in the preceding orders. On
cacli side of these f)arts at their inner sur&ce
are two horny plates, which form the lateral

boundary of the male organs. Within these is

a cloaca, in which the anal ajierture terminates,

and immediately beneath it are situated the

male organs. I'hese consist of an extensile

bifid, ejaculatory organ included between two
soft valvular )>arts. Tlicy form tlie virile

organ. In the Sphinx the (xisterior margin of
the dorsal plate of the terminal segment is

armed with a slender curved hook, bifid at its

apex, and bent downwards, like the hooks in

the body of Uymenoptera, for retaining con-
nexion with the female. Among the Dipteta
the Asilida have the male organ formed in a
somewhat similar manner. The terminal seg-

ment of the body forms a pair of broad homy
plates, which inclose between them tlie double
stiliform excretory canal.

The duclus ijuiulalnriut passes backwards
from the |iciiis as a single canal, which either is

exceedingly short, as in Allmlia, (Jig. Ail,f),
or is a very long tube, forming many convolutions

in its course, as in many of the Coleoptera.

Into this canal open the vcsicuLe semutalcs and
llie viisit Jefintititi. Tlie vcsicuLe scminales are

usually long convoluted coical tubes, which
a.ssuine a variety of forms, sometimes branched
somtaimes simple. They are two, and some-
times four ill number. In some species, as in

Athuliu ((), they arc exceedingly short, and
very much dilated, serving evidently as recep-

tacles for the semen as it is secreted by the

testes, and conveyed towards the ejaculatory

duct by the vasa deferentia ((/). These, like

the seminal vessels, vary in number according

to the number of the testes. VV hen the whole
of the testes are aggregated together, the vasa

deferentia that proceed from them are united
from each set of testes into a single tube on
each side (6), but when the testes remain dis-

tinct from e-ach other, each deferential vessel

passes at first scixarately from each testis for a
short distance, and the whole are then collected

together, and form on each side a single tube,

which, after many convolutions, either is in-

serted into the extremity of Uie seminal vessel,

or is inserted along with it into the commence-
ment of the ejiiculatory duct. The lengtli of
the common deferential vessels is sometimes so
great, and they are so much convoluted, as to

be readily mistaken for testes, much larger than
the proper testicles. This is tlie case in Athalia
(rf). Tlie proper testes are usually several

rounded glandular bodies, in some instances, as

in Melolontha* and Liuama, amounting to as

many as six on each side, and in a few in-

stances, as in Athaliu, even to as many as tliir-

teen. In form they are sometimes rounded, and
sometimes are elongated coeciforra tubes. They
are usually regarded as ccecal organs, but in

some instances we have distinctly traced minute
vessels connected with them, but whether these

vessels passed by open mouths directly into the
coBca, or whether distributed over their surface,

is perhaps still a question ; our impression cer-

tainly is that they enter the testes. Besides
these parts, there are in some instances struc-

tures that resemble an cpididt/mii, as in Hy-
drous,'\ but these are generally absent.

These organs lie within the abdominal cavity,

in general on each side of the alimentary canal,

and sometimes above it, as in the instance of
the Lepidoptera, in which the two separate

testes of the larva (jig. 364, i) are united in

the perfect insect into one mass, which is situ-

ated immediately beneath the dorsal vessel

(fg. 366, i). In each of these cases the con-
nexion with the vessel, as formerly noticed, is

distinctly traced. Besides these parts we ought
also to notice some which are appendages of
the organs similar to appendages found in the

female, but the function of which is not dis-

tinctly understood.

In the fhnale the organs of generation are

more simple than in the male. Uf these we
have first to notice those external parts which
form, as we have staled, either the long ex-
tended ovipositor of the Gryllida, the sheath

of tlie sting of the bee (Jig. 438, A,a,d), or

the sheath or valves of the ovipositor of the

Tercbrunt'm (C, 4). The condensed descrip-

tion of these parts Uiat has been given by Mr.
WestwoodJ clearly explains their structure.

He remarks that, " from the centre of the

under side of the abdomen, near its extre-

mity, arise two plates, each consisting of
two joints, sometimes valvular and together

forming a scabbard, sometimes more slender,

and resembling |)alpi, and sometimes very

long ; between these plates, as they exist in the

bee (A, b), under the form of two flattened

plates, with a piiir of terminal lobes, arise two
other pieces which are very slender, seriated

• Straus,

t Pufour.

} Buiomologist't Text Book, p. 375.
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Bg. 438.

A, Uiternl view of tite sling of tlie Bee. (Westwood.)
Uf the sheath ; b, terminal segment of the ahdo-

mcn ; c, the barbs or proper sting ; d, the chan-
neled surface of the sheath of the sting in which
the barbs arc concealed.

B, the poison-bug and vessels of the sting of the
Anthophora retma (^Newport) ; a, sheath of the
sling ; b, the dilated extremity of the poison duct

;

c, d, the bag ; e, eiferential vessel
j /, the secretory

organs; g^ their vessels.

C, terminal segment of the abdomen of a saw-fly,
Trichmmna

( Lyonct) ; a, dorsal end of the ter-
minal segment ; b, sheath of ovipositor or terminal
ventral arch ; c, d, the inner plates or saws, analo-
gous to the barbs, c, of the sting of the bee.

D, one of the double lancet-pointed saws of
Athaliu ceruifulias,

at the tip in the bees (c) but much broader in
the saw-flies (C, c, d) and transversely striated,

forming the saws with wliich these insects are
provided : moreover these two pieces are re-
ceived in the bees into a canal (A, cl), but in
the saw-flies tliis gutter is broad, flattened, and
divided into two separated parts, forming the
backs of the two saws. In llie Ichneumons
these various parts are so slender that at the
first sight they appear to consist but of a single
piece: on more minutely examining the in-
strument, however, it will be found that it

consists of a scabbard, composed of two pieces,
inclosing a fine liair-like bristle, which is, m
fact, the exact analogue of the stinging part of
the bee's sting, consisting of three pieces."
This organ constitutes both a means of defence
and also of depositing the eggs. Tliere have been
some doubts with regard to tliis feet in the
bees, some having questioned whether the sting
IS at all employed in oviposition by these in-
sects

; but a most careful and accurate ob-
server, Dr. Bevan, distinctly slates that the
ova pass along the sting of the bee lo be de-
iwsitcd, and this statement is confirmed by
tlie fact t}iat this is certainly the case in the

analogous instrument of tlie gaw-fties,a« we our-

selves have distinctly witnessed in Alhaiia

centifoliie. The analogy, therefore, of the sting

with the ovipositor of the Grr/Uidie, of the saw-
flies, and other insects, is distinctly proved. In
Atludia the ovipositor is a very interesting

oi-gan. It occupies the under surface of the

seventh and eighth segment of the body, and
is approximated to the posterior margin of the

sixth, a part of the sevenlli having been re-

moved. Four tendons for the insertion of
muscles originate from the extremity of the

two halves of the ovipositor. In the mem-
brane that unites on the under surface the two
halves of the ovipositor, is situated the vaginal

orifice between the two saw-shaped organs

(C, c, d, D). Eacli of these parts is composed
of two plates applied togetlier back to back,
and which togetlier form a pointed instrument
resembling a lancet (D). The upper one of
these plates (i) is furnished with small sharp-

pointed teeth directed backwards, and the

under one (/c) with fourteen long and slightly

convex ones. With the point of this instru-

ment the insect pierces the edges of the leaves

of the turnip, separating the cuticle with its

saw preparatory to depositing its egg, which is

conveyed along its inner surface, which is

slightly concave to allow of its safe transit

along the plates. Posteriorly and external to

these plates are the two sheadis of the ovipo-

sitor (C, 6) analogous to one portion of the

ovipositor of the Gri/lUdie. In all those Ily-

menoptera furnished with an ovipositor there is

also an apparatus for secreting a peculiar fluid,

and this apparatus is believed to be analogous
to the appendages of the male organs above
alluded to, the use of which is not well under-

stood. In the female these parts consist of an
e.vcretoiy duct, and bag, or receptacle for the

fluid, a convoluted efferential vessel, and proper

secretory organs. In the wild bee, Anthuphtira

relusa (B), at the base of the sheath («) in

which the two barbs of the sting (A, e) are

concealed, is a smooth dilated space, into which
the poison is first received at the base of the

sting. The poison is conveyed to tliis space
by the efl'erential duct (c) from an oval sac (d),

in which it is accumulated as secreted, and into

which it is poured by a very lai'ge and much
convoluted efl'erential vessel (c), which receives

the fluid from two cceciform glandular organs

Q'), which unite as they enter the efferential

vessel. These secretory organs receive at their

apparently closed extremity each a minute
vessel, which we have distinctly traced to some
distance from them, but not to its termination.

When the poison is ejected from the bag (d)
into the base of the sting, it ])asses along be-

tween the two barbs, as in a little gutter, into

the wound. Swammerdam delineated tliese

parts in the honey-bee, but did not notice the

vessels proceeding from the secretory organs.

In anotlier insect of the same class there are

similar structures. Thus, in Atludia (figA^Q),
the bag {g) is oval, but the efferential vessel is

entirely absent, the fluid being poured directly

from the secretory vessels (A) into the bag with-

out passing along any other tube. Tlie vessel is
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Fig. 439.

FemaU organg ofgeneration ofAthaUa centifolia.

(Prize Eaoy.)

also absent between the bag and the base of the

ovipositor, so that tlie ttuid is forced directly

from tlie bag at the moment it is employed.
There is a somewhat similar structure in the

Hornet, although the vessel between the bag
and sling is present as in the bee. Burincister

has suggested that the poison-gland may per-

haps be an urinari/ organ, but the circum-

sliuice of the fluid contained in it being em-
ployed by the insect to inject into the cavity

ni which it deposits its ova, seems opposed to

this opinion, although that of its being em-
tjloyed by the bee as a means of defence may
be favourable to it. The nature of this fluid

is distinctly acid, as remarked by Dr. Hevan
in the honey-bee, and as found by ourselves in

several instances. Tl\e vaginal aperture at the

base of the ovijiositor forms the external orifice

of the common oviduct or proper laying tube

(e). This in some instances is simply a di-

lated orifice, the internal lining of which is

continuous with that of the internal part of the

ovipositor. This common oviduct is either a
simple, straight, uniform tube, or in some in-

stances is a little dilated laterally into pouches,

in which are received the lateral appendages of

the male organ, as in Mtlolontlia. At its

termination the common oviduct divides into

or rather receives two separate tubes (d),

one from each side, analogous to the eficrcntial

vessels of the male organs. On the upper
surface of the common oviduct, there are

api'iendages that vary in number from one to

five. The chief of these, the spcrmatlicca (f),
alone exists in Alhaliu. It is into this sac that

the fluid of the male is ejected during co-

pulation. Audouin states that the male organ

js projected into it. We have invariably found
this vesicle, which is exceedingly la^ge in Meloe,
filled with white, opaque, seminal fluid after

connexion with the male, previously to which
time we have as invariably found this vesicle

<cropty. This appendage is simple in many of

VOL. II.

the Orthoptera as well as in Hymenoptera, but

in some other species there are also additional

vesicular apj)Cndages which have been de-

scribed as secrctnig aglutinous fluid. In all in-

stances these are attached to and pour their con-

tents into tlie common oviduct, through which

the eggs pass to be deposited. In the middle

line, at tlie union of the oviducts, are situated

tlie terminal ganglia of the nen-ous cord

(10, 11), when the cord is extended to the

posterior part of the abdomen. Hut when this

is not the case, and the nerves simply radiate

from the thorax into the abdomen, the terminal

pair of nerves still pass in a corresponding

direction over the union of the oviducts, thus

always occupying a position between the organs

of generation and the termination of the ali-

mentary canal. From the two oviducts origi-

nate the proper ovarial tubes. In Atlialiit cen-

ti/'olia there are eighteen («, b, c) attached to

each oviduct, but in some other instances, as

in Melve, in which the upper part of the

oviduct on each side is dilated into an im-

mense bag resembling an uterus, they amount
to some hundreds of exceedingly short tubes

containing each but one or two ova. In Melo-
lonlha and Lucnnus there are six on each side,

but in some instances, as in Liius, as shewn
by Dufour,* there are only two on each side.

These ovarial tubes grad\ially decrease in site

from their base to their apex, and those from

each side are collected together at their apices,

and are said to terminate each in a dilated

ccecal extremity, but we must confess we have

never yet traced tliis structure in any instance.

Miiller, as above stated, traced a connexion

between the extremities and the orarial tubes

and the dorsal vessel in Phasma, and many
other Insects, as we have also done in several

instances, but the nature of these connexions

is disputed. They certainly appeared to us

to be vascular, as supposed by Miiller, and
we have already stated the reasons that led us

to the same opinion.

We shall enter on a consideration of the

function of the organs of genetation when con-

sidering this subject in Myriapoda.
In concluding this lengthened article we

have only further to remark that the tcgumen-

tary appendages consist of hair, scales, and

spines. The first of these serves as a covering

for the bodies of many species, more particu-

larly the Hymenoptera, and is also found

under the limbs in many Coleoplera. The
scales are peculiar appendages and may be
considered, according to many, as simply flat-

tened hairs. They entirely cover the bodies of

many species, as for instance the Lepidoptera.

The curious forms and marking of these parts

are sometimes exceedingly beautiful ; but the

limits of our article will not allow of our en-

tering at present on the consideration of them.

The spines are found much on the wing of Hy-
meno|>tera and are oflen mistaken for true hairs,

between which and spines, and also between

these and scales, there is a diflbrencc of origin,

* .^nnalea drs Sciences Naturcllet, tain, yi,

(>l. 20.
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spines being usually developed directly from a

trachea or part of a membrane in the immediate

vicinity of a trachea.
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INSECTIVORA, ( Insc(ta,voro,) a group of
mammiferous animals, considered by some au-
tliors as a distinct order ; by otliers, and parti-

cularly by Cuvier, as a family only of the great

carnivorous order, named by that great natura-
list Caunassiers. Tlie peculiarities of struc-

ture by which the Insectivora are characterized

appear to me to be equally important with those
which have led me already to treat of the Chei-
roptera as an ordinal group, and I shall there-

fore consider them in that point of view.

They consist of four very distinct groups,

the relations of wliich are not very clearly

fixed. I have ventured to consider them as

four families, viz. :

—

Talpidk, typified by the mole, Tulpu.

Erinaceada;, by the hedgehog, Erinaceus.

SoricidjE, by the Shrews, Sorcx.

TuPAiAua;, by the genus Tupniu.

Such at least appears to me, in tlie present

state of our knowledge, to be a near approach

to the natural groups of which the order is

composed. In the Talpida I include the ge-

nera Talpa, Condi/tura, and Chrt/utclitoris; in

the Soricklce, the genera Sorer, (with the sub-

genera, so called, into which it has lately been

subdivided,) Mj/gale and Scalops, the latter

genus being clearly osculant between the

SoricidtB and the Ttdpid<c ; in the Erinaceada,

the genera Erinaceus, Ec/iitwps, and Centenes

;

and iu the Tupaiadic, tlie single genus Tiipuia,

or Cludobates, as it is named by Ered. Cuvier.

It will at once be seen, by reference to this

enumeration of the types of form which occur

in this order, that animals, differing greatly in

their general structure and habits, are included

in it. But it will also be found that they all

agree in the general character of their teetli,

which are in all instances furnished with ele-

vated and pointed tubercles, for the purpose of

breaking down the hard and polished elytra of
coleopterous insects, upon which most of them
in a greater or less degree subsist. This cha-

racter has already been exhibited in the insecti-

vorous group of the Cheiroptera, which we have

considered as leading towards the present order

;

and even in the lower forms of the Quadru-
mana a similar tendency is evident, as in the

Maki, the Loris, and others. They agree, also,

in being for the most part nocturnal animals,

and, with some exceptions, in living under

ground, or at least in exhibiting a tendency to

such a mode of life; and all those which in-

habit the colder countries pass the winter in a

state of torpidity. They all possess clavicles

;

their limbs are generally short, and they are

plantigrade. They have ventral mammtE, tlie

stomach is perfectly simple, and they are desti-

tute of a coecum.

The different families which I have named
are as well characterized by their habits as by

their external form, and their more intimate

structure. The Talpida, the teeth of which are

shewn in the genus Talpa (fig. 441,) and Chry-

sochloris (Jig. 450), which are pre-eminently

subterranean, are distinguished by their extra-

ordinary habits of forming long and complicated

burrows underground, passing tlieir whole lives

in a subterranean retreat, in which they are born,

feed, breed, hibernate, and die; and which re-

treat, in the case of the common mole, is formed

with the utmostart, and a beautifully complica-

ted construction. Tlie Soricida (Jig. 449) are

a sort of carnivorous mice; and although they do
not actually burrow, retreat during the winter,

and in their ordinary repose, into holes, feed-

ing, however, on the surface or in the water,

several of them being partially aquatic, diving

with facility after aquatic insects, and remain-

ing without difficulty a long time under water.

In both these families there is a peculiar cha-
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racter in the stnicturc of the liair, whicli Tavours

the habits I have mentiont'd, and which will

be presently Ucscribeii. In the Erinuceada (see

fig. 451) we still have hibernating animals, but

these, instead of burrowing or descending into

deep excavations, conceal themselves only under

leaves, or in any superficial hollow, and live

upon food which they either find upon the sur-

face or dig out of the ground with their hard

moveable muzzle ; the character of their integu-

ment is very peculiar, the hair being modified

into spines of a greateror less degree of firmness,

and the animals being mostly capable of rolling

themselves into a ball, and thus presenting a

panoply of sharp spines to tlieir enemies. Tlie

last-named group, which 1 have named Tupai-

ada, (Jig. 452) |)artake, as before observed,

of the character of the Insectivorous Quadru-

mana; living in trees, which they climb with

all the agility of a monkey or a squirrel. Tliey

consist but of a single genus, named by the late

Sir Stamford llaffles, Tupaiu, of which tliree

ipecies are well distinguished. They are na-

tives of Java.

I. Osteologi/.—It can scarcely be said that

there is any peculiarity of structure in the ske-

letons of the whole of the inseclivora, in which

they differ essentially from other groups ; but

on the other hand, there are many in which

they differ from each other, according to the

very striking and obvious diversity of their ha-

bits. In the family Tulpidtt, the genus Talpa

(Jig. 440) presents itself as the type. In these

animals the cranium is greatly elongated, and

of a tapering or conical form, a character

which it partakes with the Soricida, but to

a still more remarkable degree. The cra-

nium of the Chrysochloris, or Cape-mole, the

South African representative of this family,

presents this character in the most regular

form. It is, in fact, a [)erfect cone, short, pointed

at the muzzle, broad behind, where tlie base of

the cone is distinctly circumscribed by a crest,

which passes from the root of tlie zygomatic

arch of one side, over the vertex, to the cor-

responding point on the other; on the sides of

the head the zygomatic arches tliemselves com-
plete the cone, passing obliquely and in a

straight line from the maxillary to the temporal

bone, and beneath it is completed by the in-

clination inwards of the symphysis, the

rami, and the coracoid processes of the lower

jaw. The ^lortion posterior to the base of the

cone is rounded.

In the genera Talpn(fig. i4l) and Condi/lura

the head is equally but less regularly conical,

and tlie snout is more elongated ; the zygomatic

fig. 441.

arch is extremely slender, and rises obliquely,

joining the cranium considerably above the audi-

tory meatus. Asimilar conformation is seen in the

genus Scalops, which I have already mentioned

as leading from tlie Tatpidtt to the Soricida.

This form is admirably suited for their subter-

ranean progression, as they push their way
through the soil by their long moveable snout,

which acts in some measure as a wedge.

Amongst the Soricida, the Scalop$ approaches

in its structure most nearly to the Valpida,

having the almost perfectly conical form of tlie

head which belongs to tliat family ; and all tlie

Suricidit partake of it to a greater or less degree.

But the cranium of the Erinaceuda approaches

more nearly to that of the Camivora ; and

viewed from above, the sides are nearly parallel,

the zygomatic arches projecting further than the

posterior part of the cranium. The muule
IS shorter, more obtuse, and somewhat
narrower than the cranium, which is com-
pressed forwards. In Ccnlcnes the head is

much more elongated and conical. The genus

Tvpuia has the head nearly oval, the muzzle

straight, prominent, much smaller than the cra-

nium, the zygomatic arches but slightly pro-

minent, and the circle of the orbit closed pos-

teriorly, a circumstance which is not found in

any other of the order Insectivora. In this

Fig. 440.

3t 2
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genus the orbil is tlierefore circumscilbeil by

l)eing closed posteriorly by the union of the

post-orbitar processes of the frontal and jugal

bones ; in all the other genera the orbit and the

temporal fossa are confounded in one cavity,

without the trace of any attempt at forming a

division between them. This peculiarity in the

genus Tujiaia shews a marked tendency to-

wards the insectivorous Quadrumana.
The bones of the face are very early united

in the Tulpltlm and the Soricidee. In the

genus CcM^CHcs there is no jugal bone. There
is therefore no zygomatic arch, notwithstanding

the masseter muscle is of great size. This is

attached by a single tendon to a sort of tu-

bercle, which represents the zygomatic process

of the maxillary bone. In 'J'upuia the inter-

maxillary bones are very large, and their

suture descends vertically, nearly half way be-

tween the nares and the orbits. The Shrews,

like Ccntcnes, have no 'malar bone, and the

zygomatic process of the maxillary is even less

conspicuous than in the former genus. Most
of the subterranean forms have at the extremity

of the muzzle, that is to say, around the open-
ing of the nares, a small rim or border, which
is especially conspicuous in the Chrysocliloris,

for the attachment of the large and moveable
cartilages of the nose, so important to these

animals in turning aside the earth as they make
their way through the ground, as well as in

seizing the worms and insects on which they

feed.

The proportions of the spine vary greatly in

the different families of Insectivora, as may be
anticipated from the great difierence in their

habits. On this subject it may not be useless

to subjoin the following table of the numbers
of the separate classes of vertebra, which is

taken from the last edition of the Lejons d'Ana-
tomie Comparce of Cuvier :

—

Erinaceus Europccus (IIedge-
bog)

Cenlenes e.cmulatus (Tenrec)

.

C. setosus (Tendrac)
Tupiiia

Sorer arancus (Shrew) ....
S.fodiens (Water-shrew)

.

.

Cliri/soc/dorisCapensis (Cape
mole)

Talpa Europtra (common
mole)

T. caca (blind mole)
Condi)tura cristuta (radiated

mole
Scnlops (mole-shrew)

6 5 17 48
7(6 10 42

43
40
40
54
46
48

39

43
42

It is worthy of remark, in taking a compara-
tive glance at this list, that the length of the
tail in the different species is in exact accord-
ance wilh their habits, as far at least as we are
acfjuainttd wilh them. Thus, in Tupaia, we

observe a tail as long as that of a squirrel, and

obviously for tlie same object, that of balanc-

ing the animal when taking leaps from one

branch to another ; and in the Water-shrew the

tail is lengthened to assist in swimming, for

which purpose it is also fringed on each side

widi stiff hairs. Of the habits of the Condy-
tura* we know little, and of that little nothing

which accounts for the considerable proportion

of the tall.

Of the form of the different vertebrae in the

various groups of the Insectivora, little need

be said, as there are few circumstances con-

nected with these bones which bear materially

upon any physiological point. It may be ob-

served, however, that in the Tulpidie and the

Soricidte the cervical vertebroe form large rings,

have strong transverse processes, and, except-

ing the second, do not possess any spinous

processes. In the Erinuccuda, and particu-

larly in the Tenrec (CentoitsJ the transverse

processes are particularly large, and the rings

smaller than in the former families. The spi-

nous processes are also wanting in the dorsal

vertebrae of the mole.

The sternum offers some peculiarities

worthy of notice. In the mole the first ster-

nal bone is very large and compressed. To its

anterior pointed extremity the thick short

clavicles are attached, and further back to die

same bone, the first rib Is articulated ; to the

second bone Is fixed the second rib, and there

succeed to these three elongated bones of the

ordinary form, to each of which two pairs of

ribs are articulated ; then a small bone, to which

one pair of ribs is fixed, and then the xiphoid

bone, which is long and narrow.

In the Clnysochloris the first bone of the

sternum is equally compressed but less elevated

;

and the anterior half is furnished on the up-

per part with two small aliform processes,

which are concave, and support the first two
ribs, which are extremely broad; the long

slender clavicles are attached at its anterior

point; and then follow seven other oblong

pieces, and an elongated xijihoid bone, which

bears at its posterior extremity a semilunar car-

tilaginous ddatation.

The ribs in the mole and its congeners are

nearly all of the same length, giving that pe-

culiar cylindrical form to the body which cha-

racterises these animals, and which is so essen-

tial to their habits ; and in the Cliri/sochloris the

first rib is very much broader than the others.

But It is in the bones constituting the anterior

extremities, that the most remarkable and in-

teresting peculiarities exist in some of the

families of this group. In the mole especially,

the anterior extremity
(fij^. 442) exhibits one of

the most extraordinary modifications to be found

in the whole of the Mammifera. The clavicle

is fully developed in the whole of the Insec-

tivora. In the mole {b) it offers the most

* From the name condi/tura, given to this genus
by Uliger, it might be inferred that the tail is

furnished with knotty ttiberositics ; this, however,
is only seen in dried specimens, wliich doubtless

furnished to llliger the characters of the genus,

and suggested its name.
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Fig. 442

abnormal deviation from tlie usual construc-
tion. It is extremely sliort and broad, forming
in fact nearly a square ; about the middle of its

anterior margin a strong process rises, which
gives origin to the subclavian muscle, which in

this animal is greatly developed. It is articu-

lated, as usual, with the sternum by its interior

extremity, which may here be more properly
called its interior margin ; but by its external

margin it is connected moveably with the head
of the humerus, which connection is rendered
more solid towards the anterior part by a strong

ligament. Its connexion with the acromion of
the scapula is by a ligament merely, which
extends from the acromion to the posterior and
outer angle of the clavicles. In Condytura and
even in Scalops the construction of this bone is

on a similar type; but in Chrysochlorii it is

long and slender as in the other Insectivora.

ITie scapula («) in the mole is no less singu-
larly formed than the bone just described. It is

elongated to an extraordinary degree, being not
less tliau six times as long as it is broad at the

broadest part, which is at the superior extremity.

Towards the middle it is contracted and almost
cylindrical ; and the spine, which runs ne-arly

tlie whole length of the bone, is at this part

almost effaced. The acromion, as before ob-
served, has only a ligamentous connexion with
the clavicle. In Condytura and Sciitops the

construction of this bone is somewhat similar,

and in Chri/sochloris it is also of considerable
length.

The humerus in the mole (,figs. 442, c, 443)
is of so extraordinary a form, that were it

examined alone, isolated from its natural con-
nexions, it would be impossible to detect

Fig. 443.

its true character. It ii of a iquare fbrm,

extremely broad at the luperior i>art, where
it presents two articular surfaces; the an-

terior is very broad, slightly convex ; the

posterior and internal is narrow, but more
convex than the former ; by the first it is

articulated to tlie clavicle, and by tlie latter

to the scapula. Between the former, which
may be considered as appertaining to tlie

greater tuberosity of the bone, and the head, is

a deep fossa. The body of the bone is short,

thick, and very broad, and is curved upwards,
so that its articulation with the forearm is

placed actually higher than the shoulder, and
the palm of the hand is consequently turned

outwards. In ChiysiKhloris the form of lliis

bone is not less remarkable. It is somewhat
longer than that of the mole; its articulation

with the forearm constitutes half a sphere ; and
the inner condyle is so elongated and inclined

downwards, that the whole bone forms an arch

of which the convexity is turned outwards.

This condyle is articulated with a bone, 'which

must be considered as a most extraordinary

modification of the os pisiforme, which is as long

as the radius, so that in fact the forearm may be
said to be composed of three bones.

The bones of the forearm ('y/g. 442, rf,e) in the

extraordinary animal which offers so many de-

viations from typical structure, the mole, are

no less remarkable than those of the shoulder.

The ultia is very broad and much flattened ; its

superior extremity is enlarged transversely, the

anterior sur&ce concave, the posterior convex.

The radius is separated by a considerable in-

terval from the ulna throughout their length,

and the two bones are only united at the upper
extremity by a capsular ligament. But the

articular sur^ces of the two bones are flat, and
the head of the radius is prolonged into a hook-
like process, forming a sort of radial olecranon,

so that rotation is impossible. The carpal bones

C_^g.444)con5ist of two series of five in each, and
an additional bone of a very peculiar construc-

tion. This is a large sickle-shaped or falciform

bone, having the convex margin outwards ; it

extends from the carjml extremity of tlie radius

to the first metacarpal bone. It is this bone
which gives the great breadth to the hand,

which IS so important to this animal in its

pecubar mode of life.

The phalanges of the fingers are very short,

and covered by the integument in such a

manner as to appear to belong to the meta-

Fig. 444.
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carpal portion of the hand ; and it is only the

lona: shaq) nails which extend beyond the skin,

and are externally visible.

The position then of the anterior extremity

of the animal is this: the humerus is so placed

that the inferior or distal extremity is the most
raised, so that the fore-arm is ke])t in a state

between pronation and supination, the elbow
raised, the radius and the thumb i)laced down-
wards, and the palm of the hand directed out-

wards. When to this we add the peculiar

flexion of the hist phalanx of the fingers with

the enormous nails, we have a fossorial struc-

ture not equalled by any other in the whole
of the vertebrated animals, and only imitated

by the no less remarkable anomaly amongst
insects, the Gri/llolalpa or mole-cricket.

In Chrysoclihnis the third and fourth fingers

are united by one large powerful nail, and are

developed to an extraordinary size (Jig. 445),

Fig. 445.

the fifth finger being reduced to a minute ru-

diment ; and the carpal bones are placed in an
abrupt curve, so that the outer side of the fifth

finger approaches the first. The os pixiforme as-

sumes also a peculiar development, being very

much elongated, rises in the direction of the

forearm, and is actually articulated with the

internal condyle of the humerus.
The pelvis in the 'L'alpidie and Soricida is

extremely long. The dia are narrow and
pointed at the anterior part. In the last-named

family, i\\e pubis and the ischium are especially

long and narrow. In Chrysochloris, on the

contrary, the ischium is very broad.

The femur offers but few and unimportant

particularities amongst the Insectivoru, unless

it be that there is in the mole and Clnysocliloris

a sort of third trochanter; a process winch is also

found in some of the lower Quadrumana, and
in some other of the Mammifera. The Jibula

is united to the tibia for nearly the inferior third

of their length, in the Tulpida, the Soricida,

and the Eri/iaceadcc. In the mole this union
is to a greater extent than perhaps in any other

animal of the Mammiferous class.

The hinder feet in the whole of this order

are plantigrade. In the mole, as Daubenton
and Meckel have observed, there is an addi-

tional tarsal bone, to those which are ordinarily

found. It is of considerable size, and seems to

answer to the falciform bone of the anterior

extremities already described. It is of an
uniform shape, of considerable size, and is arti-

culated between tlie scaphoid and the first

cuneiform bone, and extends forwards along
the first metatarsal.

II. Muscles.—The extraordinary develope-

ment of the bones of the anterior extremity in

the mole, will, of course, be associated with
a no less remarkable structure in the muscles
of the same part ; and the known habits of the

animal will account equally for the necessity

of such a structure in botli. I give a figure

of the muscles of the anterior extremity and
of the anterior part of the trunk from Cams.
(Fig. 446.)

Fig. 446.
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Tlie cervical |X)rtioti of the serratus mugnus
is simple, excessively thick and swelling, and
is attached only to tlie posterior vertebra. Tlie

trapezius consists only of two bundles of

fleshy fibres, which arise from the lumbar ver-

tebne, and are inserted into the posterior ex-

tremities of the long and narrow scapulae; and
as these fasciculi are nearly parallel, their

action would be rather to separate than to ap-

proximate the posterior parts of these bones,

were it not for a stron); transverse ligament
which holds them together. Their application

consists in movinj; the anterior part of the body
upwards. Tlie scapular attachments of the

rhomboiJeits are principally to this transverse

ligament of the two scapuls, and as it is in-

serted into a sort of ossified modification of a
cervical ligament, its othce consists in raising

the head with great force. The levator scapula

is wanting ; its existence would be obviously

useless. The pcctoralis minor is very slender

;

it is attached to the anterior parts of the first

ribs, and to the ligament, already mentioned,

which joins the clavicle to the soipula. There
are also two muscles arising from the anterior

part of llie sternum, and inserted into the large

head of the clavicles.

The most important muscles of the humerus
are the pcctoralis major, the latissiiiius dorsi,

and the teres major, all of which are of great

size; and it is by means of these muscles that

the astonishing efforts of the animal are made
in excavating his passages, and throwing the

earth behind him. The pcctoralis major is of
extraordinary thickness. It is formed of six

I)ortions, which arc all of them inserted into

the broad quadrate portion of the humerus.
Four of these portions arise from the sternum,

the finh from the clavicle ; and the sixth passes

across transversely from one arm to the other.

The lutissimus dorsi is also of considerable size,

and is inserted into tlie posterior surface of tlie

quadrate portion of the humerus. The teres

major, which is of enormous thickness, is in-

serted near the former muscle.

The other muscles of the anterior extremity

do not require particular description.

There is one peculiarity in the muscular sys-

tem which deserves special notice ; it is the

enormous devclopement of the punniculus car-

nosiLi ill the hedgehoc;, by which it is enabled

to roll itself up in a bull with such astonishing

force as to afford with its spiny covering a
complete protection against its most powerful

antaijonists. I proceed to describe this ap-
paratus and its uses.

As this muscular apparatus has no attach-

ment but to the skin, it changes its position

witli every movement of the integument ; and
it is therefore necessary to consider it under

the various relations which it assumes in the

different jxisitions of the animal. Considcrinit

it then, in the first place, as rolled up in a ball

(Jig. 447), eidier for defence or during repose,

Fig. 447.

the whole body is enveloped beneath the skin

by a strong sac or covering, consisting of a
mass of fleshy and concentric muscular fibres,

of an oval form. All tliese fibres are attached

intimately to tlie skin, and even to the base of

the spineswith which it is every where furnished,

so that it is even difficult to detach the fibres in

dissection. The thickest part of this fleshy sac

is at the lower margin or mouth of the sac,

at which part it forms a sort of sphincter, com-
posed of orbicular muscular fibres. On the

other hand, when the hedge-hog is unrolled,

and at its full length (Jig. 448), the muscle in

question totally changes its figure and relations.

The muscle now lies over the back, forming an
oval covering, the middle of which is very thiii,

Fig. 448.
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and the circumference exceedingly thick and
somewhat raised. To different portions of this

circumference of tlie muscular covering are

attached several accessory muscles. Anteriorly

tliere are two pairs ; one arising from the me-
dian line and in.serted into the nasal bone ; the

other, more external, apparently confounded at

its origin with the external orbicular fibres, is

inserted into the side of tlie nose and incisive

bones. Posteriorly a pair of broad muscles,

of a pyramidal form, arise from the posterior

part of the fleshy circumference, and are in-

serted into tlie side of the tail towards the ex-

tremity.

On the ventral aspect there are also several

portions of muscle, belonging to the same ap-

paratus. There is one beneath the throat, aris-

ing from the anterior part of the thorax, under
the skin, and is inserted about the lateral parts

of the head near the ears. Another arises from

the median line of the sternum, and passes

obliquely forwards over the shoulders, in front

of them, to join the margin of the great or-

bicular muscle before described. There is

another ventral portion which has a very ex-

tended connexion. It is attached around the

anus, to the lateral parts of the tail and neigh-

bouring parts, extends over the whole surface

of the abdomen, and then divides into two
portions; one internal, and larger than the other,

passes under the axilla, and is inserted into

the superior and interior part of the humerus

;

the other, external, passes laterally upwards, to

be inserted into the margin of the great or-

bicular muscle near the neck. The muscles
hitherto described lie superficially ; but there

are others which are seated underneath the

great muscle of the back. One arises from the

side of the head, being attached to the meatus
auditorius on each side, and loses itself in the

anterior point of the orbicular muscle. There
is also a thin layer of fibres lying beneath the

great muscle, of which the anterior are attached

to the superior interior portion of the humerus,
and the posterior to the third ventral muscle
already mentioned.

We liave here a very extensive and a very
powerful apparatus, and it now becomes ne-
cessary to consider its application. When the
hedgehog is rolled up in a ball, it is com-
pletely enveloped, as regards all the upper and
lateral parts of the body, in the great orbicular

muscle. When oncebrouglit into this position

the sim]ile contraction of the thick circum-
ference of the muscle, which forms a true

sphincter, is sufficient to retain it. 1( the ani-

mal unrolls itself, the disc of the great muscle
contracts whilst the circumference is relaxed,

allowing the exit of the feet and the uncover-
ing of the belly and sides : then the whole
muscle contracts together, and lies in a mass
on the back. l!y this universal contraction,

the necessary muscles become stretched, and
in a condition to perform their several offices

;

by the contraction of the anterior ones the head,
and by that of the posterior the tail, is raised,

whilst those which lie beneath raise the head
and neck to;;etliei', and jhe animal is now
ready for progression. Ou the other hand, on

the apprehension of danger, or when reposing,

it rolls itself into a ball by the following pro-

cess. The orbicular muscle relaxes, and the

muscles extendmg from it to the head and to

the tail extend it m those directions, whilst the

deap-seated transverse muscles which aie at-

tached to the external lateral portions, and lie

on the belly, bring this part of the circum-
ference downwards. At the same time the

head is brought downwards towards the breast

by the ordinary flexion of the head, and by the

cutaneous muscles of the neck already de-

scribed; the tail and the hinder legs are brought
forwards under the belly, and the flexors of the

limbs contract. The great orbicular muscle
passes downwards over the sides, then contracts

at the circumference, and forms a sort of sac or

purse, envelo])ing the whole body and limbs.

HI. Digestive organs.—ll is, of course, in

the structure of the digestive organs, and par-

ticularly in that of the teeth, that we find the

distinguishing characters of the whole order;

yet so nearly do these organs in the Insecti-

vora approximate to those in the insectivorous

division of the Cheiroptera, that it would not

have been possible to separate the two groups,

had there been no other important points of

distinction. From the insectivorous Qundru-
mana they are distinguished by the planti-

grade character of the posterior extremities;

from the bats by the whole structure of the

limbs, and from all the true Carnivora by the

tuberculated teeth.

There is no inconsiderable difficulty in as-

signing the various anterior teeth in the Insec-

tivora to their proper classes. In most of the

genera, according to the statement of both the

Cuviers and others, there are no canine teeth,

and the false molares are very immerous ; but
it is in many cases doubtful whether the an-

terior false molares, as they are termed by
these anatomists, be not theoretically canines

modified in their form. On this point, how-
ever, there is no possibility of coming to a

satisfactory conclusion, as every one will at

last form his own opinion on each case; I shall

therefore follow the arrangement of Frederic

Cuvier as the most generally known, and,
upon the whole, by far the best authority on
tlie teeth of the Mamniifera.

The incisive teeth vary greatly in the dif-

ferent genera. In Mt/gale, in Sculopx, and in

Comlytiiro, there is in the upper jaw but a

single incisor on each side, which is very strong

and of a triangular form. In the first of these

genera it is somewhat curved downwards and
backwards, and slightly resembles that of some
Rodentia. In .S'o;T.r (fig. 449) it is also single,

very strong, curved, and similar to the canine

tooth in the Carnivora, but furnished with a

strong tooth-like process posteriorly, appearing
almost like a distinct tooth.

In Tulpu (fig. 441) there are three superior

incisores on each side, which are small with

cutting edges, like those of the Carnivora. In
C/iri/soc/Uiiris (Jig. 450), the single superior

incisor is curved, convergent, obliquely trun-

cate and iminted ; and in Eriuaccus (fig.A'tl)

there are three pairs, of which the fust is large,
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Fig. 4 19. Siircr.

t 2

Fig. HI. Eriiiaceus.

Fig. 450. Chrysochloris.

L

obtuse, and strong, separated by a considerable

interval from its fellow, and convergent with

it. llie others are small and resemble false

molares. J a Tiipaia (fig. 452) these teeth

are two on each side, distant from each otiier,

and from the first false molar. The inferior

incisores also vary greatly in their form and
numlwr. In Scatops there are two, the first

small, the second larger and rcscmbhng in form

a canine tooth. In Condi/lura there are two,

rounded in front, flattened behind. In Talpii

there are four similar to those of the upper jaw,

and in Sorer there is one only of a very pecu-

liar form : it is very long from the anterior to

the posterior [ran, somewhat hooked, |iointed,

and, in, some species, the edge is notched or

trifid. There are no true canines, according to

the opinion of Frederick Cuvier, in any of

these animals, excepting Condytura, Tal/m,

(in which tJiey exist m the upper jaw only)

Ccntenes, anil Tupaia. The first tooth be-

yond the incisores, considered by Fred. Cuvier

as the first fialse molar in the lower jaw in the

mole, is by Baron Cuvier termed the canine. In
CtnUncs these teeth are of the normal form

;

and in fact the general arnangement of the

teeth in this genus indicates a marked approach

towards the Carnivora. In Condytura the su-

perior canine is strong and large ; the inferior

merely rudimentary.

The molares, .is in the other Zoophaga, are

divided into false and true. Those of the
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former class are very numerous and of very

various form in tlie different genera, and tlie

great diversity of number in tlie molar teelli

depends in most cases upon these, the true

molares being but three on each side both

above and below in all the genera, exce|)ting in

Chrysochloris, in which tliey are f;f, in Eri-

naceus, in which they are
J:^,

and in Ccnteiics

\.\. In ChiysKchloris the true molares are

very curiously and beautifully formed ; they

are much compressed from before backwards,

of a three-sided form, each of the angles ter-

minating in a sharp elevated point ; thus, in

those of the upper jaw, there are two situated

externally and one internally, and in the lower

jaw one externally and two internally. The
whole of the true molares, in all the Insecli-

vora, are formed of tliree-sided prisms, either

single or double, and surmounted by acute

tubercles.

The salivary glands are generally much de-

veloped in the Insectivora. In the hedgehog
the parotids are larger than the submaxillary;

the sublingual are placed in two rows, of

which the larger is situate nearest to the lower

jaw. In tlie mole these glands are very large;

the parotids are of an oblong shape, and the

maxillary are formed of several rounded and
detached lobes. In Sorex the maxillary glands

are of larger size than the parotids, and the

latter are situated very low to accommodate
the oblique direction of the auditory canal.

The form of the stomach in this Order of

animals is perfectly simple, and does not greatly

vary in the different genera. It is situated

transversely with regard to the axis of the body,
is somewhat elongated, and the two orifices are

distant from each other, as in many of the

Carnivora, and in the insectivorous bats.

The cardiac pouch is generally distinct and
rounded ; the pyloric extremity, on the con-
trary, is conical and perfectly even. In Erina-
ceus the cardiac point is considerable, the en-
trance to the CESophagus being at no great dis-

tance from the pylorus ; and the internal coat

forms numerous rugae and folds. This form of

the stomach and the existence of plica must be
considered as indicating an aberration from the

insectivorous type, and a certain degree of ap-
titude for the digestion of vegetable matters,

and we find accordingly that this, with a slight

exception or two, is the only family of the

Insectivora which can exist upon any but the
most exclusive animal aliment. The mole, the

Chrysuctdoris, and all their congeners, are in

this latter case ; but the hedgehog, as is well
known, will readily eat various vegetable sub-
stances, and often digs under the common
plantain for die purpose of obtaining the roots,

of which it appears to be very fond. Tlie sto-

mach varies a little in its form in the different

genera of the Siirkida. In the great shrew of
India it is transverse, the pyloric portion coni-
cal, of moderate dimensions, the cardiac pouch
small and the two orifices distant; a form
which indicates an exclusive aptitude for insect
food

; but it would appear that the water-shrews

f Hydrusiirci) must occasionally have recourse
to some kind of vegetable diet, as the pyloric

portion is so much elongated as to resemble in

some degree that of the Pleropidir or fruit-

eating Cheiroptera, exhibited in //g. 287, vol. i.

p. 600. In the mole the oesophagus enters at

about the middle of its anterior margin, and
the lesser curvature is nearly straight to the

pylorus. The membranes are extremely deli-

cate and almost transparent. The form is es-

sentially similar in Chrysochloris and in Con-
dytura. The stomach of Tupuia, according to

tlie Baron Cuvier, is of a globular form.

The intestinal canal is upon the whole re-

markably short in the Insectivora. There are

some exceptions to this rule, but the only one
bearing upon a difference of aliment is that of
the hedgehog, which, as has been before ob-
served, lives partially upon vegetable matters.

In this animal it is, with regard to the length

of the body, as 6.6 to 1 . In Ttdpa and Centenes
this proportion is even exceeded, but it is com-
pensated for by the extreme narrowness of the

canal ; the diameter of which is to its length,

in the mole, as 1 to 82 ; whilst in the hedge-
hog it is as 1 to 58. In Surex its length is to

its diameter only as about 3 to 1, or a little

more. There is no coecuni known to exist in

any of the Insectivora. Cuvier queries whe-
ther Tupaia be not an exception, but this we
have at present no means of ascertaining. The
liver is in general fully developed in all its

parts; there are the principal lobe, to which
the gall-bladder is attached, with a notch
answering to the suspensory ligament, a right

and a left lobe, and two smaller lobes or lo-

buli, a right and a left. The whole of these

parts are generally found, but varying without
any known law, or any ascertained relation

to functional peculiarity. In the hedgehog
and in the mole the left lobule is composed
of two portions, a cardiac and a pyloric, as in

theRodentia. InTupaia, according to the state-

ment of Cuvier, the three portions into which
the liver is divided belong to the principal lobe;

there is no right or left lobe, and the right lo-

bule is also wanting. The gall-bladder is for

the most part of considerable size. In the

hedgehog its fundus appears beyond the free

margin of the liver, and is supported by a
process of falciform ligament. In the Tenrec,
on the contraiy, it is as it were incrusted by
the substance of the right portion of the prin-

cipal lobe.

IV. Nervous system.—^The form and propor-

tions of the brain in some of the Insectivora ex-

hibit a degree of developement not materially

superior to that of the higher Carnivora; whUst
others, and especially the mole, have the same
higher proportion which are found in the Chei-
roptera : thus in the hedgehog the volume of
the brain is to that of the body as 1 to 168

;

whilst in the mole it is as 1 to 36. The pro-

portion of the cerebellum to the cerebrum in

the latter animal, however, indicates a consi-

derable developement of the sexual functions,

being as 1 to 4J. Supposing the theoiies of
many modern ]>liysiologisls to be correct, this

fact is in (lerfect accordance with the neces-

sities of the animal, whose means of obtaining

access to (lie opposite sex are extremely diffi-
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cult, and require intense ardour and perseve-

rance to effect this object.

Tlie most remarkable and interesting pecu-
liarities which are to be met with in the struc-

ture of any of the Mammaha are to be found
in the eye of tlie raole, and doubtless of the

nearly allied forms of Chrytorhlorit and the

other subterranean species. In these, in order
to meet the requirements of their habits, the

organ of sight is reduced to a mere rudiment,
whilst those of hearinjt and of smell are deve-

loped to an extraordinary degree ; and the

tlieory of the balance of' organs can scarcely

boast of a stronger support in the whole range
of animal organization than in this instance.

Tlie question whether the mole possesses vi-

sion has been long and often debated. With-
out entering into an unnecessary examination

of all that has been said on both sides of the

question, it may be well to observe tliat the

principal argument which has been urged on
the negative is derived from the absence of an
optic nerve. That this animal, at least our
common species, does jwssess the faculty of

vision to a certain degree cannot, however, be
disproved, whatever may be the means by
which tlie sense is communicated, that is to

say, whatever the nerve may be which supplies

the place of the true optic nerve ; and the ex-

periments of Henri le Court and GeotTroi St.

llilaire* would well nigh go to prove the

affirmative of the proposition. It has been
urged then that an optic nerve is absolutely

necessary to the existence of vision; and that,

therefore, either the mole has a true optic nerve,

or that it docs not possess vision. There have

indeed been three classes of observers on this

point ; those who maintain that the mole sees,

and that it possesses an optic nerve ; those who
contend that it is blind, and possesses no such

nerve ; and others have ventured to agree with

the former as to its power of vision, and with

the latter in denying the existence of the optic

nerve.

The eye of the mole is extremely small, but

differs not materially in its structure from that

of other animals. The pupil is elliptic and
vertical; the cornea even more convex than that

of birds; there is a sclerotic and a true choroid.

The crystalline lens is perfect, and much more
convex than in most of the Mammalia ; and
the eye-ball, emptied of its contents, exhibits

at the base a lining of a whitish colour. " In
an injected subject," says Geoffroi, " tlie cen-

tral artery of the retina was distinctly seen."

Whether there be or not a true retina will be
variously solved according to the views of dif-

ferent physiologists. If the nerve, whatever it

may be, which takes here the place of tlie

optic nerve, be really the seat of the sense of

vision, there seems to be no objection to con-

sider its expansion, upon which the pictures of

objects are impresse<l, as a retina ; giving the

name rather to the physiological than to the

anatomical character of the jKU-t ; but be tliis

as it may, from the posterior part of this minute

eye there passes a distinct branch of a nerve.

Perhaps, after all, the name and analogy of
this nerve will be viewed ditferently according

to the general views of organic devclopement

entertained by different physiologists. Geotfroy

considers it as the optic nerve, notwithstanding

it has no connexion with that part of the brain

which in all other cases is in immediate com-
munication with it; and he founds tins opinion

upon the theory that all organs are developed
from without. His words are as follow:—
" (iu'est ce que ce nerf ! la monstruosit^ et

la nouvelle theorie sur le point de depart des

d<!'veloppemens organiques assure ma marche

:

appuyd sur ces deux fanaux, aujourdliui heu-
reusement import^ dans I'histoire encore si

obscure des premibres formations je ne doute
pas que ce ne soit le nerf optique. C'est ce
nerf, [larceque cet appareil, qui est au complet
comme globe oculaire, a du se former de toutes

ses dependances jusqu'^ I'empi-chement qui en
arr£le le cours. Cette determination ne sauroit

dtre douteuse pour qui reconnait que le» or-

gunes naissent a la circonj'erence de I itre, d'ou
ils envoient leurs rameaux s'embrancher au plus
pnSs dans le centre.*

Amongst those who assert that the mole pos-

sesses a true optic nerve is Miiller. His state-

ment is so brief, and, it may be said, so unsa-

tisfactory, tliat it can scarcely be considered as

sufficient to outweigh the carefully formed opi-

nion of many who differ from him. His state-

ment, as given in Dr. Ualy's translation of bis

admirable book, is as follows:—" Some ani-

mals, though provided with eyes—for instance,

the mole and the proteia anguinui—have been
said to want the optic nerves; the sense of
vision being then placed in the ophtlialmic

branch of the fifth nerve. I'his statement has

arisen, in the case of the mole, from inaccuracy

in the anatomical examination; and the same
is the case probably in the Proteus. The mole
has an uncommonly small optic nerve, as Dr.

Henle has shewn me."t On the other hand,

Serres, Gall, Desmoulins, and others have

agreed in delaring that there is no nerve passing

from the optic lobes to the eye ; and Dr. Todd
has recently verified tliis statement, and traced

the nerve which does supply this organ, which
he finds to be the ophthalmic branch of the

fifth pair. I give an enlarged view of a dissec-

tion of this nerve, drawn by Mr. Bowman.
(Fig. 453.)

a is the fifth nerve within the cranium, b

the Gasserian ganglion, c the inferior maxillary

nerve, d the ophthalmic nerve going to the eye

(c,) y the supenor maxillary nerve, g branch of

the ophthalmic, supplying the side of the nose.

Dr. Todd in a letter to nie says, " I have

been lately looking at tlie point about the optic

nerve in the mole. 1 can see an optic commis-

sure, but no optic nerve beyond it, and I can

very distinctly trace a branch [the ophthalmic]

of the fifth to the eye. I carefully searched to

see if a second nerve were bound up in the

cellular sheath with it, but could find dodc.

* Graff. St. llilaire, Cours d'Hist. Nat. des Mum.
Icf. 16.

• Cours d'Hist. Nal. ilos Mammif. 16 Ip^. p. 27.

t MUUcr's Phys. by Italy, p. 767.
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Tlie chiasma is rery distinct, witliout a trace of

a nerve proceeding from it."

Fiir. 453.

The organ of hearing in the mole is so con-

structed as to afford the greatest possible deli-

cacy and acuteness of this important sense, and
thus to counterbalance the deficiency in that of

sight. It would indeed appear that the mass
of compact bone constituting the petrous por-

tion of the temporal, which surrounds the laby-

rinth in most of the Mammalia, must more or

less diminish the powers of hearing, for we find

it deficient in many animals, which from their

habits require this sense to be in the greatest

perfection. Thus, in the mole, the semicircular

canals are free and visible within the cranium,
without any preparation ; and the parietes of
the cochlea itself are almost as cellular and
loose as we find in birds.

The ear of the mole possesses no concha ; it

is small m the shrews; and in the water-shrews
(Hi/drosores) tlie external meatus is closed at

the will of the animal by means of the anti-

tragus; a provision obviously essential to its

aquatic habits.

When it is considered that the sense of

vision is only available on the rare occasions

of the appearance of tlie mole on the surface,

and then only for very limited objects, and that

all its intimations of danger, and its only guide
to the opposite sex, are by means of the sense of
hearing, the necessity for this extraordinary deve-
lopement of that sense at the expense of that of
sight becomes obvious. And as, from the nature
and situation of its food and its means of pro-

curing it, the sense of smell is equally neces-
sary for effecting this object, we find that the
olfactory organ is also of considerable volume.
Tlie structure of the nose itself is highly curious
and admirably suited to the habits of the ani-

mal. The cartilages of the nose are elongated

into a tube or trunk, which extends far beyond
the osseous basis, and is supported by a very

delicate moveable bone, which is represented
in tlie figure of the cranium of the mole at

Jig. 441. It is furnished with a muscular appa-
ratus of considerable complexity {seejig. 446),
consisting of no less than four pairs of muscles,
which arise from above the ears, and passing
forwards are inserted by separate tendons into

the circumference of the extremity of the carti-

laginous snout. This structure is of the utmost
advantage to the animal in its subterranean
search after worms and insects.

There is no order of Mammalia in which a
greater contrast is exhibited in the external

covering of the body than in the different

groups of the Insectivora. The porcupine
and the mouse, amongst the RoJt-ntia, do not
offer a more remarkable contrast in this respect
than do the two families of the Erinuccudie and
the Tulpid<c. The habits of the hedgehog de-
pending for its defence upon the panoply of
armour which it presents to its enemies, when
rolled up in a compact ball by the muscular
apparatus already described, it is furnished on
all the upper and lateral jiarts of the body
with hard sharp spines or quills. Fig. 454

Fig. 454.

is taken from a drawing by William Bell,

engraved in the Ilunlerian Catalogue, vol. iii.

from which also the following description is

borrowed:—" On the cut edge of the skin

may be seen the roots and sockets of the quills,

extending to different depths from the surface,

according to the period of their growth : the

newly formed ones are lodged deep and ter-

minate in a broad basis, the pulp being large

and active, and the cavity containing it of cor-

responding size; but as the growdi of the quill

proceeds, the reflected integument forming the

socket contracts, and gradually draws the quill

nearer the surface; the pulp is at the same time

progressively absorbed, and the base of the
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quill in consequence gradually increases in size,

so that it is at lust seen to be attaclied to llie

surface of the skin by a very narrow neck,

below which the remains of tlic socket and
theca are seen in the form of a small bulb."

C I'ig.iSA, u.) " A completely formed prickle or

quill cut longitudinally and raagniticd, shewing
that it is hollow and filled with a pithy sub-

stance, which is transversely dis|x>sea, so as to

divide the cavity into many sections." Hut the

defence of the animal against attack is not the

only object of this modification of the hair.

I have more than once seen a hedgehog run to

the edge of a precipitous descent, and without

a moment's hesitation throw itself over, rolling

itself up at the same instant, and on reaching

the bottom run off perfectly uninjured. It is

unnecessary to point out liow perfectly this

habit is provided for by the elasticity of the

spines, dependent upon their structure, as ex-

hibited in the figure. The under parts of the

body and the limbs are covered with ordinary

hair. The Tenrec and other Erinaceada re-

semble the hedgehog in these respects, and
in some species the quills and hair are inter-

mixed.

Tlie mole, on the other hand, possesses hair

of the softest and most flexible description.

In its subterranean galleries, which are not

large enough to allow it to turn round, it must
often be obliged to retreat backwards ; and the

hair therefore is so constructed as to lie equally

smooth in every direction. This has l)een sup-

posed to be effected merely by its growing ex-

actly per|)cndicular to the surface of the body

;

but it is in fact still more effectually provided

for by a remarkable form of the hair itself.

I'lach hair consists of tliree or four broader

portions connected by intervening portions of

extreme tenuity; so that there are several

points in the length of each hair which pre-

sent no appreciable resistance. The hair

of the shrews is similarly constructed, and in

each case it is to this structure that the pecu-

liar and beautiful softness which characterizes

it is owing. It is worthy of remark that the

colouring matter of the hair exists only in the

broader portions, the intermediate parts being

wholly colourless.

V. Organs of reproduction. — The repro-

ductive organs of the Insectivora offer, in

several instances, some remarkable peculiari-

ties. Tlie subterranean life of many of these

animals renders the meeting of the sexes in

their natural haunts a matter of almost for-

tuitous occurrence ; and it is therefore neces-

sary that the sexual desire should in the male

be sufficiently powerful to force him as it were
to seek and pursue the other sex through all

the difficulties and disadvantages occasioned

by their peculiar habits. Hence we find that

in most of them the male organs are developed

to an extraordinary degree; and in the mole
the enlargement of the testes as the season of

pairing advances is as remarkable as it is in the

sparrow or in any other example of this sea-

sonal increase of those organs. Two incom-

patible statement* have been made respecting

ihe testes in the mole. Cuvier asserts that

they make their appearance externally during

the season of pro|xigatjou. Ulumenbach d»-
dares that they belong to ttie true Ictticonda,

with the hedgehog, &c. The truth is, as de-
monstrated with his usual ingenuity by Geof-
roy St. Ildaire, that the testicles of the mole
never make their appearance externally, al-

though during the season of their greatest de-
velopement they would do so but for the

peculiar construction of the parts in which the

organs of generation in this animal are con-

tained ; for the abdominal cavity extends be-

yond the pelvis, as far as the first four coccy-

geal vertebrsE, which in fact do not, properly

speaking, in any degree constitute the tail,

which is formed only of tlie posterior seven

vertebra;, and the testes during the season are

protruded so as to lie concealed under this

portion of the caudal division of the spine,

which forms as it were a continuation of the

upper part of the |>elvis. In the hedgehog the

testes remain within tlie abdomen excepting

during the spring, and even then they are but
little protruded. The object of their being
thus generally protected is obvious: in the

hedgehog these organs, if external, would be
exposed to danger from the act of rolling itself

up, and in the mole and its congeners they

would interfere with the act of excavating

their subterranean passages. The penis in the

mole possesses a remarkable peculiarity, which
doubtless has reference to the condition of the

female organ presently to be described. It

consists in a small terminal bony appendage,
covered but slightly by integument; it was
considered by Uaubenton as the os penis, but
from its different situation it may be doubtful

perhaps if it be in truth analogous to that part.

The male organs are in the hedgehog deve-

loped to an extraordinary degree, more espe-

cially the vesicula seminates. The testes are of
an oval form, smooth, and although large in

proportion to the size of the animal, are much
smaller than the vesiculae seminales ; these are

of enormous size, each consisting of four or

five fascicles of extremely convoluted tubes,

the membranous parietes of which are ex-

tremely thin and fragile. Cowper's glands and
the prostatic gland are also of considerable size

in this animal. The orifices of the vaia defe-

rentia, vesicula seminales, prostatic gland, and
Cowper's glands all open within the foramen

coDcum of the urethra.

The female organs in the mole offer some
peculiarities which deserve more attention than

they have hitherto received.

In the first place, it appears that in this

animal the urinary and genital orifices are

Fig. 455.
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wholly distinct. The clitoris, (fig. 455, c,)

which is of considerable length, and very much
resembles the penis of the male, is pierced for

the passage of the urine, and tlms constitutes

a true urinary penis. Ucyond this is a trans-

verse slit of a slightly crescentic form, (Jig.

455, 2), which constitutes the opening of the

vagina. There are none of those duplicatures

of the integument which in other Mammalia
constitute the labia and ?n/niphie, but the skin

is smooth. But one of tlie most curious

points in the structure of these parts is that

in the virgin state this vaginal aperture does
not exist, fjig. 455, 1,) the skin being per-

fectly and tightly drawn over the entrance ; so
that tliere are in this state but two openings, the

urethral and the intestinal. So perfectly is this

the case that it is very difficult to know a virgin

female mole from tlie male by mere external

examination. As this covering is so tense, the

utility of the little bone at the extremity of the

penis in the male is very obvious, and its

pointed and tapering form is at once accounted

for : it is clearly intended to perforate this tense

covering to the vagina.

Another peculiarity in this animal is that the

abdominal cavity being extended greatly be-

yond tlie pelvis, the vagina, the rectum, and
the urinary passage terminate considerably fur-

ther back than in other animals. The opening

of the rectum is opposite to tlie articulation of

the fourth with the fifth caudal vertebra.

The uterus is of considerable size in the mole,

and its comua much convoluted.

For Bibliography, see that of Mammalia.

(T.Bell.)
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digestive organs, 131

respiratory organs, 130
excretory glands, I.Sfi

oraans of generation, 137
Erertile iissne, 144

Excri'Uoti, 147

I. Necessity of excretion, 148

II. Products to be held excretions, 149

excretions from the hmgs, 149
skin, 149
bowels, 149

kidneys—urine, 149
exrremcntitious and recrementitious secretions,

150

III. Effects of the suppression of secretions on the
animal economy, I.'jO

IV. Manner in which excretions arc cffiTted, l.iO

V. Matters of excretion are separated from the blood
rather than formed at the parts where they ap-
pear, 151

VI. Original source of the matters thrown out by ex-
cretion, 152

Extremity (in human anatomy), 154
superior extremity, 154

clavicle, 154

structure, 156

development, 156
scapula, 156

structure, 159
development, 159

humerus, 159

structure, 16I

development, I6l

fore-arm

:

ulna, 162
structure, 163

radius, 1G3

structure, 164
development of radius and ulna, IC4

hand, i6j

inferior extremity, 165

femur, 165
structure, 167
development, I67

patella, 168

structure and development, l«8
leg:

tibia, 16h

structure, 170
fibula, 170

structure, 171

development of the bones of the leg, t? I

abnormal conditions of the bones of the extremi-
ties, 171

Euei
general view, 171

sclerotic coat or membrane, 174
coinea, 175

choroid coat, I7«

tapetum, I79
orbiculus s. cirrulus ciliaris, cjliarv circle, I«o
corpus ciliare, ciliary processes, 160
pigmentum nigrum, 180

iris, 182

membrana pupillaris, 184
retina, 185

lamina cribosa, 185

fiorus opticus, 186
ayers or membranes, 186
foramen cenirale,orforamenof Soemmerring, isa

vitreous humour, 191

canal of Petit, 192
corona ciliaris, lyj

crystalline lens, 194
capsule, 199

aqueous humour, 201
pecten s. inarsupium nigrum, 203
choroid gland or muscle, 205

Face tin anatomy generally and in human anatomy), 307
I. IJones of the face, £07

superior maxillary bones, 207
maxillary sinus, 209

connexions of the maxillary bone, 209
structure, 209
development, 209
ossa intermaxillaria, 210

palate bones, 210
connexions, 21

1

structure and development, 211
malar hones, 211

connexions, 211
structure and development, 912

nasal hones, 212
connexions, 219
structure and development, 212

lachrymal bones, 212
ct)nnexions, 212
structure and development, 212

inferior turbinated or spongy bones, SI8



ANALYTICAL INDEX. 1009

Focv (voniinHeti)

.

coiinexioDB, -us
ilructiirt- anddevrlopmcni, QM

vomer, '^13

ciiiinexions, <i\3

*t ruct lire und development, 4IS
lower jaw bone, H3

sinicture, iii
cimncxiori* and iiscs, -21)

develop 111e II I » <HS
of the face in general. Oimensioiu, «?5

meclianism of the face, -HJ
developineni of the face, VIA
articulations of ihe fare, «|0
abnormal condiitont of the bones of the face,

All)

II. Muscles of the fare, »Q0
orbicularis pal|>ebmrum, «9l

relations, 3^1
action, s^l

corrugatoi aupercilii, ««
levator palpcbne superioris, ii^

relations and action, 9i4
tnuKles of the nasal region i

fiyramidnlis, «M
evator Ubii superioris alsque nui, TO

relations and action, %t9
triangularis nasi, «3

relations and action, 99A
depressor ala nasi (myrtiformis), N3

relations, tftS

dilator alae nasi, 929
muscles of the labial region

.

oibicnlaris, 9iS
relations, 993
actions, s«4

naso-labia lis, 9M
levator labii superioris, 984

relations and action, S84
xygomaticus miner, tftf4

relations and action, SM
xygomattcus mwor, 944

relations and action, 934
levator anguli oris, M4

relations and action, W4
depressor anguli oris (triangolarii oris), M5

relations, action, 996
depressor labii inferinris (qnadratus menti), 995

relations and action, 995
levator roenti (houppe du mentou), tt&

action, 92b
buccinator, 995

relations and action, 990
platysma myoides, 9rf
general review of the mutclea of the &ce, 897

III. Inteicumenisof theface, 997
IV. Vessels of the face, 99?
V. Nerves of the fare, 9i6
VI. Abnormal conditionsof the soft parts of the face,

9^
/'OMW, 99D

I, Cellular fascia, 9^9
9. Aponeuroses, or aponeurotic fascia, 931

Fatf 931
varieties of tat

:

lard, »9
human fat, 939
fat of beef, 939
neat's foot oil, 933
goat*s fat, 9SS
mutton fat, 433
whale or train oil, 933
spermaceti oil, 93i3

plioccnine, 934
fnt of birds, 934
fat of insects, 933
adipocere, 93 s

Femoral arttty, 935
course and relations generally, 93s
femoral canal and femoral nhcath, 937
particular course and relations, 937

in its 8»i»crinr portion, 937
in its second or middle portion, 949
in its inferior portion, ^49

varieties, 943
branches of the femoral artery, 943

superAcial epigastric, 943
external pudic, 944
anterior itiac, 244

profunda femoris, 94&
branches of the proftinda, 940

external rirrumftex, <240

internal cirrumflcx, '247

Arst perforating arter>', 948
second pciforating artery, ^49
thinl pcrforntina artery, 948
termination of tlic profunda, 949
annstninoiica mnpna, or superficial supe-

rior internal articular, ii<i

other branches, and consideration! on the
collateral circulation of the thigh, 949

VOL. II.

Frmoral artejf (nntituuil) .

anastonotes of the branches of U|c femoral ar-
tery, 9M)

effects of obstructions at differeni points in the
course of the artery, 95

1

operative relations of the femoral artery, 9V2
fUriae, 9*7
Pibro-cartitage, 900

morbkl conditions of, 903
t'xbrviu lisnic, 901

white flbruua organ*, 9ttS

vellow elastic fibrous orgaiUt 909
I. White fibrous organs, 90A

bloodvessels, -^3
abaurbents, 903
nerves, 903
chemical proprrtiea, QflS

physical properliea, 903
periosteum, 904
fascia:, 904
lendinotu sheaths, M
fibrous coverings, 904
ligaments, 904
tendons, 905

I I . Yellow elastic fibrous organs (tela cUslka), 9B>
organixation and properties, 905
morbid anatomy of the fibrous tissues :

Inflammation, 900
cartilaginous transformation and owlftcaUoSy

900
fungus, 900
osteo-sarcoma, 907

FUmlOT arteryt (artcria peroncxa,} 967
branches

:

anterior [>eion(Bal, 997
posterior peroneal, 907

F^ftkpatrqf iierMS, trigeminal or trifiK^al nme, 99B
general structure and encephalic connexions, 908
external or extracephalic portion of the nerve, 978
first or ophthalmic division, 970
its branches

:

recurrent branch of the first division, 979
frontal nerve, 979
natal nerve, 9di
lachrymal, 9^2

second division of the fifth or superior maxillary
nerve, 983

iu branches:
tem poro- malar, 9ft4

spheno-palatine, 9^4
sphcno-palatiiie ganglion, or ganglion of Meckel
985

posterior-superior dental, 909
anterior-superior dental, 989
facial branches, 9119

third division ofthe fifth or Inferior mi&ilUry ncrve«90O
its branches

:

the masseteric, 991
the deep temporals, QOI
the buccal, 991
the pterygoid, 591

otic, or auricular ganglion of Arnold, 999
thesuperflcial temporals, 993
the interior maxillary or dental, 994
the lingual, 99&

chorda tympani, 99&
submaxillaiy ganglion, 997

ganglion of the fif^b nerve, gijiglion semilnnare Gms-
serii, 998

vital properties of the fiftb pair of nerves, 999
sensibility, 999
influence upon sensation and volitioa, 909

Bell's experiments, 999
Hagendie's experiments, 900
Mayo's experiments, SCO

relation to the special senses, 30ft

smell, 305
vision, 307
hearing, 309

influence upon the nutrition of the pnrts to which
it is distributed, 309

progression, 315
influence of disease on the functions of tJic nerve,

316
Fatiu (normal anatomy), sub voce Oram
Fatut (abnormal anatomy), 310

atrophy, Sid
hernia, 319
hernia cerebri, encephatocele, 390
spina bifida, 391
cranial tumours, 393
injuries of the cranial hones, 393
fractures of the long bones, 394
mutilations, scpuation of parts already fonnrd,

convulsive affections, 399
effects of mental impressions on the mother, 330
effects of inflammation, organic lesions, &c. 330

in the stomach and bowels, 331
liver, 331

lungs, 331

3 V
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I'vitm (t:on»inued) .

pleuritis, 9:i'2

purulent etfusions, 33'i

dropsical etfiisions, SS'i

induration of ilie cclUilar tissue, S3a

cutaneous atfcciions, 3?3

affections of the heart and pericardium, 334

pericarditlB, 334
thymus, 334
thyroid gland, SSs
abnormal conditions of the foetal bladder, 33&

urinary deposits, ^SO
premature development of teeth, 336
intestinal worms, 336
imperforate anus, 339
rickets, 337
jaundice, 337
cirronosis, 33?
accidental morbid tissues, 337

Foot, bones of the, 338
tarsus, 3S9
BStraL'alus, 339
OS cafcis, 339
ns cuboides, 340
OS scaphoides, 340
ossa cuneiformia, 340
structure of the tarsal bones, 341

development, 341
metatarsus, 341

structure and development of its bones, S4'2

toes : their piialanges, Stc. 34a
joints of the tarsus, 342

anterior astragalo-calcanien articulation, 34i
cuneo-scaplioid articulati<m, 343

cuboido-cuneen articulation, 343

articulation of the two rows ot tarsal bones to each
other, 343

astragalo-scaphoid articulation, 943
calcaneo-cuboid articulation, 349

motions of the tarsal joints, '3-)4

tarso-metatarsal anic\ilatiuns, 344
metatarsal articulations, 34^

metaiarso-phalangeal aniculationa, 945
articulations of the toes, 34.t

motions of the metatarsal joints, 34S
metatarso-phalangeal joints, 343
phalangeal joints, 34.')

general mechanism and endowments of the foot,

arches, Sic. 34f>

Foott abnormal conditions of the, 347
dislocations, 347
congenital displacements of the bones, 94?

distortions, 348
varus, 348
valgus, 348
pes equinus, 349
fiat-foot, 350

Foot, regions of the, 351
dorsum, 351

integuments and subcutaneous cellular liiisuc,

veins, Stc. 351
fascia and aponeurosis, 352

region of the toes, 353
plantar region, 353

proper plantar region, 953
fascia plantaris, 354
deep-seated parts, 354

plantar region of the toes, 95i
practical inferences, 955

Fvott muscles of the, 357
of the dorsum

;

extensor brevis digitorum, 357
interossei externi s. dorsales, 35S

of the plantar region :

abductor pollicis, 35S
flexor brevis pollicis, 358
adductor |)ollicis, 3^8
abductor minimi digiti, 353
flexor brevis minimi digiti, 356
flexor brevis digitoruiti s. pcrforatus, 358
flexor digitorum accessorius 9. massacarnca Jacobi

Sylvii, 358
lumbricales, 33R
interossei intemi a. plantares, 358
transversalis pedis, 358

classiflcation of the muscles of the font according tu

their effects, 359
Fore-arm, (surgical anatomy,) 36i

integuments, and parts immediately subjacent, 36i

aiKJUCurosis, 363
vessels, 363
fracture of the fore-arm, 364

f-'orc-arm, muscles of the, 365
in the anterior region, 366

supinator radii loiigus, 366
extensor c&r|ii radialislungior, 366
pronator radii teres, 366
flexor carpi radialis, 366
Iialmarisloiigus, 36?
lexor communis digitorum sublimis s. pcrfora-
tus, 367

Fvre-arm, (continue<t)

.

flexor carpi ulnaris, 367
flexor longiis prnprius pollicis, 368
flexor communis digitorum profundus s. perfo-

rans, 368
pronator quadralus, 368

in the posterior region, 368
anc«meus, 368
extensor carpi ulnaris, 369
extensor communis digitorum, 369
extensor carpi radialis brevior, 369
supinator radii brevis, 369
extensor oBsis metacarpi pollicis, 369
extensor primi internodii pollicis, 37O
extensor secundi internodii poUicis, 370
indicator s. extensor proprius primi digiti

manus, 370
Fourth pair ofnerves, 370
Ganglion, 371

organization, 373
reddish grey matter, 372
fibres, 374

arrangement ot the fibres in ganglia, 374
nature of the fibrca connected vr it h H^ngtia, 375

coverings, 376
bloodvessels, 3/6
chemical composition, 376

Caslerojwila, 377
characters of the class, 377
division into orders, 377
tegumentary system, 379

growth of shell, 980
operculum, 3e'4

organs of digestion, 984
mouth, 384
alimentary canal, 384
accessory glands, 988
salivary glands, 388
biliary system, 388

organs of respiration, 389
organs ofcirculalion, 390
nervous system, S92

common sensation, 394

touch, taste, smell, 394
vision, 395

generative system, 396
ova, 401

reproduction of lost parts, M>2
muscular integument, 40Q
body, 40i
retractile muscles, 403

foot, 403
particular secretions, 404

Gelatin, 404
Generation, (in human and comparative anatomy,) organs

and means of, 406
flssiparous generation, 407
gemmiparous generation, 407

oviparous generation, 407
I. Division.—Animals in which ovlgerous organs
only have been distinctly recognized, 409

II. Division.—Animals provided with ovigerous
organs combined with an additional accreting

structure, probably subservient to the fertili-

sation of the ova, 410
III. Division.—Ovigerous and impregnating or-

gans co-existent, but the cooperation of two
individuals necessary for mutual impregna-
tion. 411

IV. Division.—Sexes distinct, 1. c. ovigcious and
impregnating organs placed in separate inUi-

vidualb, 413
Insects, 413
Arachnida, 41?
Crustacea, 417
Mollusca, 417
Vertebrate ovipara, 418

Fishes, 418
Ueptites, 419
Birds, 4^1
Mammalia, 421

testes, 440
prostate, 4*22

Cowper'a glands, 42i
accessory vesicles, 4'it

penis, sirviciure of, 42!

Generation, (in physiology,) 494

1. Function of reproduction generally considered, liti

introductory remarks, 4'j6

theories of generation, 427
spontaneous generation of animals, 429

11. Sketch of the principal forms of the reproduclivc
function in different animals, 432

I. N0n-sexu.1l reproduction, 4^;

flpsipuroue general ion, 4:i2

gciiuniparous pcnerntiuu, 433
reproduction by separated buds or sj.orulcs,

43J
J Sexual reproduction, 4J1

nature of the ovum, 434
herranphroditc generation, 4Jl
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Generation, (cmtimueit)

.

divciniit rrpmdiirtlon, or with dUllnrt In-

(liviiliiaU (il (llUVnnl sexe*. UvifMiroui
,iiiil viviparouH {trncrntinn* 43)

ovovinurou* gciiention, 43)
rarteties in respcft to utero<gesutinn and

the development or the youngt iVi
Marstipiate ^i-niTilion, 430
Monotreinatuti* ^tiitM^tton, 437
compariBun of aiiinial and vegetable rrpro-
ductton, 437

synopiiral table of the various rormt of the

reproductive proccis, 43fl

III. Reproductive funcium in man and the higher
animal*:

1 . tkctch of this function In man, 438

organs of reproductioDf 438
piibcriv* 439
tnicturaldiffcrencetof Che*exc*t <99
menstruation, 430
periodical beat in animaU, 44)

age at vrhich puberty octurs, 441

period during which the generative funaion
is exercised, 448

effects of castration, 443

leximl feeling, 443
relation of reproduction to the brain, 444

distinction of species. Mules, 444

functinns of the external organs of repro-
duction, 44&

erection, 443
IV. Change* consetiuent on fruitful sexual union

:

I . As regards the female. Conception, 447

approximation of thefimbriated extrcmitie*

of the Fallopian tubes to the ovary, 447

changes in the ovaries: bursting of the
OraaBan vesicles, 44S

formation of the corpus lutcum, 449
descent of the ovum. Its structure and
changes during Its passage, 4M

time at which it arrives in the uterus, 433

changes in the uterus after conception, 4*4

irregularities in the descent of the ovum.
Abb

circumstances influencing liability to coo-
ceptioD, 4!i0

signs of recent conception in women, 4i7

9. As reg'jrds the male, 4»7
properties ofthe seminal fluid, 437

chemical proiwrties, 458
spermatic animalcules, 459
table of their sizes in different animals,

460
circumstances upon which the fecundnting

property of the seminal fluid depends 4flt

difference between the fecundated and uule-

cundated ovum, 463
is maierinl contact of the semen and ovum
necessary } i&i

pxieriial and artificial fecundation, 46«

course of the seminal fluid within the female

organs, 404
nature of the fecundating principle. Hypo-

thesis of an aura, Atc. 460

gencrai conclusions respecting fecundation,

V, Miscellaneous topics relating to the preceding
history of gt-neration, 468

1. supcrfa:tation, 469
9. inAitcnce exerted by parenU on the qualities of

their offspring, 470
3. number of chtlifrenand relative proportion of

the male and female sexes, 47)*

table of the proportion of males to females

born in different countries, 478

(ilatut, 480
divisions and k.inds of glands, 4t)l

situations, 4^1

organtzaiton, 48!
minute structure, 481
excretory ducts, 4B0
stnicuire of the secreting canals and excretory

ducts, 487
bloodvessels, 487

arrangement of their minute subdivisions, 488

lymphatics, 489
ncrveii, 4k9
interstitial cellular tissue, 489

investing membrane, 4«9
gpnerni tontUisions retfarding the minute struc-

ture of ijliuids, 4f>0

hypotheses on this subject, 490

development of (;Unds, 4W
Glossty-pharytifrtal ntrvc, Mti

origin ami course, ganglion junulnrc, ramus tympa-

nicu5 or nerve of Jactibi-on, ice. 498

digasirir and stylo-hyoitl branch, 496

< arotid branches, 496
pharynpcnl branches, 4(>rt

lingual blanches, 497
tonsillilic branches, 497

phv^ioloRV of this nerve, 4*17

Gtutttal Hegiom, (Id surgkal anatomy,) MX>
Groin, UmumiiftKtt (in surgical anatomy,) 30)

JlfrmaloMtmr, M3
Hair. Vide Tf)f«iiieiiiiiry Syttem, W*
Hamt, iltme$ qf tke, (human anatomy,) M*

I. Carpus, y»
OS naviculare, M>5
OS lunare, 503
OS cuneiforme, 303
OS pisiformc, 503
OS trape^um, 300
OS trapeaoides, 300
OS ma|num, 300
OS unciformc, 3O0
structure and devdopment of the bones v4 carpus,

300
II. Metacarpus

:

first, second, third, fourth, and fifth metacarpal

bones, 307
structure and devetopment uf the metacarpus,

507
III. Fingers, 307

metacarpal, middle, and ungual pliolanges, MT
structure and development, 507

joints ofthe hand

:

joints of the carpus, 308
articulation of the two rows of carpal bones to

each other, 508
motions ofthe carpal articulations, 308

articulation of the pisiform bone, 50il

carpo-metacarpal joints, 309
tnotions of the carpo-metocarpal joints, 500

joints of the fioKert

:

metacarpo-^alaiigeal joints, 310
phalangeal Joints, 510
motions of the joints of the Angers, 310

Ifand, Jbnormal ComHtitma q/^Uhc, 3IO

I. As results of accidents, 310
luxations and fractures, 3tO
luxation of the bones of the carpus, 310

luxation of the bones of the meiacaipus, 511

luxation of the metacarpal bone of the thumb,
311

luxation of the phalanges of the Angers, 5tl

first phalanx of the thumb from
the metacarpal bone, 31

1

anatomical characters of this accident, 518

luxition of the second and third phalanges* 314

II. Diseased conditioiu

:

spina ventosa, case of, 314
strumous osteitis, 316
malignant tumours, 310
abnormal conditions of the fingers, the result of

acctdenis, and morbid affections of otie or

more of theirconstitueni structures, 517

contraction of the fingers from disease of

the palmar fascia, 317

anchylosis of the Joints of the phalanges,

318

III. Congenital malformations ofthe hand, 319

HoNff, MosclesqflAc, (human anatomy,) 519

I. Muscles ofthe palm :

a. muscles of the external palmar region, 310
abductor poUicis, 319

relations, 319
flexor oasis roetacarpi s. opponens pollicis, 319

relations, .S90

flexor brevis pollicis, 380
relations, 380

adductor pollicis, 380
relations, 580

6. muscles ofthe internal pAlmar region, WO
palmaris brevis, 380

relations, 580
abductor minimi digit!, 390

relations, use, 580
flexor brevis minimi digiti, 38)

relations, 581

adductor ossis metacarpi s. opponens mtnlmi
digiti, 581

relationi, 381

r. muscles of the middle palmar region, 381

lumbricales, 381

relations and uses, 381

interossei interni diKitonim, 381

relations, use, 581

II. Musclesof the dorsum .

interossei externi, 38

1

relations, uses, vti

motions of the hand and its parts, 5M
lianiit Rrgicmnftket (surgical anatomy), 381

I . Pafmar region, 389
skin, 384
subcutaneous cellular tissue and nerves, 384

aponeurosis, 584
anterior annular ligament, 384

palmnr fascia, 383
vessels and nerves

:

ulnar artery, 585

radial artery, M^
veins, lymphatics, nerves, 5«6

median nerve, so?
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Ilaml, Regions of the, (cnntinuefl).

ulnar iRTvi', 527
muscles and lundimfif ^37

II. Dorsal retjion, *>27

skin, 528
subcutaneous layer and veins, b58

aponeurosis, b^6
nerves, i28
tendons and muscles, b2S
arteries, 529

remarks on amputations of diifcrcnt members of
the hand, 529

Hearing, Organ of. The ear, 509
I. The ear-bulb or fundamental organ of hearing, W9

1. osseous labyrinth, bw
vestibule, 530
emicircular canals, 530
cochlea, b3\

canalis spiralis, 531

axis, modiolus, columella or central pil-

lar, 531

lamina spiralis, spiral lamina, and scale,

&3e
the aqueilucts, S3Q

membrane lining the labyrinthic cavity,

533
of the cochlea in the recent state, 533

farther observations on the acjueducts, 5S9

of the liquid of the labyrinthic cavity, pe-

rilymph, or liquid of^Cotugno, 53(j

2. membranous labyrintli, 536

common sinus, membranous ampullae, and
membranous semicircular tubes, 537

saccule, sacculus roiundus, 538
liquid of the membranous labyrinth, endo-
lymph or vitreous humour of the ear, 538

of the masses of calcareous matter contained
within the membranous labyrinth, ololithi

and otoconia, 539
auditory or acoustic nerve and its divisions,

539
bloodvessels of the labyrinth, 542

arteria cochlese and arteria vestibuli, 542
n. Accessory parts of the apparatus of hearing, 543

I. Middle ear or tympanum and its appendages:
cavity of the tympanum, 543

promontory, fenestra rotunda, and fenes-

tra ovalis, 543
eminentia papillaris s. protuberantia py-

ramidalis, 544
cochleariform process, 544

osseous portion of the auditory passage, 544
tvmpanic ring, 544

memlirane of the tympanum, 545
structure of the proper membrane, 545
hiatus Kivinianus, 546

the ossicles or small bones of the ear, 546
malleus or hammer bone, 546
incus or anvil-bone, 546
stapes or stirrup-bone, 547
position, connexions, and articulations of
the small bones of the ear, 547

muscles of the small bones, 548
internus mallei s. tensor tympani, 54S
stajiedius, muscle of the stapes, 549

lining membrane of the cavity of the tym-
panum, 549

the Bustachian tube, 549
osseous part, 549
cartilaginous and membranous por-

tion, 550
8. The external ear, including the auditory pas-

sage, 5)0
A. I'he auricle, auriculas. pinna, 550

helix, 550
antihetix, 551
antitragus, 551
tragus, 551

ligaments of the ear:
anterior ligament and posterior ligament,

551

muscles of the ear :

muscles which move the car as a whole, or
extrinsic muscles:

elevator auris, attoUens auriculam,
551

retractor muscles, retrahentes auri-

culam, 55'2

anterior muscle, attrahcns aiiricu-

lam, 552
intrinsic muscles of the car

:

heiicis major, 553
helicis minor, 55:2

tra^icus, 552
antitragicus, 552
transversus auriculae, 552

D. The external auditory passage, meatus audito-
rius externus, 552

the cartilaginous and membranous por-
tion, 552

incisur<£ Sanloriuinno;, 553

ccruminous t^lunds, '>si

iiearing. Organ of, (coruinued)

.

nerves of the accessory parts of i lie apparatus
of hearing, 554

nerves of the tympanum, 554
nervus petrosus superficialis, 554

intumescentia gangliformis nervi fa-

cialis, 554
chorda tympani, 554
ramus auricularis nervi vagi, 554

nervous anastomosis in the tym-
panum, 554

nerv!i8 tympanicus, 554
nerves of the auricle and auditory pas-

sage, 555
arteries ofthe external ear and tympanum,

556

III. 1. development and abnormal conditions of the

organ of hearing, 557
A. of the ear-bulb, 557

B. of the tympanum and its contents;—
cavity of the tympanum, 559

small bones of" the tympanum, 560

C. of the externa! ear, 56

1

IV. parallel between the ear and the eye, 562

Hearing, (in physiology,) 564
preliminary observations on soimd, 565

pitch, intensity, and quality in musical sounds, 566

reflexion of sound, 565

part performed by each portion of the auditory appa-
ratus in the function of hearing :

—

I. the internal ear, 567
vestibule, the essential part, 56?

office of the otolithes, 567
function of the cochlea, 568

function of the semicircular canals and sinus

commune, 569
II. The accessory parts of the organ, 571

the auricle, 57

1

the tympanum and its contents, 579

Eustachian tube, 576
functions of the nerves, 576

Heart, (in anatomy,) 577
Human heart (normal anatomy) :

position, 578
form and external surface, 578
right auricle, 579

external surface, 579
internal surface, 579

tuberculuin Loweri, 580
fossa ovalis, vestigium rommiuis nvalls, 5S0

annulus s. isthmus Vieussenii, 5S0
remains of the Eustachian valve, 580

valvula Thebesii, 580
foramina Thebesii, 5R0

musculi pectinati, 580
auriculo-ventiicular opening, 580

right ventricle, 580
external surface, 580
internal surface, 580

columns; carneai, 580
musculi papillares, 58t

valvula tricuspis s. triglochis, 581

chorda,' tendinea;, 581
semilunar valves, 581

corpus Arantii, 513
left auricle

:

external surface, 582
internal surface, 582

left ventricle:
external surface, 582

iatcinal surftice, 582
bicuspid or mitral valve, 583

semilunar valves, 584
sinuses of Valsalva, 584

septum of the ventricles, 5K4

thickness of the walls of the several cavities of the
heart, 585

measurements, 5S6

relative capacities of the several cavities, 585

measurements, 586

relative dimensions of the auriculo-ventricular ori-

tices, 587
circumference of the aortic and pulraonaiy orifices,

587
measurements, 587

size and weiglit of the heart, 587

structure of the heart, 587
tendinous texture, 5y7

auriculo-ventricular tendinous rings, 587

arterial tendinous rings, bbj

tendinous structure of the auriculo-ventri-

cular valves, 589
tendinous structure in the arterial valves,

589
attachment of the middle coat of the arteries

to the arterial tendinous rings, 589

muscular Tissue, 590
of the ventricles, 590
of the auricles, 593

inner membrane of the heart, 594

nerves of the heart, 595
middle cardiac nerve, 595
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Human Hearlt (contimutl.)

InrvHor (urdmc ncrvt*, 593
lelt cardiac nervi', &93
ntrdiiic |)lrxu«, VjlH

bloodTemelsof ilie heart* &06
(treat coronary vrtn, M>fl

intaller poiteriorcofunary vein, M)7
unlerior coronary veintt &07

venK minimc, or veins of ThrtHrtiua, b97
• inut of the coronnry vein, 597

sympathies of the heart, 597
peHcardlum, 6<>7

uses of the perirardlum, &{»>

retattvc potiiiun of the vessels within the peri-

cardium, 59tt

peculiarities of the fictal heart, 500
value of the foramen ovule, 509
Eustachian vuWc, b^^

Pltysiolc^y of the heart

:

mode of action of ttie valves, 000
movements of the heart, 0o2

systole and diastole of the auricle*, 00ft

ventricle*, CO)
Impulse of the heart, 004
most irritable parts of the heart. 607
riMmtiou of contractile [tower after death, 60S
frequency of the heart's action, 600

number of pulsations In different animals, Aoo
cause of motion of the heart, (>iu

upon what does the peculiar irritability of the
heart depend ? fil3

constancy oi the heart's action, SO
regularity of tlie heart's movements, flIJ

aoundsof the heart, 614
first sound, 610
second sound, 617

Heart (arrangement of the fibres of the), Hig
Heart (abnormal conditinm of tht). 6W

I. congenitHl abnormal conditions :

congenital aberrations of position, ectopia rordia,

malformations by defect of development, 031
malformations of the valves, 639
consenital absence of the perirardiitm, 6.<)9

malformations by eiccLss of develooiiunt, 634

anomalous connexions oflhe vessels of the heart,

displacement or ectopia of the heart as a conse-
quence of disease, 635

II. morbid alterations of the muscular substance of
the heart

:

inflammation, carditis proper,6S0
suppuration, 630
ulceration, 61?
induration. 637
cartilaeinousand osseous truiiforiDations,637
tubercles, 637
sclrrhus, 637
medullary fungus, enc«phaloid tumours, 637
melanosis, 638
hypertrophy

:

simple,* i.e. without change in the capa-
city of the cavities, 6i8

with diiutatiitn or increased capacity of
the cavities, extentric hypertrophy,
active aneurism of the heart, 630

dilatation of the cavities of the heart, pas-
sive aneurism, 640

dilatation of the otifices of tlie heart, 640
aneurism of the heart, <i40

atrophy of the heart, 649
morbid dep<>sit of fat on the heart, fatty de-

generation, 649
ninturc of the heart, 641

morbid states of the mimbranes of the heart :—
morbid states of the pericardium, 643
white spot on the heart, 644
tubercular formations, 645
cysts, 64 »

hydrops pericardii or hydropericardium, 645
pnrumopLTicaidiiira, 645
morbid siules of the endocardium, 645
chronic valvular diseases, 646
dilatation of the valves, 647
atrophy of the valves, 047
entozoa in the heart, 647
states of the blood in tlie heart after death,

049
Hcnt, animal, 64rt

teutprrature of the human body, 649
of the mammalia, 649
of birds, 649
of reptiles, 640
of fishes, 040
of insects, 650
of Crustacea, 650
of molluKa, 650

general conditions of oreanization in relation witli

the production of a greatei or less degree of
heat, 7M>

temperature of diCcrent parts of the liody, 654

Htat, aiamalt (eomtimutdj
relations between the temperature of internal

^arts, 6W
relations between the tempcrmturc of external

parts, 65s
difference of lemperature arcording to depth, 050

influence of external temperature generally, 6mi
variations in temperature independently of external

temperature, 6)a
influence of the naiur.1l tcnperatare of the air on

that of the body, OM
influence of different media upon lempcralure,059
elfects of exitrrnal teropenuurc upon an isolated part

of the body, 60u
effccu of partial heating, 660
effecu of excessively high or exceasively low ex

tenul temperature upon the temperature of
the body, 000

influence of evaporation, 661
relations of the bulk of the body 10 animal heal. Ml
relations of age to animal heat, 60t
differences of constitution in relation to the pro-

duction of heat among animals, 667
Influence of the seasons on the production of animal

bc»t, 60ft

differences accordliig to the nature of the climate,
970

Influence of sleep on the production of heal, 070
phenomena presented by hybernating animals

with regard to the production of heal, 07

1

of the system upon which the external temperature
acts primarily and principally, 673

Influence of temperature on the vitality of cold-
blooded animals, 073

Influence of temperature on the vitality of warm-
blooded animals and of man in the states of
health and discmse, 674

effects of various other causes of raodiflcation in ex-
ternal agents, 6A0

confirmation ofthe general results, 6M
ol the physical cause of animal heat, 0H9

IhrmmfihrvdUirm, or Hermaphrodlsn, 684
dassMcaiion of hermaphroditic utalformations, 065
I. spurious hermauhroditism :—

A. in the female, 6m5
I. abnormal development or roagnllude of

the clitoris, 6m6
9. from prolapsus of the uterus, O90

B. in the male, 000
1. extrovenion of the urinary bladder, 69I

ft. adhesion of the inferior sur&ce of the
penis tu the scrotum, 691

3. fissure of the inferior part of the urethra,
perinafum, &c. 091

II. true hermaphroditism, Og5
A. lateral hermaphroditism, 600

1. an ovary on the right side and a testis on
the len, 608

0. a testicle on the left and an ovary on the
right side, 7tX>

D. transverse hermaphroditism, 701
1. tnnsveisc hermaphroditism with external

sexual organs of the female type, 701

ft. transverse hcrmaplirodittini with ihe ex-
ternal sexual organs of the male type, 704

C. double or vertical hermanhrotlitism, 7U6
I. mate vesicula! seniinalcs, &f. superadded to

organs of the female sexual type, 707
ft. imperfect female uterus, &c. superadded la

a sextial organtxation essentially male in
its type, TOf

^. Coexistence of female ovaries aitd male
testicles, 711

two testicles and one ovary, ?I9

two testicles and two ovaries, TU
HI. bermaptirodotism as manifested in the general

conformation of the body and in the se-

condary sexual characters, 714

general summary with regard to the nature of
hermaphroditic malformations, 799

I. of the varieties of spurious liermaphro-
dilism, 799

ft. nature of true hermaphroditic malform-
ations, 793

aiutomical degree of sexual duplicity in her-
maphroditism, 798
1. fallacies injudging of tlie addition of male

seminal inicts to 1 female type of sexual
organs, 799

ft. fallacies in the supposed co-existence of a
female uterus with testicles and oUier
organs of a male sexual type. 730

S. bllacies in a supposed cu-exi*(ence of
testicles and ovaries, 731

physiological degree of sexual perfection in her-

maj'lirtxtilfs, 73-i

caiisis of hermaphrointic malformations, 733

horniaphro<liiisni in Honble monsters, 736

i/eraia, (morbid anatomy,) 7^fl

circumi'tanccs under which protrusions of the ab-

dominal visctva take place, varieties. Ate. 73«
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Jltrmat (muthiiutl.)

inguinal iKTiiia, 750
by direct Hesccnt, 755

crural orfrinnriil ln;riii;i, 756
uinMliral htTiiiii, 7^1

llilnrHation, 7'i4

order ot consideration of the effects of )iibcrnaliu[)>

766
I. of sleep, 766
II. of the sleep or hibernating iinimatSf 766
III. of perfect hibernalinn, 768

stale of the several functions in liibcnintion :—
sanguiliealiori, 76s
respiration, 763

comparative temperature of hibernating
annnalswith tliaioi the atmopphcre,770

circulation, 771
defa-cation, 77i
nervous sysieui, 77Q

irritability, 77-2

motility of muscular fibre, 773
IV. of rcvivisccnce, 774
V. of torpor from cnbi, 775

. Hip-jvintf anatomy of the, (human anatomy,} 776
the bones, 776

acetabulum, 77^
head of the fi-niur, 777
cartilage of the acetabulum, 777
fibro-cartilage of ditto, 777
ligaments, 777

round ligament, 778
capsular ligament, 778

synovial membrane, 779
arteries, 779
nerves, 779
motions, 779

mp-jointf abnormal conditions of the, 7ftO

Sect. 1. congenital malformations of the hip-joint

:

original luxation, 7S0
anatomical characters of the affection, 79Q
history of a case of congenital malformation of

the left hip-joint, with the anatomical ex-
amination of llie articulation, 784

history of a second case, 786
Sect. 11. aiseasc:

inflammation of the synovial membrane and
otiier structures, 7S7
synovitis coxae, with periostiiis, 7H8

cartilages, inflammation and destruction of the,

bones, strumous osteitis, morbus coxa;, scrofulous
affection of the hip-joint, 789

acute arthritis coxai, 790
anatomical characters, 792

chronic strumous arthritis coxa;, 793
anatomical cliaractcrs, 794

chronic rheumatic arthritis coxx, chronic rheu-
matism, 79H
anatomical characters, 90!

Sect. III. accidents:
I. fractures:

Iracture of the fundus of the acetabulum, Wi
fracture of the brim of the acetabulum, 8O3
fracture of the superior extremity of the femur,

H04
A. intra-capsular fracture of the neck of the

femur, b(>4

B. extra-CJtpsular fracture of the neck and
fracture of the superior portion of the
shaft of the femur, HO.^C fracture of the neck of the femur com-
plicated with fracture through the tro-
chanter major, SOb

D. fracture of the neck of the thigh-bone,
with impaction of the superior or cotyloid
fragment into the cancellated tissue of
the upper extremity of the shaft of the

femur, 806
anatomical characters of fracture of tlie
neck of the thigh-bone, 8O7

does bony consolidation of the intra-
capsular fracture of the cervix femoris
ever occur ? 810

II. luxations

:

dislocation of the head of the femur upwards and
brtckwards on the dorsum of the ilium, H\b

anatomical characters of this dislocation, 816
dislocation backwards or towards the ischiatic

notch, 818
anatomical characters of this dislocation, 890
dislocation upwards and inwards on the pubes, 820
anatomical characters of this luxation, 8*21

dislocatiim downwards and inwards into the
foramen ovale, fi^^i

anatomical characters, 823
cases of imusual disUications, 834

upwards and outwards, 824
downwards and backwards, 824

Hifptfraviiii ftnd AntPtniii, (in morbid anatomy,) 825
IhjIH-nroyk^HHti Mloph^, {in inoih'ni anatomy,} 896

Iliac ArurieSf m^
primitive iliac arteries, common iliacs, R?7
internal iliac artery, 828

branches

:

1, internal bmnchcs :

ilio-Iumbar artery, 829
lateral sacral artery, 830
middle haimorrhoidal artery, 830
vesical arteries, 830
umbilical artery, 830
uterine artery, 831
vaginal artery, 831

2. external branches

:

obturator or thyroid artery, 831
glutseal artery, H33
ischiatic artery, H33
internal pudic artery, 634
branches

:

external hxmnrrhoidal arteries, fiSb

perineal aricry, 835
artery of the corpus cavernosum, 836
artery of the dorsum penis, 830

externa! iliac artery, 8S7
relations, coverings, connexions, 837

branches

:

anterior or circumflex iliac artery, 842
epigastric artery, 842

methods of operation for tlie ligature of the external
iliac arteries, 844

comparative merits of the different methods, Mfi
operations for the ligature of the internal iliac, 848
ligature of the primitive iliac, 849

hinominaia Arieria^ (human anatomy,) 8M3
relations, Stc. 850
anomalies, 852
ligature, 85a

/nsccm, 853
Table of thearrAngement of insects according to the
system of Mr. Stephens, 856
Order 1 . Coleoptera, 859
Order II. Dermaptera, 863
Order 111. Orihoptera, 864
Order IV. Neuropiera, &64
Older V. Trichoptera, sfi^

Order VI. Hymenoptera, 86i
Order VII, Strepsptera, 866

Sub-class, flanstellata

:

Order VI II. Lepidoptera, 86fl

Order IX. Diptera, 867
Order X. Honialoptera, 867
Order XI. Aphaniptera, 867
Order XII. Aptera, b68
Order XIII. Hcmiptera, 868
Order XIV. Homoptera, 868

Different states of existence:
the egg, 869
the larva, 869

external anatomy of the larva, S70
of the head, 872

organs of locomotion, 873
growth and changes of the larva, 874

the [Hipa, nymph, aurelia or chrysalis, 879
the imago or perfect state, 8S0

Dermo-skcleton, 8hi
its chemical composition : chitinc, 881
its thirteen segments, 882
articulations, 883
tah!e of the parts and appendages of the head, 88,'>

account of these, 885
mandibles, 888
maxillx, 889
antennx, 890
internal parts of the head, 892
mouth, 897
tlevelopment of the head,£>09

thorax. 9U
table of parts, 913
pro-thorax, 914
m»'So-thorax, 914
meta-thorax, 91s

abdomen, 918
Organs of locomotion.—The wings, g24

articulations of the wings, 9-i6

iieuraiion, 926
file, 028
the legs, 931
aberrations of form in the organs of locomotion,

933
muscular system, 934

muscles of the larva, 935
perfect insect, 9S9

nervous system :

in the larva, 943
nerves of the head, 594
of the perfect insect, 948

organs of vision, 96O
organ of hearing, 96I
organ of touch, 96

1

organ of smell, 962
developmeni of the brain and nervous system, <V>'J
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iiiMclB, (eemitmutL^
organi ot nmniinn

:

alititeniary canal and III appendages, 905
poritotirni coat, 9ttA

muscular co«t, 9fiS

mucout C'«i, gM
alimentary (-anal of Urra* 000

aiiltvndrigfi of the canal, 97S
;inal or pr<iprr urioiferoiuo^aMi 9?&

adi(K>te tissue, 97)
circulatory lyttein, 976

the heart or great doraal vcMel* 970
organs of respiration, 9S9

Insfcta {(xmtiumfd,)

funrtton of mplrallon, 907
organa of Kcnc-ration, 090
tegumcniary Appendages—hair, scales, and spines. 90S

/fueclirort, ti>.H

fmnilifk, 994
osteology, 99&
musclci, 99s
digtttive organs, 1000

tci-th, 1000
nerroui system, looe
tegameniary system, l«M
oigaosofreprdoactioa, 100&

K.Mi op V(H . II.



ERRATA IN VOLUME II.

Page 153, col. 1, line 13 from bottom, for articulated, read reticulated.

157, col. 2, line 20 from bottom, /or supra-spinata, read infra-spinat;i.

174, note, dele " and copied intoMr. Mackenzie's work on tl»e eye."

344, line 40, /'or inspection, r««i impaction.

375, col. 2, note, Jbr " tarsor," read " tensor."

376, col. 2, Bibliography, insert Berres.

483, col. 2, line 25 from bottom, /or " fluid," read " blind."

587, col. 1, line 24 from bottom, /or 45JJ, read 31J^.

587, col. 1, line 22 from bottom, /or 41J, read 28f.

587, col. 1, line 20 from bottom, /or 54J5, read 32|}.

587, col. 1, line 18 from bottom, for 485, '^"'^ 30^.

598, col. 2, line 11 from bottom, /or "The nerves can be traced," read "The nerves

have not been traced."

608, col. 2, note, for " Prinella," read " Prunelle."

617, col. 1, line 32 from bottom, /or " Enman," read " Erman."

849, col. 2, line 5, for pecuniary, read visceral.

In the article IIe/lrt, for Jig. i72, in references, read fy^. 274, passim and vice versft.

MAKCHAKT, PRINTEE, IKGRAM-COl'KT, rEKCUURCU-STREEI.
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